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|  GAUGE AND HIGGS BOSONS |

10P¢) =011~ )

Mass m < 6 x 10717 eV
Charge g < 5x 10730 ¢
Mean life 7 = Stable

g

or gluon /(JP) =007)

Mass m = 0 [l
SU(3) color octet

m J=1

Charge = £1e

Mass m = 80.425 + 0.038 GeV
mz — my = 10.763 £ 0.038 GeV
My+ — my,- =—02% 0.6 GeV
Full width I' = 2.124 £ 0.041 GeV
(M) = 15.70 £ 0.35

(Nyz) =2.20 +0.19

(Np) =0.92 £ 0.14

(Nenargea) = 19.41 % 0.15

W™ modes are charge conjugates of the modes below.

P
w+ DECAY MODES Fraction (; /) Confidence level (MeVc)

1ty [b] (10.68+ 0.12) % -
ety (10.72+ 0.16) % 40212
wtv (10.57+ 0.22) % 40212
Tty (10.74+ 0.27) % 40193
hadrons (67.96+ 0.35) % -
aty < 8 %1075 95% 40212
Diy < 13 x 1073 95% 40188
cX (336 = 27 )% -

s @ B % -
invisible [c] (14 +£28)% -

s

Charge = 0

Mass m = 91.1876 = 0.0021 GeV 9]

Full width T = 2.4952 + 0.0023 GeV

r(ete ) =83.984 + 0.086 Mev 2]

I (invisible) = 499.0 + 1.5 MeV [€]

I (hadrons) = 1744.4 & 2.0 MeV

M(utpu)/r(ete) = 1.0009 £ 0.0028

r(rtr7)/T(ete”) = 1.0019 = 0.0032 [']
Average charged multiplicity

(Nehargea) = 21.07 £ 0.11

Couplings to leptons
gt, = —0.03783 + 0.00041
g{ = —0.50123 £ 0.00026
g¥e = 0.53 + 0.09
g¥n = 0.502 £ 0.017

Asymmetry parameters (8]
Ag = 0.1515 = 0.0019
A, = 0.142 £ 0.015
A, = 0.143 £ 0.004
Ag = 0.90 % 0.09
A = 0.666 £ 0.036
Ap = 0.926 + 0.024

Charge asymmetry (%) at Z pole
ALD 171 + 010
ALY g 47
ALY — 98411
ALY — 7.04 £ 0.36
ALY — 10,01 + 017

Scale factor/

p
Z DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

ete” (3.363 £0.004 )% 45594
ptu~ (3.366 £0.007 ) % 45594
rtr (3370 +0.008 ) % 45559
Vas [B] ( 3.3658+0.0023) % -
invisible (20.00 +0.06 )% -
hadrons (69.91 +0.06 )% -

(ut+cT)/2 (101 *11 )% -

(dd+s5+bb)/3 (166  +£06 )% -

cc (11.81 £033 )% -

bb (1513 4005 )% -

bbbb (36 +£13 )x1074 -

ggg < 11 % CL=95% -
70y < 5.2 %1075 CL=95% 45594
ny < 51 x 1075 CL=95% 45592
wy < 65 x 1074 CL=95% 45590
n'(958)y < 42 x 1075 CL=95% 45589
% < 5.2 %1075 CL=95% 45504
7Yy < 10 x 1075 CL=95% 45594
= wF < 7 %1075 CL=95% 10127
pEWF [ < 83 %1075 CL=95% 10101
J/9p(1S)X (351 1023 )x1073  s=11 -
$(25)X (160 +029 )x1073 -
Xc1(1P)X (29 +07 )x1073 -
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>'i“621(51P2(X . < 32 x 10:3 CL=90% - Scalar Leptoquarks
(+%,(3;r) X( ) (L0 +05 )10 - Mass m > 242 GeV, CL = 95% (1st generation, pair prod.)
T(15)X < as ©10-5 CL_05% _ Mass m > 298 GeV, CL = 95% (1st gener., single prod.)
T(2S)X < 139 ©10-4 CL=95% _ Mass m > 202 GeV, CL = 95% (2nd gener., pair prod.)
T(35)X < 94 «10-5 CL=95% - Mass m > 73 GeV, CL = 95% (2nd gener., single prod.)
(D°/ D% X (207 +20 )% - Mass m > 148 GeV, CL = 95% (3rd gener., pair prod.)
DEX (122 +17 )% - (See the Particle Listings for assumptions on leptoquark quan-
D*(2010)FX [A (114 £13 )% - tum numbers and branching fractions.)
Ds1(2536)% X (36 +08 )x1073 -
D, 7(2573)* X (58 +22 )x1073 -
D*(2629)+ X searched for - Axions (A®) and Other
BIX seen - Very Light Bosons, Searches for
B:’X searched for -
anomalous «y + hadrons [l < 32 %1073 CL=95% - The standard Peccei-Quinn axion is ruled out. Variants with reduced
ete y [i] < 5.2 x 1074 CL=95% 45594 couplings or much smaller masses are constrained by various data. The
whp—y [l < 56 %1074 CL=95% 45594 Particle Listings in the full Review contain a Note discussing axion
Ty [N< 73 x 1074 CL=95% 45559 searches.
£ yy U< 68 x 10:2 CL=95% - The best limit for the half-life of neutrinoless double beta decay with
q97 B} < 55 %10 . CL:95:? - Majoron emission is > 7.2 x 10?* years (CL = 90%).
vUyy < 3.1 x 1076 CL=95% 45594
eipi LF [m < 17 x10:2 CL=95% 45594 NOTES
e*T LF [ < 98 x 1076 CL=95% 45576
pErF LF [n < 12 %1075 CL=95% 45576 ) )
pe LB < 1.8 %1076 CL=95% 45589 In this Summary Table:
6 CL—95Y
pu LB < 18 X107 CL=95% 45589 When a quantity has “(S = ...)" to its right, the error on the quantity has

been enlarged by the “scale factor” S, defined as S = v/x2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

Higgs Bosons — H® and H%, Searches for

H® Mass m > 114.4 GeV, CL = 95%
Hg in Supersymmetric Models (mh‘l, <mHg)
Mass m > 89.8 GeV, CL = 95%

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying particle.
For a 3-or-more-body decay, p is the largest momentum any of the products

AP Pseudoscalar Higgs Boson in Supersymmetric Models [¥] r-mor
can have in this frame.

Mass m > 90.4 GeV, CL = 95% tang >1

a] Theoretical value. A mass as large as a few MeV may not be precluded.
H* Mass m > 79.3 GeV, CL = 95% (2] retieal valu m '8 " mayn preci

See the Particle Listings for a Note giving details of Higgs
Bosons.

[b] £ indicates each type of lepton (e, u, and 7), not sum over them.

[c] This represents the width for the decay of the W boson into a charged
particle with momentum below detectability, p< 200 MeV.

[d] The Z-boson mass listed here corresponds to a Breit-Wigner resonance
parameter. It lies approximately 34 MeV above the real part of the posi-
tion of the pole (in the energy-squared plane) in the Z-boson propagator.

Heavy Bosons Other Than
Higgs Bosons, Searches for

[e] This partial width takes into account Z decays into v¥ and any other

Additional W Bosons
W' with standard couplings decaying to ev, pv
Mass m > 786 GeV, CL = 95%
Wgr — right-handed W
Mass m > 715 GeV, CL = 90% (electroweak fit)
Additional Z Bosons
Z;-M with standard couplings
Mass m > 690 GeV, CL = 95%  (pp direct search)
Mass m > 1500 GeV, CL = 95% (electroweak fit)
Z, g of SU(2),xSU(2)gxU(1)
(with g1 = gg)
Mass m > 630 GeV, CL =95%  (pp direct search)
Mass m > 860 GeV, CL = 95%  (electroweak fit)
Z, of SO(10) — SU(5)xU(1), (with gy=e/cost )
Mass m > 595 GeV, CL = 95%  (pp direct search)
Mass m > 680 GeV, CL = 95%  (electroweak fit)
Zy of Eg — SO(10)xU(1)y (with gy=e/cosfyy)
Mass m > 590 GeV, CL = 95%  (pp direct search)
Mass m > 350 GeV, CL = 95% (electroweak fit)
Zy of Eg — SU(3)xSU(2)xU(1)xU(1), (with g,=e/cosfyy)
Mass m > 620 GeV, CL =95%  (pp direct search)
Mass m > 619 GeV, CL = 95%  (electroweak fit)

possible undetected modes.
[f] This ratio has not been corrected for the 7 mass.
[g] Here A = 2gyga/(83,+83)

[h] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[i] See the Z Particle Listings for the v energy range used in this measure-
ment.

[j] For my. = (60 £ 5) GeV.
[k] The limits assume no invisible decays.
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| LEPTONS Decay parameters

See the 7 Particle Listings for a note concerning T-decay parameters.

St p7(e or ) = 0.745 + 0.008
E =2 p"(€) = 0.747 + 0.010
Mass m = (548.57990945 + 0.00000024) x 10~ u p7 (1) = 0.763 + 0.020
Mass m = 0.51099892 + 0.00000004 MeV €7 (e or p) = 0.985 £ 0.030
[mes = mg_|/m < 8x107°, CL = 90% £7(€) = 0.994 + 0.040
|Ger + Ge-|/e < 4x1078 £7(u) = 1.030 £ 0.059
Magnetic moment p = 1.001159652187 =+ 0.000000000004 1 n"(e or 1) = 0.013 % 0.020
(80+ — Bo-) | Baverage = (—0.5 + 2.1) x 10712 77 (p) = 0.094 + 0.073
Electric dipole moment d = (0.07 + 0.07) x 1026 ecm (8¢)7 (e or p) = 0.746 % 0.021
Mean life 7 > 4.6 x 1026 yr, CL = 90% [ (66)7(€) = 0.734 + 0.028

(66)7 (1) = 0.778 + 0.037
£7(x) = 0.993 + 0.022

—1
J=3 €7(p) = 0.994 + 0.008
Mass m = 0.1134289264 + 0.0000000030 u £7(a) = 1.001 + 0.027
Mass m = 105.658369 £ 0.000009 MeV £7(all hadronic modes) = 0.995 + 0.007

Mean life 7 = (2.19703 £ 0.00004) x 10 ©s

+ P upEn
T#+ /T;ﬁ — 1.00002 =+ 0.00008 77 modes are charge conjugates of the modes below. “h stands for

% or KE. “¢" stands for e or . “Neutrals” stands for 4's and/or 0,

Cr = 658.654 m ot oo
. cale factor,
Magnetic moment s — 1.0011659160 i 0.0000000006 eh/2m,, +~ DECAY MODES Fraction (/1) Conftence vt (ME”V/C)
(g,ﬁ - g,f) / Baverage = (2.6 £1.6) x 10
Electric dipole moment d = (3.7 £ 3.4) x 10719 ecm Modes with one charged particle
Deca ] particle™ > 0 neutrals > 0K%v, (85.35+0.07) % s=1.1 -
y parameters (“1-prong”)
p = 0.7518 & 0.0026 particle™ > 0 neutrals > 0K v, (84.724+0.07) % S=1.1 -
n = —0.007 £+ 0.013 T, lg] (17.36:£0.06) % 885
§ = 0.749 + 0.004 W Vv [e] (36 +£0.4)x10—3 885
£P, = 1.003 + 0.008 [] e VeV, [g] (17.84+0.06) % 888
£P,8/p > 0.99682, CL = 90% ] € Vevry le] (175£0.18) % 888
¢ =1.00 + 0.04 h= >0KY v, (12.3040.11) % S=1.4 883
¢ =07+04 h~v, (11.7540.11) % S=1.4 883
a/A = (0 £ 4)x 10-3 T v [g] (11.06+0.11) % S=1.4 883
o JA = (0 +4) x 1073 K~ vy [g] ( 6.86:£0.23) x 10~3 820
B/A = (4 +6) x 1073 h~ ; loneutralsuT (36.92+0.14) % S=1.1 -
B/A = (2 £ 6) x 10-3 = v (25.87+0.13) % s=1.1 878
7 0.02 4008 7m0, [g] (25.42+40.14) % s=1.1 878
K 7~ 7% non-p(770) v, (30 £32)x1073 878
ut modes are charge conjugates of the modes below. K~ 0 Vr [g] ( 4.50+0.30) x 103 814
» h > 21%;, (10.77+0.15) % s=1.1 -
p— DECAY MODES Fraction (I';/T) Confidence level (MeV/c) h=2x0, (19.39+0.14) % S=1.1 862
— h 270, (ex.K9) (19.23+0.14) % s=1.1 862
€ Vely ~ 100% 53 72100, (ex. K%)  [g] (9.17+0.14)% S=11 862
e Veryy [d] (14£0.4) % 53 7210y, (ex.K9), <9 x1073  CL=95% 862
e veyyete le] (3.4+0.4) x 1075 53 scalar . ,
- - _o59
Lepton Family number (LF) violating modes B irct’;: (exK. <7 x10 cL=o8% 862
€T VT, LF [l <12 % 90% 53 K=21%, (ex.K%)  [g] (58 +2.3)x10~4 79
- LF <12 x 10711 90% 53 h= > 370, (1.37+£0.11) % S=1.1 -
LF <10 x 10712 90% 53 h= 370, (1.21+0.10) % 836
LF <72 x 10711 90% 53 7310, (ex.K%)  [g] ( 1.08+0.10)% 836
K=37%u, (ex K, [g] (38 ¥32)x1074 766
J=}% 7
h~ 4n%v, (ex.K©) (16 £0.6)x1073 800
Mass m = 1776.99 032 MeV h= 470, (ex.K%m) lel (10 F3E)x10-3 800
(M4 = m__)/Myyerage < 3.0 x 1073, CL = 90% K= >0r° >0K® >0y v, ( 1.56£0.04) % 820
Mean life 7 = (290.6 + 1.1) x 10715 s K= >1(x% or K9 or 7) v, ( 874+0.35) x 10-3 _

cr = 87.11 pm
Magnetic moment anomaly > —0.052 and < 0.058, CL = 95%
Re(d,) = —0.22 to 0.45 x 1071% ecm, CL = 95%
Im(d,) = —0.25 to 0.008 x 107® ecm, CL = 95%

Weak dipole moment
Re(d¥) < 0.50 x 10 7 ecm, CL = 95%
Im(d¥) < 1.1x 10717 ecm, CL = 95%
Weak anomalous magnetic dipole moment
Re(a¥) < 1.1x 1073, CL = 95%
Im(e¥) < 2.7 x 1073, CL = 95%
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Modes with K0's

K(_]g (particles) ™ v,
h~ Roi/,.
™ ﬁg v lel
7~ K
(non-K*(892) ) v,
K™ KO, le]

7 Koy, lel

K= Ko7, lel

K~ KOIOWOVT
" KOKOy,
7 KLKLv, lel
7 K§Kjvr lel
7~ KOKO 70y,

KOht h=h= > 0 neutrals v,
KOhth=h~v,

Modes with three charged particles

h=h=ht >0 neutrals > OKEVT
h=h™h* >0 neutrals v,
(ex. K¢ — nta7)
("3-prong”)
h=h=htw,
vr (ex.K?)
h~ h1h+ vy (ex.KOw)
TOrT W Uy
7~ 7wt v, (ex.KO)
= r T v (ex.KD),
non-axial vector
amat v (ex. KO w) lg]
h=h=hT > 1 neutrals v,
h=™h=h* > 1 neutrals v,
(ex. KS = nt77)
h=h=ht 70,
h=h~ ht 70, (ex.KO)
h=h=ht a0, (ex. KO, w)
atr a0 vy
“rtaT 7r01/ (ex. KU)
—ata a0 1/,. (ex.K%w)  [g]
h=ht2onluy,
h=ht2x0u_ (ex.K9)
h=ht2r0u, (ex.KOw.m) ]
h=h=ht 3700, gl
K= hth= >0 neutrals v,
K~ ht 7~ v, (ex.K9)
K= hta~70u, (ex.K?)
K~ 7t~ > 0 neutrals v,
K ntz™ >

s
s
T
h—
h—
h~

Frvr(ex K% g
V.

0,
Oy, (ex.K?)
T 7lur (ex.K0m) [e]
K~ at K= >0 neut. v,

™
p —
K- atnr v,
s k3

T k3

s

™
™
a
™

K~ KT7~ >0 neut. v,
K=Kt n—w, le]
K- Ktn~xlu, lg]

K~ KtK~ >0 neut. v,

K- K+ K~ v,

7~ Kt7~ >0 neut. v,
e e et vau,
noe e*?uu.,.

(9.2 +0.4 ) x 1073 s=1.1
(1.054+0.04) % S=1.1
(89 +0.4 )x1073 s=1.1
< 17 %1073 CL=95%
( 1.54£0.16) x 1073
(13.09:£0.24) x 1073
(5.2 £0.4 )x 1073
(3.7 £0.4 )x 1073
(22 £05 )x1073
( 1.55:£0.20) x 10—3
(32 +£1.0 )x 1073
(2.6 £2.4 )x10~4
< 16 x107%  CL=95%
( 1.5940.29) x 1073 s=1.1
(2.4 +£05 )x10—4
( 1.10+£0.28) x 10—3 S=1.1
(31 +23 )x1074
< 20 %1074  CL=95%
(3.1 +1.2 )x1074
< 17 %1073 CL=95%
(23 £2.0)x107%
(15.19+0.07) % s=1.1
(14.57+0.07) % S=1.1
(10.01+0.09) % s=12
(9.65+0.09) % S=12
( 9.60+0.09) % s=12
(9.474£0.10) % s=12
(9.16+0.10) % S=1.2
< 24 % CL=95%
(19.124+0.10) % S=1.2
(5.194+0.10) % S=13
( 4.92+0.09) % s=13
( 4.53+0.09) % s=13
( 4.35+0.09) % s=13
(2.62+0.09) % S=1.2
( 4.37+0.09) % S=13
( 4.25+0.09) % s=13
(2.5140.09) % s=12
(55 £0.4)x1073
(5.4 +04)x1073
(1.1 £0.4 )x 1073
(23 +£0.8 )x10—4 S=15
(6.9 +£0.4 )x1073 S=1.3
(4.8 +£0.4 )x1073 S=15
(1.0740.22) x 1073
(5.0 £0.4 )x 1073 $=13
(3.9 £0.4 )x1073 s=1.3
(3.8 +£0.4 )x1073 S=1.6
(33 404 )x1073 S=1.6
(1.6 £0.6 ) x 1073
( 1.180.25) x 10~3
(65 £2.4 )x107%
(5.9 +2.4 )x 1074
<9 x 1074 CL=95%
( 1.9740.18) x 10~3 S=1.1
( 1.554£0.07) x 1073
(42 £1.6 ) x 1074 S=1.1
< 21 x1073  CL=95%
< 37 x107%  CL=90%
< 25 x1073  CL=95%
(2.8 £1.5 )x 107>
< 36 x107%  CL=90%

812
812
812

737
737
794
794
612
685

763
619
682
682
682
614
614
614
760
760

861
861

861
861
861
861
861
861

861

834
834
834
834
834
834
797
797
797
749
794
794
763
794
794

794
794

763
763
763
685
685
685
618
472
472
794
888
885

Modes with five charged particles

3h~2h* > 0 neutrals v,
(ex. K — 7= xt)
(“5-prong”)

3h~2ht v, (ex.KO)
3h2h 70u, (ex.KO)
3h=2ht 270,

l&]
le]
<

( 1.0040.06) x 10~3

(82 £06 )x 1074
( 1.81£0.27) x 10~4
1.1 x 1074

Miscellaneous other allowed modes

(57)" vy

4h=3ht > 0 neutrals v,
(“7-prong”)

X (S5=—=1)v,

K*(892)~ > 0 neutrals >

0K v,

K*(892)" vy
K*(892)° K~ > 0 neutrals v,

K*(892)° K~ v,
K*(892)%7~ > 0 neutrals v,

K*(892)°n~ v,
(K*(892) 1)~ vy —

T Ko‘fr0
K1(1270) 1/,.
K1(1400)~ v,
K*(1410)
430)7 v,

)"V,

vr

~ >0 neutrals v,
T Vp
a1 (1260)~ v, — nr~ pu,
T v,
nr~ wlv,
7'(958) 7~ vy
7'(958) 7~ 70,
ST v
6K~ v,
f,(1285) 7~ v,
f(1285) 7 v, —
nw ata~ Vr
m(1300)" v, — (pm)" vy —
(37) vy
(1300)" v, —
((7m)s-wave ™)~ vr —
(3m)" v,
h~w > 0 neutrals v,
h~wv,
h~wrlv,
h~ w270,
2h~ htwy,

<

<

<

<
l&]

l&]

<

ANNANNANNNANNA

<

<

8]
lel

(80 £0.7 ) x10—3
2.4 x 1076

(2.91+40.08) %
(1.42+40.18) %

(1.29+0.05) %

(32 +14)x1073
(21 +04 )x1073
(38 +£1.7 ) x10—3
(22 405 )x1073
(1.0 £0.4 ) x1073

(47 £1.1 ) x 1073
(1.7 426 ) x 1073

(15 Tt )x10-3

5 x 104
3 x 1073
1.4 x 1074

( 1.7440.24) x 1073
(1.5 £05 ) x 1074
(27 £06 )x 1074
(29 £0.9 ) x1074
(1.8 £0.9 ) x10—4
(22 +£0.7 ) x 1074

3 %1073
(23 +£05 ) x10—4
3.9 x 1074
1.1 x 1074
2.0 x 1074
7.4 x 1075
8.0 %1075
2.0 x 1074
6.7 x 1075

(58 £23 ) x1074
(13 £0.4 )x10~4

1.0 x 1074

1.9 x 104

( 2.3840.08) %
( 1.94+0.07) %
(44 £05)x1073
(1.4 £05 ) x 1074
( 1.20£0.22) x 10~4

CL=90%

CL=90%

S=1.1
S=1.4

S=1.7

CL=95%
CL=95%
CL=95%

CL=90%

CL=90%
CL=95%
CL=95%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

794

794
746
687

800
683

665

665
542
542
656
656

433
335

326

328
317
797
778
746
720
511
665
661
744
744

637
559
620
591
585
445
408

708
708
684
644
641
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Lepton Family number (LF), Lepton number (L),

or Baryon number (B) violating modes Heavy Charged Lepton Searches |

L means lepton number violation (e.g. 7~ — et a~xT). Following JE . charged lepton
common usage, LF means lepton family violation and not lepton number
violation (e.;. T — e 1r+p7r*). B r{leans baryon numberpviolation. Mass m > 100.8 GeV, CL = 95% i Decay to v W.
e~y LF < 27 %1076 CL=90% 888 L* — stable charged heavy lepton
A LF < 11 x1070  Cl=sn% 85 Mass m > 102.6 GeV, CL = 95%
e~ LF < 37 %1076 CL=90% 883
w0 LF < 40 %1076 CL=90% 880
e K LF < 91 x10~7  CL=90% 819 J=13
nK§ LF < 95 x10~7  CL=90% 815
e n LF < 8.2 x1076  CL=90% 804 The following results are obtained using neutrinos associated with et
©nn LF < 9.6 %1076 CL=90% 800 or e~. See the Note on “Electron, muon, and tau neutrino listings” in
e p° LF < 20 x1076  CL=90% 719 the Particle Listings.
w p0 LF < 63 x 1076 CL=90% 715 Mass m < 3 eV Interpretation of tritium beta decay experi-
e~ K*(892)° LF < 51 x1076  CL=90% 665 ments is complicated by anomalies near the endpoint, and the
n K*(892)° LF < 75 %1076 cL=90% 660 limits are not without ambiguity.
e 5*(892)‘; LF < 74 x1076  CL-o0% 665 Mean life/mass, 7/m, > 7 x 10° s/eV [l (solar)
w~K*(892) LF < 75 x 107: CL=90% 660 Mean life/mass, 7/m, > 300 s/eV, CL = 90% [l (reactor)
e 9 LF < 69 x 1072 CL=90% 59 Magnetic moment < 1.0 x 1071% up, CL = 90%
nwé LF < 7.0 x10 & CL=90% 590
e~ete LF < 29 %1076 CL=90% 888
e~ utp LF < 1.8 %1076 CL=90% 882 E J=1
etu LF < 15 %1076 CL=90% 882
'“+ ej 67 LF < b7 * 1072 CL:%:A’ 885 The following results are obtained using neutrinos associated with ut
poe € LF < 15 * 1076 CL:%?’ 885 or u~. See the Note on “Electron, muon, and tau neutrino listings” in
HoRH LF < 19 * 1076 CL:%DA’ 873 the Particle Listings.
crr - LD e e Mass m < 0.19 MeV, CL = 90%
gt LF P 8:2 ©10-6  CL_o0% 866 Mean Ihfe/mass, T/m, > 15.4 s/7eI\S, CL = 90% .
pram i < 34 ©10-6  CL—00% 566 Magnetic moment . < 6.8 x 1071% ug, CL = 90%
et K~ LF < 64 %1076 CL=90% 813
e~ KT LF < 38 x1076  CL=90% 813 J=1
et 7r; K; L < 21 x1076  CL=90% 813 2
57 Ks K{ LF < 22 x 1076 CL=s0% 736 The following results are obtained using neutrinos associated with 7+
e KtK LF < 6.0 x1070  CL=90% 739 - w e o
Foe— ge— 6 . or 77. See the Note on “Electron, muon, and tau neutrino listings” in
eTK™K L < 38 x 10 CL=90% 739 . ioer
p K- F - s ©10-6  CL_o0% 800 the Particle Listings.
“rm K+ LF < 74 x10 & CL=90% 800 Mass m < 18.2 MeV, CL = 95%
Z+7T7 K- . - 70 ©10-6  CL_o0% 800 Magn.etic.moment u < 3.9x10°7 #,’31'7CL = 90% ,
w KOS KOS LF < 34 ©10 6 CL—90% 696 Electric dipole moment d < 5.2 x 10 ecm, CL = 95%
uw KT K= LF < 15 %1075 CL=90% 699
nK K L < 60 1078 cl=o0% 609 Number of Neutrino Types
e L < 65 X070 CL=90% 678 and Sum of Neutrino Masses
p mlr LF < 14 x 10 CL=90% 867
e nmn LF < 35 x1075  CL=90% 699 Number N = 2.994 + 0.012  (Standard Model fits to LEP data)
konn LF < 60 x1075  CL=90% 654 Number N = 2.92 & 0.07  (Direct measurement of invisible Z
e~ nln LF < 24 x 1072 CL=90% 798 width)
w0 LF < 22 x1075  CL=90% 784
Py LB < 35 %1076 CL=90% 641
prd LB < 15 %x10~5  CL=90% 632
p2r0 LB < 33 %1075 CL=90% 604
pn LB < 89 x1076  CL=90% 475
prlq LB < 27 %1075 CL=90% 360
e~ light boson LF < 27 x1073  CL=95% -
u” light boson LF <5 x1073  CL=95% -
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Heavy Neutral Leptons, Searches for

For excited leptons, see Compositeness Limits below.

There is now compelling evidence that neutrinos have nonzero mass

from the observation of neutrino flavor change, both from the study of Stable Neutral Heavy Lepton Mass Limits
a;molspheric n_eutrino fluxe_s by Eu;;e’\;}éa(rnLokange, adnd fromlthe stud\g Mass m > 45.0 GeV, CL = 95%  (Dirac)
of solar neutrino cross sections charged and neutral currents _ aeo, .
and SuperKamiokande (elastic sc);ttering). TEe flavor change observed Mass m > 39.5 GeV, CL = 95%  (Majorana)
in solar neutrinos has been confirmed by the KamLAND experiment Neutral Heavy Lepton Mass Limits
using reactor antineutrinos. Mass m > 90.3 GeV, CL = 95%
Solar Neutrinos (Dirac v coupling to e, u, 7; conservative case(r))

Mass m > 80.5 GeV, CL = 95%

Detectors using gallium (E, = 0.2 MeV), chlorine (E, 2 0.8 MeV), (Majorana ; coupling to e, i, 7; conservative case(r))

and Cherenkov effect in water (E, 2 5 MeV) measure significantly
lower neutrino rates than are predicted from solar models. From the

determination by SNO of the 8B solar neutrino flux via elastic scat- NOTES

tering, charged-current process interactions, and neutral-current in- )

teractions, one can determine the flux of non-v, active neutrinos to In this Summary Table:

be = (3.4179:%6) » 106 cm—2 51, providing a 5.3 o evidence ) - .
()= ( Zo%6a) P s o When a quantity has “(S = ...)" to its right, the error on the quantity has

for neutrino flavor change. A global analysis of the solar neutrino
data, including the KamLAND results that confirm the effect using
reactor antineutrinos, favors large mixing angles and A(m?) ~
(6-9) x 1075 eV2. See the Note “Solar Neutrinos” in the Listings
and the review “Neutrino Mass, Mixing, and Flavor Change.”

been enlarged by the “scale factor” S, defined as S = v/x2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

Atmospheric Neutrinos L .
A decay momentum p is given for each decay mode. For a 2-body decay, p is

Underground detectors observing neutrinos produced by cosmic rays the momentum of each decay product in the rest frame of the decaying particle.
in the atmosphere have measured a v, /v ratio much less than ex- For a 3-or-more-body decay, p is the largest momentum any of the products
pected, and also a deficiency of upward going v, compared to down- can have in this frame.

ward. This can be explained by oscillations leading to the disappear-

ance of v, with Am? ~ (1-3) x 1072 eV2 and almost full mixing [a] This is the best limit for the mode e~ — v+. The best limit for “electron
between v, and v;. The effect has been confirmed by the K2K ex- disappearance” is 6.4 x 1024 yr.

periment using accelerator neutrinos. See the review “Neutrino Mass,

Mixing, and Flavor Change.” [b] See the “Note on Muon Decay Parameters” in the u Particle Listings for

definitions and details.

[c] P, is the longitudinal polarization of the muon from pion decay. In
standard V—A theory, P, = 1 and p = § = 3/4.
[d] This only includes events with the y energy > 10 MeV. Since the e T,

and e~ Ve v,y modes cannot be clearly separated, we regard the latter
mode as a subset of the former.

[e] See the relevant Particle Listings for the energy limits used in this mea-
surement.

[f] A test of additive vs. multiplicative lepton family number conservation.
[g] Basis mode for the 7.

[h] L= mass limit depends on decay assumptions; see the Full Listings.

[i] Limit assumes radiative decay of neutrino.
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QUARKS

The u-, d-, and s-quark masses are estimates of so-called “current-
quark masses,” in a mass-independent subtraction scheme such as
MS at a scale u ~ 2 GeV. The c- and b-quark masses are the
“running” masses in the MS scheme. For the b-quark we also
quote the 1S mass. These can be different from the heavy quark
masses obtained in potential models.

[t] 10P) = 0(3H)

Charge = % e Top = +1

Mass m = 174.3 + 5.1 GeV  (direct observation of top events)
Mass m = 178.1f1g:§‘ GeV  (Standard Model electroweak fit)

P
t DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Waq(q = b,s, d) -
[«] 10P) = 33H) o _
Mass m = 1.5 to 4 MeV [2] Charge = % e I, = +% f:]//ga;ythlng (bl (oaL24)% :

_ T
my/mg = 0.3 t0 0.7 yq(q=u,c) [d] < 59 %1073 95% -

[4] 10P) = 13%)

Mass m = 4 to 8 MeV 1l Charge= —1e I, =-
mg/mg = 17 to 22
m = (my+my)/2 = 3.0 to 5.5 MeV

N

5] 1UP) = 03

Mass m = 80 to 130 MeV [2] Charge = —% e Strangeness = —1
(ms = (my + mq)/2)/(mg = m,) = 30 to 50

1UP) = 03

Mass m = 1.15 to 1.35 GeV Charge = % e Charm = +1

[6] I0UP) = 03)

Charge = —% e Bottom = —1

Mass m = 4.1 to 4.4 GeV  (MS mass)
Mass m = 4.6 to 4.9 GeV (1S mass)

AT = 1 weak neutral current (71) modes
Zq(g=u.c) T1  [e] <137 % 95% -

b (4" Generation) Quark, Searches for

Mass m > 190 GeV, CL = 95%  (pP. quasi-stable b')

Mass m > 199 GeV, CL = 95%  (pp, neutral-current decays)
Mass m > 128 GeV, CL = 95%  (pp, charged-current decays)
Mass m > 46.0 GeV, CL = 95% (et e, all decays)

Free Quark Searches

All searches since 1977 have had negative results.

NOTES

[a] The ratios m,/my and ms/mg are extracted from pion and kaon masses
using chiral symmetry. The estimates of v and d masses are not without
controversy and remain under active investigation. Within the literature
there are even suggestions that the u quark could be essentially massless.
The s-quark mass is estimated from SU(3) splittings in hadron masses.

[b] £ means e or u decay mode, not the sum over them.

[c] Assumes lepton universality and VW/-decay acceptance.

[d] This limit is for F(t — ~vq)/T'(t — Wb).

[€] This limit is for [(t — Zq)/T(t — Wb).
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LIGHT UNFLAVORED MESONS
(S=C=B=0)

For I =1 (m, b, p, a): ud, (uu—dd)/v/2, du;

for I =0 (n, ', h, ', w, &, f, f'):

c(ut + dd) + c(s3)

m ,G(JPC):OJr(Oer)

Mass m = 547.75 + 0.12 MeV [f]
Full width T = 1.29 + 0.07 keV [€]
C-nonconserving decay parameters

(S =26)

16(UPy =17(07)

Mass m = 139.57018 £ 0.00035 MeV (S = 1.2)
Mean life 7 = (2.6033 + 0.0005) x 1078 s (S = 1.2)
cr =7.8045 m

x= - £Ey-y form factors [2]

Fy = 0.017 £ 0.008

Fa = 0.0116 % 0.0016
_ +0.009

R = 0.059*+3:9%

(S =13)

atr 0  Left-right asymmetry = (0.09 + 0.17) x 10 2

atn~ 70 Sextant asymmetry = (0.18 + 0.16) x 1072
nta~ 7% Quadrant asymmetry = (—0.17 & 0.17) x 10~
atry  Left-right asymmetry = (0.9 £ 0.4) x 1072
atr~y B (Dwave) = —0.02 £ 0.07 (S =13)

Dalitz plot parameter

707070

n DECAY MODES

a = —0.031+ 0004 (S=11)

Scale factor/

Fraction (I';/T) Confidence level

2

P
(Meve)

Neutral modes

neutral modes (720 = 05 )% S=1.3 -
7~ modes are charge conjugates of the modes below. 270 lg] (39.43+ 0.26) % S=1.2 274
37 (32514 0.29) % s=1.2 179
For decay limits to particles which are not established, see the appropriate 09 —4
72 + 1.4 )x10 257
Search setions (Massive Neutrino Peak Search Test, AD (axion), and Other Wth 7 tral d ( 28 ) ; CL=00%
Light Boson (X0) Searches, etc.). other neutral modes < 2 ° =
Charged modes
P charged modes 28.0 + 0.5 )% s=1.3 -
+ DECAY MODES i i
x Fraction (I';/T) Confidence level (MeV/c) atnx (226 + 0.4 )% S—13 174
wruy, [b]  (99.98770+0.00004) % 30 ata ™y ( 468+ 0.11)% s=1.2 236
ut vy [c] (200 025 )x10 4 30 ete y (60 + 08)x1073 S=1.4 274
et v, [B] (1.230 +0004 )x10~% 70 llj:lf’Y (31 4 04)x 10’: 253
et ey [ (161 £023 )x10-7 70 e+e < 17 x 10*6 CL=90% 274
et yen? (1.025 40034 )x10~8 4 [y (58 £ 0.8)x107 253
etveete (32  £05 )x10-9 70 eteete™ < 6.9 x 1075 CL=90% 274
etvevy <5 %1076 90% 70 atr-ete (40 F129) 1074 s=s8 235
Lepton Family number (LF) or Lepton number (L) violating modes Wi T Q’g < 20 x 10"31 236
ut T, N [ < 15 % 10-3 90% 30 ™ 7r+ ™y < 5 x 1076 CL:90:/9 174
#‘F Ve LF [d] < 8.0 %« 10~3 90% 30 e A e < 3 x 10 CL=90% 210
— ot ot —6 R .
woetety LF < 16 X 1072 90% 30 Charge conjugation (C), Parity (P),
Charge conjugation x Parity (CP), or
,G(JPC) —1-0-*) Lepton Family number (LF) violating modes
N ata~ P,CP < 33 x10™%  CL=90% 236
0.0 —4  cL_ggo
Mass m = 134.9766 = 0.0006 MeV (S = 1.1) ’3r ™ PCP < 43 1o CL*%;“ 238
_ y c < 5 x 1074 CL=95% 274
Myt — My = 4.5936 * 0.0005 Mev 470 PCP < 69 %1077 CL=90% 40
Mean “fe; :1 (84£0.6)x10 s (S =3.0) et e c m< a x10~5  CL=90% 257
cr =25.1nm wOut = c < 5 %1076 CL=90% 210
For decay limits to particles which are not established, see the appropriate ;fr e+ u et LF < 6 x10=6  CL=90% 264
Search setions (A0 (axion), and Other Light Boson (X9) Searches, etc.).
Scale factor/  p 15(600) U] [G(jPC) —o0to+H)
x0 DECAY MODES Fraction (F;/I) Confidence level (MeV/c) or o -
2y (98.798+0.032) % s=1.1 67 Mass m = (400-1200) MeV
efey ( 1.198:£0.052) % s=11 o7 Full width T = (600-1000) MeV
~ypositronium (1.82 £0.29 ) x 1079 67
etete e~ (3.14 +0.30 ) x 1075 67 " DECAY MODE .
etem (62 +05 )x10-8 67 f0(600) DEC ODES Fraction (I';/T) P (MeVjc)
4y < 2 x 1078 CL=90% 67 T dominant -
v le] < 83 x10~7 CL=90% 67 vy seen -
VeTe < 17 %1076 CL=90% 67
VuTy < 31 %1076 CL=90% 67
27 < 21 x 1070 CL=90% 67
L1247 < 6 x 1074 CL=90% 67

Charge conjugation (C) or Lepton Family number (LF) violating modes

3y c < 31 %1078 CL=90% 67
ute” LF < 38 % 10~10CL=00% 26
pet LF < 34 %1079 CL=90% 26
pte + pet LF < 172 x 1078 CL=90% 26
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1GUPC) — 1+(1— ) Trmeter <6 x1073  CL=90% 458
yete <9 x 1074 CL=90% 479
Mass m = 775.8 + 0.5 MeV oy <8 1074 =% 469
Full width T = 150.3 + 1.6 MeV 41 <5 X077 CL=90% 380
- - o9
Moo = 7.02 4 0.11 keV ete < 21 %10 CL=90% 479
Scale factor/  p Charge conjugation (C), Parity (P),
p(770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c) Lepton family number (LF) violating modes
o ~ 100 o 364 ntr pP.CP <2 % CL=90% 458
7070 PCP < 9 x10~4  CL=90% 459
p(770)* decays wlete c [ < 14 x1073  CL=90% 469
oy ( 45 £05 ) x 1074 $=22 375 nete~ c < 24 %1073 CL=90% 322
IS < 6 x 1073 CL=84% 153 3y c < 10 %1074 CL=90% 479
atatg— a0 < 20 x 103 CL=84% 254 whp— w0 c  [m< 60 x10-5  CcL=90% 445
- -5 —o0v
0 wtpn c [ < 15 %10 CL=90% 213
p(770)" decays ep LF < 47 x10—4  CL=90% 473
ata Ty (9.9 £1.6 yx 1073 362
w0y ( 6.0 £13 ) x 10—4 s=1.1 376
7y (3.0 +04 ) x 10~4 s=1.4 195 1GUPCy = ot
w0n0y ( 45 08 ) x 10-5 364
uwhp K] ( 455028  )x 1075 373 Mass m = 980 + 10 MeV
ete” K ( 467£009  )x107° 388 Full width T = 40 to 100 MeV/
ot~ 0 ( 1017854 1034) x 1074 323
: f5(980) DECAY MODES Fraction (I';/T MeV)
atr ata ( 1.8 £0.9 ) x 105 251 0(%80) raction (/) P (Mevie)
ata 7070 < 4 %1075 CL=90% 257 T dominant 471
KK seen 1
Yy seen 490
16UPG =0 )
Mass m = 782.59 + 0.11 MeV (S =1.7) - 1GUPC =10+ )
Full width ' = 8.49 + 0.08 MeV
lee = 0.60 £ 0.02 keV Mass m = 984.7 + 1.2 MeV (S = 1.5)
Scale factor/ p Full width ' = 50 to 100 MeV
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)
ata— a0 (89.1 £0.7 )% S—11 307 29(980) DECAY MODES Fraction (I';/T) p (MeVjc)
0y (8927028 % s=1.1 380 nw_ dominant 322
I KK seen i
ntm (1.70+0.27) % S=1.4 366
Yy seen 492
neutrals (excluding7®+) (14 750y x1073 -
ny (49 405 )x10 4 200 G/ PC o
nlete (5.9 +£1.9 ) x10~4 380 17(7) =0"(1 )
0+ - 5
THTH (96 £23 )x10 > 349 Mass m = 1019.456 & 0,020 MeV (S = 1.1)
€ oo (7142013 x 10 S=11 w9 Full width T = 4.26 = 0.05 MeV (S = 1.7)
T < 2 % CL=90% 262
+ - -3 __9EY, Scale factor/ P
atay < 36 x 10 CL=95% 366 ) ¢
at et <1 ©10-3  CL—90% 256 $(1020) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
w070y (6.7 1.1 )x 1075 367 K+ K~ (491 06 )% s=12 127
nnly < 33 x1075  CL=90% 162 KO KS (340 05 )% s=1.1 110
whp (9.0 £31)x1075 377 pm + ata a0 (154 £05 )% 5=1.3 -
3y < 19 x 1074 CL=95% 391 ny (1.20540.025) % s=1.1 363
0 -3
A A w0y (123 +£0.10 ) x 10 501
. Charge conjugation (C) violating modes ete (298 4004 )x10 4 s=11 510
nm c <1 x1073  CL=90% 162 wtue ( 285 +0.19 ) x 10~ 499
0 4 - : )
37 c <3 x 10 CL=90% 330 nete- (115 4010 ) x 104 363
L (73 +13 )x1075 490
/G(JPC) =0t~ 1) wn® (5.2 f%% ) x 1073 172
wy < 5 % CL=84% 209
Mass m = 957.78 + 0.14 MeV 07 < 12 10 5 CL=90% 215
Full width ' = 0.202 £ 0.016 MeV (S = 1.3) s ™y (41 +13 )x1075 490
Scale factor/  p £0(980) y (440 £0.21 )x10 4 39
' (958) DECAY MODES Fraction (I';/T) Confidence level (MeV/c) w00y (1.09 £0.06 ) x 1074 492
atz—ng (44.3 +£15 )% s=12 232 atr—ata— (39 28 )x10 6 410
% (including non-resonant (295 +1.0 ) % s=1.2 165 rtatr— = a0 < 46 % 10—6 CL=90% 312
0 7{) T 7) nlete~ (112 +£0.28 ) x 1073 501
w0x0n (209 £12 )% S=1.2 239 07y (83 <05 )x10-5 346
w7y (13.03£0.31) % 159 20(980)y (76 +06 )x105 34
0 _
pgA (212£01H% - S=13 419 7'(958)y (62 +07 )x10-5 s=11 60
375r B ( 1.56£0.26) x 1074 430 070y < 2 % 10-5 CL=90% 293
LA ( 1.0440.26) x 10 ) 467 wtuy (14 405 )x10-5 499
o <5 % ClL=90% 428 1Y <s x10 4 cL=90% 215
Tp < 4 % CL=90% 110 nrta~ < 18 %1075 CL=90% 288
+at _ : B
T <1 % CL=90% 372 n#+#— < 94 %« 10 6 CL=90% 321
ot 7t~ 77 neutrals <1 % CL=95% -
atata= o= a0 <1 % CL=90% 298
6m <1 % CL=90% 211
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0 —4 909
Gy PCy _ n—(1 4 — 4 <7 x 10 CL=90% 568
hy(1170) 19Uty =0"a17") . (52 +16 )% 482
Mass m = 1170 + 20 MeV a0(980) 7 [ignoring ag(980) — (36 +7)% 234
Full width T = 360 + 40 MeV KK]
nn [excluding ag(980) ] (16 +7 )% 482
hy (1170) DECAY MODES Fraction (I';/T") p (Mevjc) KKm_ (9.0 0.4) % S=1.1 308
K K*(892) not seen t
pm seen 307 5p° (55% 1.3)% s=28 406
oy ( 7.4+ 2.6)x 104 236
by(1235) 16(JPCy =1t + )
Mass m = 1229.5 £ 3.2 MeV (S = 1.6) n(1295) 16UPC =0t (0~ )
Full width I = 142 + 9 MeV (S = 1.2)
Mass m = 1294 + 4 MeV (S = 1.6)
p .
by (1235) DECAY MODES Fraction (T;/F)  Confidence level (MeV/c) Full width I = 55 £ 5 MeV
wm dominant 348 1295) DECAY MODES Fraction (/T MeV)/
[D/S amplitude ratio = 0.277 + 0.027] n(1255) raction (/1) P (Mevo
afy ( 1.6+0.4) x 103 607 nrta seen 487
np seen t ap(980) seen 244
7r+lJr a— a0 < 50 % 84% 535 nr0x0 seen 490
(KK)Ex0 <8 % 90% 248 n(77)s-wave seen -
KLKYnt < 6 % 90% 235
KIKQ 7t <2 % 90% 235
shs G yPCy —1—(@— +
o < 15 % 84% 147 ‘”(1300) 12U =17(0 )
Mass m = 1300 % 100 MeV ["]
31(1260) [m] /G(JPC) -1 ath Full width T' = 200 to 600 MeV
Mass m = 1230 + 40 MeV [n] «x(1300) DECAY MODES Fraction (I';/T) p (MeVfc)
Full width ' = 250 to 600 MeV pT seen 404
™ (77)s-wave seen -
31(1260) DECAY MODES Fraction (I'j/T) p (Mevjc)
(PT)s—wave seen 353 32(1320) ,G(JPC) =17(2 + +)
(P™)D-wave seen 353
(p(1450)T) s _wave seen T Mass m = 1318.3 & 0.6 MeV (S = 1.2)
(p(1450)7) p_wave seen Full width I = 107 + 5 MeV [7]
o seen - Scale factor/ P
5(980) 7 not seen 189 3,(1320) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
fo(1370)7 seen - p (701 2.7 )% S=1.2 416
f2(_1370)7r seen t 0 (145 £1.2 ) % 535
KK*(892)+ c.c. seen t waT (10.6 +£3.2 ) % S=13 366
) seen 608 KK (49 £0.8)% 437
7'(958) T (53 409 )x1073 288
Gy PCY _ ot ++ Ey (268+0.31) x 1073 652
$(1270) PUTHy =07@ ) % (9.4 +0.7 ) x107© 659
Mass m = 1275.4 £ 1.2 MeV [ <8 % CL=90% 621
Full width I = 185.13% MeV (S = 1.5) ete” < x1079  CL=90% 659
Scale factor/ P
,(1270) DECAY MODES Fraction (I';/T) Confidence level (MeVjc) 6(1370) n IG(JPC) — 0+(0 + +)
s (848 T23)% $=13 623
’ Mass m = 1200 to 1500 MeV
atr—2n0 (71 T35 )% s=13 563 Full width T = 200 to 500 MeV
KK (46 +0.4)% s=27 404
ot o (28 £0.4 )% S—12 559 fp(1370) DECAY MODES Fraction (I';/T) p (MeVjc)
nn (45 +1.0)x1073 S=2.4 327 . seen _
470 (3.0 £1.0 ) x 1073 565 4 seen _
B ( 1.41£0.13) x 1072 638 470 seen _
nmw < 8 x1073  CL=95% 478 ot o~ seen -
KOK— 7t + cc. < 3.4 %1073 CL=95% 293 at om0 seen -
ete” <6 x 10710 cL=90% 638 op dominant -
2(77)s-wave seen -
G/ PCY _ ndrq 4+ (1300) seen -
ﬁ(1285) 17U7) =0t ) a1(1260) 7 seen -
Mass m = 1281.8 + 0.6 MeV (S = 1.6) M seen -
. _ _ KK seen -
Full width T = 24.1 £ 1.1 MeV (S =1.3)
kel seen -
Scale factor/ P ete— not seen _
f;(1285) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)
47 @1t 2% s=13 568
a0 rt = (220% 14 % s=13 566
2nton— arot 57y % s=13 563
Prta ot 3% s=13 336
ﬂo po seen T
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[o] Gy PCy _ 1—(1 —+ np <4 % 310
7r1(1400) PUTH =170 ) a»(1320) 7 not seen 55
- om <1 % 360
Mass m= 1376 + 17 MeV KK <1.6 x 1073 95% 541
Full width I' = 300 + 40 MeV ny possibly seen 630
x7(1400) DECAY MODES Fraction (I';/T) p (MeVjc)
7)7r0 seen 570 11(1475) ol IG(JPC) _ 0+(0 — +)
N seen 569 was 1(1440)
Mass m = 1476 £ 4 MeV (S = 1.4)
7(1405) ! G(JPCy _ gtg—+ Full width T = 87 £ 9 MeV (S = 1.6)
() =07(0"T)
was 17(1440)
1475) DECAY MODES Fraction (I';/T MeV)/
Mass m = 1410.3 + 2.6 MeV [l (5 = 2.2) n147s) raction ©/D p (M1ev)
Full width I = 51 + 4 Mev [ (S = 2.2) KKm dominant 477
K K*(892)+ c.c. seen 245
7(1405) DECAY MODES Fraction (F;/T) p (MeVic) 2(980)m seen 393
— Yy seen 738
KKm seen 425
nww seen 563
a0(980) seen 342 1(1500) [°] 16(JPCy = ot (0 + )
7 (77)s-wave seen -
(980)n seen i Mass m = 1507 £ 5 MeV (S = 1.2)
dm seen 639 Full width I = 109 + 7 MeV
K*(892) K seen 127 p
fp(1500) DECAY MODES Fraction (I';/T) Scale factor (MeV/c)
£,(1420) [ 16UPCy =0t + ) nn'(958) (1.9+0.8) % 17 34
nn (5.1£0.9) % 1.4 518
Mass m = 1426.3 £ 0.9 MeV (S = 1.1) 4”4 0 (49.5%33) % 12
Full width T = 54,9 + 2.6 MeV o seen 692
21T 27 seen 688
£,(1420) DECAY MODES Fraction (I;/T) p (Mevjo) ™. (34.9+2.3) % 12 ;ﬁ
— T seen
K K7r_ dominant 438 270 seen 741
K K*(892)+ c.c. dominant 163 KK (8.6+1.0)% 1.1 569
nwmw possibly seen 573 ¥y not seen 754
oy seen 349
f1(1525 16(PC) = ot ++
w(1420) 1" 16(PCY = 0=(1— ) 2(1525) () ( )
= [n]
Mass m (1400-1450) MeV I“E"jfivz . #5357;56 “:Aee\\// ]
Full width I (180-250) MeV U5
w(1420) DECAY MODES Fraction (I;/T) p (Mevj) f3(1525) DECAY MODES Fraction (T;/T) P (Mevic)
o dominant 488 KK (88.8 +£3.1 )% 581
o seen _ nn (103 +3.1 )% 530
by (1235) 7 seen _ T (82 £15)x1073 750
ete— seen _ %1 ( 1.11+0.14) x 1076 763
ag(1450) 1 1IGUPCYy =1=(0+ ) m1(1600) [°! 16UPGY =11~ )
_ +25
Mass m = 1474 + 19 MeV Mass m = 1596 -3 WeV
Full width T = 265 =+ 13 MeV Full width I = 312153 Mev (S = 1.1)
a9(1450) DECAY MODES Fraction (I;/T) p (MeVjc) x1(1600) DECAY MODES Fraction (T';/T) p (MeVjo)
n seen 627 T seen 769
7r7i(958) seen 410 ks seen 600
KK seen 547 £(1270) 7~ not seen 259
wmrT seen 484 n'(958) 7~ seen 497
p(1450) [s] 1I6(PC) =1t ) 72(1645) 16(JPCy = ot(2 =)
M = 1617 £ 5 MeV
Mass m = 1465 & 25 MeV 1 Full it 131 = 11 Mev
Full width I = 400 = 60 MeV ["] -
p 1645) DECAY MODES Fraction (I';/T MeV)/
£(1450) DECAY MODES Fraction (F;/T)  Confidence level (MeVjc) m(1645) raction (T/1) P (Mevio
a>(1320) ™ seen 242
Z”r seen 720 KKm seen 580
g Seenn . 669 K*K seen 404
+W7£ <20% 95% 51§ 7]7r+7r’ seen 685
e e seen & ap(980) seen 496
£(1270)n not seen t
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w(1650) [1

G(PCy _ g—(1— —
was w(1600) U =0T

Mass m = 1670 £ 30 MeV
Full width ' = 315 + 35 MeV

p(1700) i

Mass m = 1720 + 20 MeV 7]
Full width I = 250 + 100 MeV [l

IG(JPC) =1ta—)

(np° and 7 7~ modes)
(np° and =T 7~ modes)

p(1700) DECAY MODES Fraction (I';/T) p (MeVc)
w(1650) DECAY MODES Fraction (I';/T) p (MeVjc)
2zt aT) large 803
pT seen 646 prm dominant 653
wTT seen 617 pO rta— large 650
wJ’rq B seen 500 pi 7F 70 large 651
ere seen 835 a1 (1260) seen 404
hi(1170) 7 seen 447
e w(1300) seen 349
w3(1670) 16UPC =0-3— ) op o o
Mass m = 1667 + 4 MeV rta seen 849
Full width I = 168 £ 10 MeV ["] L seen 849
K K*(892)+ c.c. seen 496
w3(1670) DECAY MODES Fraction (I';/T) p (MeV/c) np seen 544
ap(1320) 7 not seen 334
pm seen 645 KK seen 704
WwTT seen 615 ete— seen 860
b1(1235)m possibly seen 361 Ow seen 674
7r2(1670) /G(JPC) =172~ f0(1710) [u] ’GUPC) =0T+
Mass m = 1672.4 = 3.2 MeV ["] (S = 1.4) Mass m = 1714 + 5 MeV
Full width I = 259 + 9 MeV [ (S =1.3) Full width T = 140 = 10 MeV (S = 1.2)
p
%,(1670) DECAY MODES Fraction (I';/T) Confidence level (MeVjc) #(1710) DECAY MODES Fraction (T;/T) p (MeV/e)
3 (95.8+1.4) % 809 KK seen 701
£(1270)® (56.2+3.2) % 329 nn seen 659
pm (31 +4 )% 648 T seen 846
o (10.9+3.4) % -
(77)s-wave (87+34)% -
KK*(892)+ c.c. (42+1.4)% 455 m(1800) 16UPCY =1—(0— )
wp (2.7+1.1)% 303
p(1450) 7 < 36 x 1073 97.7% 148 Mass m = 1812 + 14 MeV (S = 2.3)
by (1235) 7 < 19 x 1073 97.7% 366 Full width I = 207 & 13 MeV
x(1800) DECAY MODES Fraction (I;/T) p (MeVjc)
$(1680) 1I6UPCY =0—1 ) — !
Tt w seen 879
Mass m = 1680 + 20 MeV [] fo(600) 7~ seen -
Full width I = 150 + 50 MeV "] (980) 7~ seen 631
fy(1370) 7~ seen -
$(1680) DECAY MODES Fraction (T;/F) p (MeV/c) fo(1500) 7~ not seen 248
— " P not seen 732
KOK*(892)+ c.C. dominant 462 T seen 661
KsKm seen 621 ap(980)n seen 469
K+K7 seen 680 fo(1500) 7~ seen 248
ere seen 840 nn'(958) 7~ seen 376
WTT not seen 623 Ka(1430) K- seen T
K*(892) K~ not seen 570
p3(1690) 16UPC) =13 7)
¢3(1850) 16(PC) =0=(37 ")
Mass m = 1688.8 + 2.1 MeV [l Mass m = 1854 & 7 MeV
Full width I = 161 + 10 MeV [l (S = 1.5) Full width T = 87738 MeV (S =1.2)
p
p3(1690) DECAY MODES Fraction (I';/T) Scale factor (MeVjc) $3(1850) DECAY MODES Fraction (;/T) p (MeVjc)
4 (711 £ 1.9 )% 790 KK seen 785
= ataal (67 +2 )% 787 KK*(892)+ c.c. seen 602
wr (16 +6 )% 655
Lz (236 + 1.3)% 834
KKm (38 +£12)% 629
KK (1.58+ 0.26) % 1.2 685
7)‘fr+ T seen 727
p(770)n seen 520
TP seen 633
Excluding 2p and a,(1320) .
a,(1320) 7 seen 307

pp seen 333
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£,(1950) 16(JPCy = ot 2+ )
Mass m = 1945 + 13 MeV (S = 1.6)
Full width T = 475 + 19 MeV

f,(1950) DECAY MODES Fraction (I';/T) p (MeVjc)
K*(892) K*(892) seen 389
T seen 963
4m seen 925
nn_ seen 804
KK seen 838
ol seen 973
£,(2010) 16(JPCy = ot 2+ +)
Mass m = 20111“28 MeV
Full width ' = 202 &+ 60 MeV
£,(2010) DECAY MODES Fraction (I;/I) p (MeVjc)
(030} seen t
24(2040) 16UPCy =1—@a+ )
Mass m = 2010 + 12 MeV
Full width ' = 353 & 40 MeV
3,4(2040) DECAY MODES Fraction (I';/T) p (MeV/c)
KK seen 875
ata=xl seen 981
pT seen 849
£(1270) 7 seen 590
70 seen 925
7'(958) 7 seen 769
2050) 16(PC) =0t @t
Mass m = 2034 + 11 MeV (S = 1.6)
Full width I =222 £ 19 MeV (S = 1.8)
f4(2050) DECAY MODES Fraction (I';/T) p (MeVjc)
ww not seen 650
T (17.0£1.5) % 1008
KK (68734 x10-3 889
nn (2.1£0.8) x 1073 857
470 < 12 % 972
ay(1320) 7 seen 579
£(2300) 16UPCY = ot2+ )
Mass m = 2297 + 28 MeV
Full width ' = 149 + 40 MeV
£,(2300) DECAY MODES Fraction (I;/F) p (MeVv/c)
(2 seen 529
KK seen 1037
b %% seen 1149
(2340) 16(UPCy = ot (2 ++)
Mass m = 2339 + 60 MeV
Full width I = 319780 Mev
f(2340) DECAY MODES Fraction (I;/I) p (Mevjc)
(030} seen 573

STRANGE MESONS
(S==+1,C=B=0)

Kt =u5, KO = d5, KO = ds, K~ =Ts, similarly for K*'s

1UP) = 3(07)

Mass m = 493.677 + 0.016 MeV [V (S =2.8)
Mean life 7 = (1.2384 + 0.0024) x 10~% s (S = 2.0)
cr =3.713m

Slope parameter g [V

(See Particle Listings for quadratic coefficients)
Kt — atatr™ = —0.2154 £ 0.0035 (S = 1.4)
K= — a-n~at =-0217 £ 0.007 (S = 2.5)
K* — 7%7970 = 0.638 £ 0.020 (S = 2.5)
K* decay form factors [2:X]
Assuming p-e universality
Ay (Kih) = Ay (KG) = (2.78 £ 0.07) x 1072 (S = 1.5)
Ag(K}i3) = (L77 £ 0.16) x 1072 (S = 1.5)
Not assuming p-e universality
A (Kf) = (277 £ 0.05) x 1072
/\+(K:[3) =(2.84 +0.27) x 1072 (S =1.8)
/\O(K;g) = (1.74 £ 0.22) x 1072 (S =1.8)
K& fs/fe] = (—03158) x 1072
K& |fr/fi] = (-12£23) x 1072
Kty |fs/fy| = (0.2 + 0.6) x 1072
Kby |fr/fy] = (-0.1+0.7) x 1072
K+ = etvey |Fa+ Fy|=0.148 % 0.010
K* = pFv,y |Fa+ Fy|=0.165 + 0.013
Kt — efvey |[Fa— Fy| < 049
K+t — ptv,y |Fa— Fy| = —0.241t00.04, CL = 90%
Charge Radius
(ry = 0.560 =+ 0.031 fm
CP violation parameters

A(wa) = -0.02 £ 0.12

T violation parameters

K+ — %%y, Pp=(-4£5)x1073
Pp = (0.6 £ 1.9) x 102
K+ = a%%p, Im(¢) = —0.014 £ 0.014

KT — /J.+II‘L7

K~ modes are charge conjugates of the modes below.

Scale factor/

p
K+ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

Leptonic and semileptonic modes

et e (155 £0.07 ) x 1075 247
wt oy, (63.43 £0.17 )% s=1.2 236
et e (487 +0.06 )% s=1.2 228
Called K.
™ puty, (3.27 £0.06 ) % s=1.2 215
+
Called Ku3.
w0r0et v, (21 404 )x10 5 206
atr et v, (4.08 £0.09 ) x 10~5 203
rtampty, (14 409 )x107° 151
07070 et v, < 35 %1076 CL=90% 135
Hadronic modes
at a0 (21.13 +0.14 ) % s=1.1 205
at 070 (173 +0.04 )% s=1.2 133
atata= ( 5.576+0.031) % s=1.1 125
Leptonic and semileptonic modes with photons
whoyy vzl (550 £0.28 ) x 1073 236
et vey vzl (265 £0.20 ) x 10~4 228
70 et vey(SD) [aa] < 53 x 105 CL=90% 228
O uty,y Wz < 6.1 %1075 CL=90% 215

00 et vey <5 x 1076 CL=90% 206
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Hadronic modes with photons

Modes with photons or £Z pairs

ataly vzl (275 £0.15 ) x 1074 205 ata=y [yl ( 1.794£0.05) x 1073 206
atx0~(DE) [zbb] (44 +08 )x1076 205 atr~ete” ( 4.69+0.30) x 1073 206
7Ha0q0y bl (74 55 )x1076 133 Oy [ff] (49 £1.8)x10~8 231

o : 4 P ( 2.80£0.07) x 107© 249
Tty [vz] ( 1.04 £0.31 ) x 10 125
atyy [] (110 £0.32 ) x 1076 227 Semileptonic modes
at3y [z] < 1.0 %1074 CL=90% 27 rteFu, lgg] (6.9 +0.4)x10~4 229

Leptonic modes with £Z pairs CP violating (CP) and AS = 1 weak neutral current (S1) modes
etvevy < 6 x 1073 CL=90% 247 370 cp < 14 x1075  CL=90% 139
pru,vw < 6.0 %1076 CL=00% 236 wtp~ s1 < 32 x1077  CL=90% 225
etveete” (2.48 £0.20 ) x 1078 247 ete 1 < 14 x10~7  CL=90% 249
pryete” (7.06 £0.31 ) x 1078 236 Oete s (30 +15)x1079 231
etveutu~ <5 x10~7 CL=90% 223 -
prvpt T < 41 % 10~7 CL=90% 185
Lepton Family number (LF), Lepton number (L), AS = AQ (SQ) K9 10P) = 3(07)
violating modes, or AS = 1 weak neutral current (S1) modes

atate v, 5Q < 12 %108 CL=90% 203 Mk, — MK
mtatp o, 5Q < 30 %1076 CL=95% 151 = (0.5292 + 0.0010) x 10'° s~! (S =1.2) Assuming CPT
ntete” s1 (2.88 +0.13 ) x 1077 227 = (3.483 + 0.006) x 10712 MeV ~ Assuming CPT
Tt s1 (81 +14 )x1078 s=27 172 = (0.5290 + 0.0016) x 101 As~1 (S =1.2) Not assuming
atvw s1 (16 *38 )x10-10 27 CPT
N s < 43 <105 CL_o50% 205 Mean life 7 = (5.18 + 0.04) x 1078 s (S =1.1)
pvetet LF < 20 %1078 CL=90% 236 cr =15.51m
uhve LF  [d < 4 x 1073 CL=90% 236 Slope parameter g (]
atpte” LF < 28 x 10711 CL=90% 214 R ) -
et LF < 52  10-10CL—00% 214 (See Particle Listings for quadratic coefficients)
- ptet L < 50 x10-10cL=00% 214 K9 -tz x0 = 0678 £0.008 (S=15)
retet L < 64 x 10~ 10cL=90% 227
o ptpt L [d< 30 %109 CL=90% 172 Ky decay form factors [
utoe L [d] < 3.3 %1073 CL=90% 236 Assuming p-e universality
Wiﬁ Ve L <3 * 10:3 cL=o0% 228 Ay (KD3) = A4 (KQ3) = 0.0300 £ 0.0020 (S = 2.0)
aty lec] < 3.6 x10~7 CL=90% 227

Ag(KY3) = 0.030 £ 0.005 (S = 2.0)

Not assuming p-e universality
A4 (K9;) = 0.0291 £ 0.0018 (S = 1.5)
/\+(K23) =0.033 £ 0.005 (S =2.3)
Ag(KG3) = 0,027 £ 0.006 (S = 2.3)

1Py =307

50% Ks, 50% K|
Mass m = 497.648 £ 0.022 MeV

Myo — My = 3.972 £ 0.027 MeV (S = 1.2) o e ) \
.04, CL =
Mean Square Charge Radius e Ifs/s| < 004.C 68?
(P) = ~0.076 + 0.018 fm? (S = 1.1) Kgs |fr/fi| < 0.23, CL = 68%
KO, |fr/fi| = 0.12 + 0.12
T-violation parameters in K9-K? mixing [] K"3 | :/ +
Asymmetry At in KO-KO mixing = (6.6 + 1.6) x 10~3 Lo oeTe 7 e = 0332005
L 1 K — whtpy a,e. = —0.158 + 0.027
CPT-violation parameters i
Re§ = (2.9 +2.7) x 1074 Ki— efemefem: off = 0144022
Im § = (0.02 % 0.05) x 103 K, — wta~ete : aj/ap = —0.734 + 0.022 GeV?
|mgo — mzo| / Maverage < 10718, CL = 90% (4] K. — w02y ay =—-054+012 (S=28)
(Mo — T%0)/Maverage = (8 £ 8) x 10718 L
CP-violation parameters [¢¢]
6, = (0.327 + 0.012)%
K% 14P) = 4(07) moo| = (2.276 £ 0.014) x 1073
Mean life 7 = (0.8953 % 0.0006) x 107105 (S = 1.4) Assum- |ns—| = (2.288 £ 0.014) x 1073
ing CPT |e] = (2.284 % 0.014) x 1073
B — —-10 —
Mean life 7 = (0.8958 4 0.0006) x 10 s (S=1.2) Not ‘7]00/"+7| = 0.9950 = 0.0008 [ (S = 1.6)

assuming CPT

_ —3 [hn _
cr =2.6842 cm  Assuming CPT Re(e'/€) = (1.67 + 0.26) x 1072 [M (s = 1,6)
CP-violation parameters (el Assuming CPT
Im(74_g) = —0.002 % 0.009 b4 = (43.52 £ 0.06)° (S = 1.3)
Im(nog) = —0.05 + 0.13 o0 = (43.50 £ 0.06)° (S = 1.3)
CPasymmetry Ain 7tr ete =(-1+4)% de=0sw = (43.51 £ 0.05)° (S =1.2)

Scale factor/

p
Kos DECAY MODES Fraction (I';/T) Confidence level (MeVjc)

Hadronic modes
070 (31.05£0.14) % S=11 209

atr (68.95+0.14) % s=11 206
atr— 0 (32 112 )x1077 133
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Not assuming CPT
by =(434+07)° (S=13)
doo = (43.7£0.8)° (S=1.2)
¢ = (435 + 0.7)° (S=13)

CPasymmetry Ain K —» ntr ete =(138+22)%
Bcp from K§ — ete ete™ = —0.23 £ 0.09
Yep from KY — ete"ete™ = —0.09 + 0.09
jfor K¢ —» xt7= 20 =0.0012 £ 0.0008
ffor K — 7+~ x0 = 0.004 £ 0.006
[n4—y| = (2.35 + 0.07) x 1073
Gy = (44 £ 4)°
€, _,|/e < 0.3, CL=90%
T-violation parameters
Im(€) in K?ﬂ = —0.007 + 0.026
CPT invariance tests
$oo — ¢4+ =(02 i60-4)°
Re(3n+— + jmoo)—# = (—3+35)x 107°
AS = —-AQin K}; decay
Re x = —0.002 %+ 0.006

Im x = 0.0012 £ 0.0021
Scale factor/ P

K‘Z DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Semileptonic modes
rtetu, leg] (38.81 £0.27 )% S=1.1 229
Called KY;.
Ty, lgg] (27.19 +0.25 ) % s=1.1 216
0
Called Ku3'
(7 patom)v (1.06 +0.11 ) x 107 188
wOnteFy lgg] (518 £0.29 ) x 10~5 207
Hadronic modes, including Charge conjugation x Parity Violating (CPV) modes
370 (21.05 £0.23 ) % S=1.1 139
ata=xl (12,59 £0.19 ) % S=16 133
atr~ cPv (2.0900.025) x 1073 S=1.1 206
w070 cPv (932 £0.12 ) x 1074 s=1.1 209
Semileptonic modes with photons
ateFuey lvggiil (353 £0.06 ) x 10~3 229
¥,y (57 *38 )x10-4 216

Hadronic modes with photons or £Z pairs

*(892) 1UP) = 107)
*(892)% mass m = 891.66 + 0.26 MeV
*(892)% mass m = 896.10 + 0.27 MeV (S = 1.4)
*(892)* full width I = 50.8 + 0.9 MeV
*(892)0 full width [ = 50.7 = 0.6 MeV (S = 1.1)

X XXX

P
K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Kr ~ 100 % 289
KOy ( 2.30+0.20) x 103 307
Kty (9.9 0.9 )x10~4 309
Krm < 7 x 1074 95% 223

1UP) = 10h)

Mass m = 1273 + 7 MeV [l
Full width T = 90 + 20 MeV [7]

Ky (1270) DECAY MODES Fraction (F;/T) p (Mevjc)
Kp 42 6 )% 43
K5(1430) 7 (28 +4 )% i
K*(892)m (16 +5 )% 302
Kw (11.0£2.0) % 1
K fy(1370) (3.0£2.0)% -
yKO seen 539
K1(1400) 1Py = 3ah)

Mass m = 1402 £ 7 MeV

Full width T = 174 £ 13 MeV (S = 1.6)
Ky (1400) DECAY MODES Fraction (F;/T) p (Mevyc)
K*(892)m (94 +6 )% 402
Kp (3.0£3.0)% 292
K f5(1370) (2.0£2.0)% -
Kw (1.0£1.0)% 284
K5 (1430) 7 not seen t
yKO seen 613

1Py = 307)

Mass m = 1414 £ 15 MeV (S = 1.3)
Full width ' = 232 £ 21 MeV (S = 1.1)

P
Confidence level (MeVjc)

K*(1410) DECAY MODES Fraction (I';/T)

w070y < 56 % 10~6 209
atry Wil (439 £0.12 )x107% s=18 206
02y [i] (141 £012)x1076 s=28 231
wOyete (23 04 )x1078 231
Other modes with photons or £ pairs
2y (5.90 £0.07 )x 1074  s=11 249
3y < 24 x10~7 CL=90% 249
ete y (10.0 £05 )x 107 s=15 249
whp=y (359 £0.11 )x10~7  $=13 225
ete vy [i] (595 +£0.33 )x 107 249
wruTyy M (10 38 )x10-8 225
Charge conjugation x Parity (CP) or Lepton Family number (LF)
violating modes, or AS = 1 weak neutral current (51) modes

whp= s1 (7.27 £0.14 ) x 1072 225
ete” s1 (o I Hxwo12 249

tr-eter S1 [il] (311 £0.19)x1077 206
wO0n0et e~ s1 < 6.6 %1079 CL=90% 209
utuete s1 (269 £0.27 ) x 1079 225
ete ete™ s1 (3.75 £0.27 ) x 108 249
wOut = CP,S1 [jj] < 3.8 x 10~10CL=00% 177
wlete CP,SI [jj] < 5.1 x 10 10cL=90% 231
%7 CP,S1[kk] < 5.9 x10=7 CL=90% 231
et uF LF  [gg] < 47 % 10712CL=90% 238
efet FuF LF  [gg] < 412 x 10~11cL=90% 25
w0 pute¥ LF  [gg] < 6.2 %1079 CL=90% 217

K*(892)m > 40 % 95% 410
Kr (6.6+£1.3) % 612
Kp < 7 % 95% 305
7KO seen 619
K2(1430) 1 10P) = 30%)

Mass m = 1412 £ 6 MeV

Full width ' = 294 + 23 MeV
Ka(l430) DECAY MODES Fraction ([';/T) p (MeVc)
Km (93+10) % 611

5(1430) 1Py = 1(2™)
K3(1430)* mass m = 1425.6 + 1.5 MeV (S = 1.1)
3(1430)° mass m = 1432.4 + 1.3 MeV

%(1430)*F full width [ = 98.5 +2.7 MeV (S = 1.1)
K3(1430)° full width T = 109 + 5 MeV (S = 1.9)

Scale factor/ P

K5(1430) DECAY MODES Fraction ([';/T) Confidence level (MeVc)

K= (49.94+1.2) % 619

K*(892)m (24.7+1.5) % 419

K*(892)mm (13.4£22) % 372
)

Kp (8.7+0.8) % S=1.2 318
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Kw (2.9+0.8) % 311
Kty (2.4405)x 1073 s=1.1 627 CHARMED MESONS
Kn (15%38) x 1073 s=13 486 (C= + 1)
Kwm < 72 x 1074 CL=95% 100 S 0~ 0 = e = - o
Ko,y <9 104 CL=90% 626 D™ =cd, D” = cu, D =cu, D~ =7¢d, similarly for D*'s
K*(1680 1Py = 30~ D* 1Py = %007)
2
Mass m = 1717 + 27 MeV (S = 1.4) Mass m = 1869.4 & 0.5 MeV (155: 1.1)
Full width I = 322 & 110 MeV (S = 4.2) Mean life 7 = (1040 & 7) x 107 s
cr = 311.8 um
K*(1680) DECAY MODES Fraction (I';/T) p (Mevyc) c-quark decays
K (38.742.5) % 701 M(c — £*tanything)/T(c — anything) = 0.096 + 0.004 [°°]
Kp 314+47) o 570 I(c — D*(2010)*anything)/T(c — anything) = 0.255 + 0.017
4T3 %
K*(892 422 CP-violation decay-rate asymmetries
2y
(892)m (29:9237) % 618 Acp(KYn%) = —0.016 % 0.017
Acp(KEK*) = 0.07 £ 0.06
K~ 7*) = 0.002 + 0.011
[mm] 1(JPY = 10— Acp(K ) = 0. :
K(1770) 1) =3@7) Acp(KEK*0) = —0.02 + 0.05
Mass m = 1773 + 8 MeV Acp(¢7E) = —0.014 + 0.033
Full width I = 186 + 14 MeV Acp(rta—rt) = =0.02 + 0.04
+ K 0o+
Ko(1770) DECAY MODES Fraction (T;/F) p (MeVvjc) D¥ — K*(892)"£* vy form factors
P _— r, =162+008 (S=15)
K3(1430)7 dominant 288 r2 = 0.83 + 0.05
r;=0.0% 0.4
K*(892)w seen 654
K £,(1270) seen 53 y/Tr=113+0.08
Ko <een n F/T_=022+006 (S=16)
Kw seen 607 D~ modes are charge conjugates of the modes below.
Scale factor/ P
K;(1780) /(JP) _ %(3_) Dt DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
_ _ Inclusive modes
Mass m= 1776 £ 7 MeV (S =1.1) e+anything (172 + 19 )% _
Full width I = 159 + 21 MeV (S = 1.3) K- anything (275 + 24 )% _
3 KCanything + K%anything 61 +8 )% -
K;(lno) DECAY MODES Fraction (I';/T) Confidence level (MeVjc) K+ anything (55 + 1.6 )% -
Kp (1 +9 )% 613 n anythi_ng [pp] < 13 % CL=90% -
K*(892) (20 £5 )% 656 ¢ anything ) < 138 % CL=90% -
Kr (18:8+ 1.0) % 613 ¢eT anything < 16 % CL=90% -
Kn (30 £13 )% 719 Leptonic and semileptonic modes
K3(1430) 7 <16 % 95% 291 n 17 4
wt v, (8 T yx10 932
K4+, lgq] (68 + 0.8)% 868
Ky(1820) [ 1Py = 127) Kot v, (67 +09)% 868
Kouty, (70 730y 865
Mass m = 1816 = 13 MeV. " L ’
Full width [ = 276 + 35 MeV K- ntetre (45 % 53)% S=L1 863
K*(892)%€et v, (37 +05)% 722
K(1820) DECAY MODES Fraction (I'j/T) p (MeVic) x B(K*(892)° — K—xt)
K3(1430) 7 seen 17 f(’+w++e+ue nonresonant <7 x1073 CL=90% 863
K*(892) seen 681 KJ: m 16 . ( 4.00+ 0.32) % 851
K £,(1270) seen 185 K (892L# Vy (37 £03)% 717
Kw seen 638 x B(K*(892)% —» K—=T)
K~ 7+ puF v, nonresonant (33 £ 1.3)x1073 851
(K*(892)7)0etve < 12 % CL=90% 712
K3%(2045) 1(JP) = L) (K7m)? et venon-K*(892) <9 %1073 CL=90% 846
K-atalputy, < 17 x 1073 CL=90% 825
gjfswﬂtf r?%swisgihgvaeg/s -t LA [l (3.1 £ 15)x1073 930
Fractions of some of the following modes with resonances have already
K7(2045) DECAY MODES Fraction (';/T) p (MeVyc) appeared above as submodes of particular charged-particle modes.
Kn (9.941.2) % 958 K*(892)°¢F vy lgq] ( 5.73% 0.35)% 722
K*(892) 7 © +5)% 802 5*(892)2 et ve (55 % 07)% s=1.4 722
K*(892)r (7 +5 )% 768 _ K*(892)°utw, (55 +04)% 77
pKT (5.7+£3.2) % 741 51(1270)0uJr vy < 4 % CL=95% 493
wKm (5.0+3.0) % 738 K3(1430)% it v, < 10 % CL=95% 380
oKT (2.8+1.4) % 594 Petve (25 + 1.0 )x 1073 774
HK*(892) (1.4£0.7) % 363 Puty, (34 + 08)x1073 769
petve < 209 % CL=90% 657
dutv, < 372 % CL=90% 651
Ty, <5 x 1073 CL=90% 854
7'(958) ut v, < 11 % CL=90% 684
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— Hadronic modes with a K or KKK K*(892)°xt xT 7 no-p (44 + 1.7 )x 1073 645
KOrt (2.82+ 0.19) % 862 K= pPatat ( 1.94+ 0.35) x 1073 524
K;7r+7r+0 . [ss] (92 % 06)% 845 K*(892)° a3 (1260)* (91 + 1.9 )x1073 t

K*(892)° (1.30+ 0.13) % 714

x B(K*(892)° — K—xt) ‘o Pionic modes s
K5(1430)07F (23 +£03)% 382 e (26 £ 07> 1077 925
% B(R:(1430)0° — K—+) whrt (31 £ 04)x 10*3 908
_ o 22 4 0.5 ) x 10~ -
K*(1680)0 7t (38 + 08)x10"3 58 0+ ( 105+ 0 18) " 10-3 66
x B(K*(1680)° — K—r+) e ( 105+ 0.18) x !
22 f0(980) 7+ o] (1.9 + 05)x1074 669
K~ 7™ 7™ nonresonant (88 +09)% 845 x B(fy » nt1)
KO+ 0 _
KIO " [ss] (97 &30 ):A‘ s=11 845 £(1270) 7+ (61 + 1.1)x1074 485
K%p ot (6.6 = 25)% 677 x B(f — 7t17)
« -3
K*(892)°« _ (6.5 = 06)x10 4 7+t at 7~ nonresonant (24 +21)x1074 908
x B(K*(892)° — K°z0) rtat a0 883

KO ot 10 7

1( 7 x” nonresonant (13 4+ 11)% 845 nrt x By — ntrw%) (68 + 14 )x10-4 848
K~ atatq0 [ss] (65 + 1.1)% 816

R+(392)0 »* total - L) wrt x Blw = wta—x0) < 6 %1073 CL=90% 763

>E B()R*p(892)% K-x+) (14 +09)% 422 3rtor— (1824 025)x 1073 S=12 845
d ™

e 0.+

Kl(l‘éo%) ’;400 0y KeptO (22 £06)% 390 Fractions of some of the following modes with resonances have already

p X +( +1( | ) — at ) appeared above as submodes of particular charged-particle modes.

~ptattota 31+ 11)% 612 _
K{p+7r+3—body E 11 + 0.4 ;“/: 612 "ér+ (30 & 06)x1072 88

s 010 : - POt ( 1.05+ 0.18) x 1073 766

K*(892)" 't n” total (45 £ 09)% 690 + _3 o

X B(RH(892)" — K-mh) wr! < 7 %10 : CL=90% 763
x <7 1073 CL=90% 655
K*(892) 7t 70 3-body (29 +09)% 690 n’IE958) + 51 4 1.0 Xl 3
x B(K*(892)° — K~ zt) A m s 0 )10 3 o
K*(892)~ 7 7+ 3-body (7 £3 )x1073 688 ?82%;’ + <8 X1073 cL=90% 318
z _ b (1084 0.20) x 10~ 485
x B(K*(892)" — K~ 7°) 2
_ K~xt 7+ 20 nonresonant [tt] (1.2 + 06)% 816 B Hadronic modes with a KK pair
Koxtatn= [ss] (7.1 + 1.0)% 814 KtKO (59 £ 06)x1073  s=1.2 792

KO ap(1260)t (40 +09)% 328 KTt Kot [ss] (89 + 0.8)x10~3 744

_ x B(a(1260)" — xtata) ¢t x B(¢ - KTK7) (31 +03)x1073 647

K1(1400)° 7+ _ (22 +06)% 390 K+ K*(892)° (29 + 0.4 )x1073 613

x B(K1(1400)° — KOzt 7™) x B(K*0 — K= zt)

K*(892)~ 7t 7+ 3-body (14 +06)% 688 KT K==t nonresonant (46 £ 09 )x1073 744

_ x B(K*(892)" — K%z7) KOKO 7t — 741

KO p0 ™ total (43 +09)% 610 K*(892)T KO (21 +09)% 611

_ K90zt 3-body (5 +£5 )x1073 610 x B(K*T — KOzt)

KOzt xt = nonresonant (9 +4 )x1073 814 Kt K= at a0 — 682
K~ 3nta [ss] (62 +08)x1073 s=13 772 ¢rt 70 x B(p - KTK™) (11 +05)% 619

K*(892)0 7+ 7r+07r’ (2.1 + 08)x1073 645 ¢pt x B(p — KTK™) <7 %1073 CL=90% 258

x B(K*(892)° — K~at) K+ K7t a0 + 07

ol non- 1.5 o ) % 682

K*(892)0 0wt £ 05 )x 103 239 —o T ¢ (15 = 0 )%

x B(R*(892)° — K~ ) K0+K ata~ (40 £ 07 )x1073 678

K*(892)%xt 7t 7~ no-p (29 + 1.1)x1073 645 KOK=mt ot o (55 £ 08)x1073 678

x B(R*(892)° — K 7t) K*(8922)Jr K*(89i) o . (12 +05)% 280
*

K= pont ot (1.94% 0.35) x10~3 =11 524 : B (K*(892)" — K,T] )

K= 3+~ nonresonant (43 +32)x104 2 KoK= % ™ (non-K**K*?) <1 x10 3 cl=o0% 67
KORO K+ (18 + 08 )% 545 KTK-atatsa™ (25 + 1.3 )x104 600
KtK-KOrt (55 + 1.4 )x1074 435

Fractions of the following modes with resonances have already appeared

Fractions of some of the following modes with resonances have already n above as submodes of particular charged-partice modes.

appeared above as submodes of particular charged-particle modes. ¢7r+ 0 (62 % 06)x1073 647
Kop+ (66 + 25)% 677 o 1 (23 +10)% 619
KO ay(1260)t (82 +17)% 328 P o < 15 % CL=90% 258
KO a,(1320)* < 3 %103 CL=90% 199 K* K*(szlo (43 £06)x10 3 613
" *
K*(892)°n+ (1.95% 0.19) % 714 K*(892)+5* 0 (31 £ 14)% 611
K*(892)0 p total [tt] (21 £ 14)% 422 K*(892)T K*(892) (26 1.1)% 280

e 0 ]

5:(892)0 ﬂi S-wave [tt] (1.7 £16)% 422 Doubly Cabibbo suppressed (DC) modes,

5*(892)0 r P-wave <1 x1073 CL=90% 422 AC = 1 weak neutral current (C1) modes, or

K (892)0P D-wave ] (0 +7 )x1073 422 Lepton Family number (LF) or Lepton number (L) violating modes

K*(ds_92|) p™ D-wave longitu- <7 %1073 CL=90% 422 K+nt o bC (7.0 + 1.5 )x10~4 845
_ ina + 0 —4
K1 (1270)0 7+ <7 x10—3  CL=90% 487 K* B N0 e (26 £ 12)x 10,4 §18
— 0 K*(892)"w DC [w] (37 + 1.7)x10 714
K1(1400)0 7+ (50 £13)% 390
Z1 04 K*nF 7~ nonresonant  DC (25 + 1.2)x1074 845
K(1430)° 7 (38 +£04)% 382 KT Kt K- _5
K*(1680) 7+ (1.47+ 0.31) % 58 be (87 & 21)x10 5%
=, 0" o : D oKt DC [w] < 13 x 1074 CL=90% 527
K*(892)? =t nYtotal (68 + 1.4)% 690 + oot o _5 oo,

K*(892)° 7 79 3-body [tt] (43 = 1.4)% 690 :+Z+ff 2 z 22 iig,e Et;zg;ﬂ :fz
K*(892)” " n* total - 688 ot c1 56 104 CL=90% 757

K*(892)~ 7T« 3-body (21 £ 09)% 638 b +ﬂ +ﬁ— DY . oo
Ko ot ot total 3-1 N 1-1 D/" Ktete [ww] < 2.0 x 1074 CL=90% 870

prmto (3 1) % 612 Ktptp= ww] < 92 x10~6  CL=90% 856
e p T 3-body (L1+04)% 612 7t et T LF [gg] < 34 x1075 CL=90% 926
KRI’O ™ tﬁt;lb § (43 £09)%  CL=S0% 610 KtetpF LF [gg] < 68 %1075 CL=90% 866
R p T dbody. (5 £5 )x1077 610 retet L < 96 x10-5 CL=90% 929
K*(892)°n 7t (32 + 1.2)x10™ $=2.0 645 =t pt L < 48 % 10~6  CL=90% 917

K*(892)0 p0nt (30 £07)x10-3  s=1.3 239 ) P
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r-etpt L < 5.0 %1075 CL=90% 926
p~utut L < 5.6 x 1074 CL=90% 757
K~ etet L < 12 x 1074 CL=90% 870
K~ utut L < 13 %1075 CL=90% 856
K= etput L < 13 x10~%  CL=90% 866
K*(892)~ pt pt L < 85 x10 4 CL=90% 703
10P) = 3(07)
Mass m = 1864.6 + 0.5 MeV (S = 1.1)
Mps — Mpo = 4.78 £ 0.10 MeV (S = 1.1)
Mean life 7 = (410.3 + 1.5) x 1071 s
cr = 123.0 pm
‘ng — mDO‘ < 7x 1010 B s, CL = 95% [x
1 2
(Tpo = Tpo)/T = 2y = 0.016 = 0.010
1 2 _
T(Kte~ 7, (via D°))/T (K~ £+ < 0.005, CL = 90%
M(K*a~(via D) /I (K~nt) < 4.1x 1074, CL = 95%
CP-violation decay-rate asymmetries
Acp(K*TK™) = 0.005 + 0.016
Acp(K3KE) = —0.23 +£0.19
Acp(rF77) = 0.021 £ 0.026
Acp(7970) = 0.00 £ 0.05
Acp(K%¢) = —0.03 £ 0.09
Acp(K%70) = 0.001 £ 0.013
Acp(K*7F) = 0.08 + 0.09
Acp(KFrEn0) = —0.03 £ 0.09
Acp(K*nF %) = 009702
CPT-violation decay-rate asymmetry
Acpr(KFnE) = 0.008 + 0.008
DO modes are charge conjugates of the modes below.
Scale factor/ P
D% DECAY MODES Fraction (I; /) Confidence level (MeV/c)
Inclusive modes
et anything ] ( 6.87+ 0.28) % -
utanything (65 +08)% -
K™ anything (53 +4 )% S=1.3 -
KOanything + K%anything 42 +5 )% -
K+anything (34 % 38)% -
7 anything [pp] < 13 % CL=90% -
¢ anything (1.7 £08)% -
Semileptonic modes
K= (T, lag] ( 3.43% 0.14) % $=12 867
K~ etw, (3.58+ 0.18) % S=1.1 867
K~ uty, (3.19+ 017) % 864
K- %€t v, (117 38)% S=16 861
Ko~ etv, (1.8 +08)% S=16 860
K*(892) et ve o (1434 0.23) % 719
x B(K*(892)~ — K%77)
K=nta~uty < 12 %1073 CL=90% 821
(K*(892)m)~ pt v, < 14 %1073 CL=90% 692
et (36 £ 0.6)x1073 927
A fraction of the following resonance mode has already appeared above as
a submode of a charged-particle mode.
K*(892)~ et v (2.15+ 0.35) % 719
Hadronic modes with a K or KKK
K—nt (3.80+ 0.09) % 861
KOr0 (2.30+ 0.22) % 860
KOnt o~ [ss] (5.97+ 0.35) % s=11 842
KO0 (155t 012y 9% 673
Kow (3.9 + 09 )x1074 670
x Blw — 7ta7)
KO £5(980) (28+08)x10 3 549
x B(£(980) — 7 77)
KO £,(1270) (26 T 23)x10 4 262
x B(£(1270) — «t77)
KO £,(1370) (51 % 12)x1073 -

x B(fp(1370) —» 7t 77)

K*(892)~ «t - (39 +
x B(K*(892)~ — K%7)
K3(1430)~ 7+
x B(K3(1430)~ — K%z™)
K3(1430)~ 7+ (10t
x B(K3(1430)” — K°77)

03)%

T aZyxi03

84 )x1073
6§ ) %1073

58 ) %074

120 ) 104

0.8 )%
0.8 )%
1.6 ) x 1073
0.13) %

0.27) %

84 )xw0 3
42 _
13 )x1073
0.5 ) x 10—3

0.50
0.19) %

13 )x 1073
2.2 )x1073
0.31) %
0.4 )%
2.1 )x 1073
2.1 ) x 1073
0.6 )%
0.4)%
2.1 ) x 1073
0.3 )x 1073
0.25) %
13)%
0.25) x 1073
0.4 )%
17 )%
1.1)x1073
1.2 )x 1073

1.0 )x 1073

23)%
0.4 )%

K*(1680)~ 7+ (21 *F
x B(K*(1680)~ — K%z™)
K*(892)T 7~ (20 F
x B(K*(892)t — KOxt)
KO#t 7~ nonresonant (54t
K= ntx0 [ss] (13.0 +
K= pt (101 £
K~ p(1700)* (74 £
x B(p(1700)t — =zt #9)
K*(892)~ 7+ (1.97+
x B(K*(892)~ — K~ %)
K*(892)0 70 (1.87+
x B(K*(892)° — K—xt)
K§(1430)~ 7+ (30t
x B(K3(1430) — K~ )
K;(1430)0 70 (53T
x B(K}3(1430)° —» K~ ™)
K*(1680) "7+ (11 +
x B(K*(1680)~ — K—x9)

K~ xtx% nonresonant (104t
KO 70 70 _
K*(892)° 0 (93 +

x B(K*(892)° — K970)
K70 79 nonresonant (85 +
K- ntatna™ [ss] ( 7.46%
K=t pOtotal (62 +
K~ xt p23-body (47 +
K*(892)° p° (9.7 +
x B(K*(892)° — K~ 7™T)
K~ a;(1260)* (36 +
x B(a(1260)t — #tatm )
K*(892)°nt 7~ total (15 +
x B(K*(892)° — K—xt)
K*(892)°nt 7~ 3-body (95 +
x B(K*(892)° — K~ 77T)
Ki(1270)~ «t [t] (29
x B(K{(1270) — K =ntr )
K~ ntnt 7~ nonresonant (1.74%
Kort g a0 [ss] (109 =
KO x B(n — atax0) (174%
K'w x B(w — 7t7— 79 (21 +
K*(892)~ p* (44 +
x B(K*(892) — KOx )
K*(892)° p° (48 +
x B(K*(892)° — K970)
Ki(1270)~ nt [t] (45
x B(K;(1270)~ — K7z~ x0)
K*(892)°nt 7~ 3-body (47 +
x B(K*(892)° — K970)
KOzt 7~ 0 nonresonant (23 +
K atatr o0 (4.0 =
K*(892)°nt 7~ 70 (12 £

x B(K*(892)° — K—7T)

K*(892)°y (27 %
x B(K*(892)° — K )
x B(n —» atx—x0)

K ntw x Blw — atxx9) 2.7

K*(892)°w (65 +
x B(K*(892)° — K~ z™T)
x B(w — 7wtz x0)

Kortrtn o (64 +
KOK* K- (1.03+
K% x B(¢p — KTK™) (47 %
KOK+ K~ non-¢ (56 +
K2 KLKY (92 %
KtK=K—nt ( 2.04%
Kt K~ K*(892)° (41 +

x B(K*(892)° — K—zT)

0.6 )%

0.6 ) x10—3

05 )%
2.4 )x 1073

1.8 ) x 1073
0.10) %

0.6 ) x 1073
0.9 ) x 1073
1.6 ) x 1074
0.30) x 1074
1.7 ) x 1075

711

378

367

46

711

842
844

675

711

711

378

379

46

844

843
711

843
812
609
609
416

327

685

685

484

812

812

772

670

416

416

484

685

812

771

643

582

605
410

768
544
520
544
538
434
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K- nt¢ x B(¢ - KTK™) (38 + 16)x1075 422 KOK* 7~ nonresonant (38 +23)x1073 739
$K*(892)0 (1.0 + 0.2 )x1074 T :

+ K= 70 _3
x B(¢p — KTK™) KTK™m ( 1.24% 0.35) x 10 743

() 0 K0 .0 —4

« B(R*(892)° — K-+ K§rKSjr L < 59 x 1073 740

KT K~ K~ nt nonresonant (31 £ 14)x1075 434 K KJr mm e [zz] ( 249+ 0.23) x 1074 617

o 76 x B(¢p - KTK™) (53 £ 1.4)x10 614

Fractions of many of the following modes with resonances have already fp —XOB(¢ — KTK™) (29 £ 1.5)x 107: 250

appeared above as submodes of particular charged-particle modes. (Modes KT K~ p”3-body (9.0 £ 23)x10~ 301

for which there are only upper limits and K* (892) p submodes only appear K* (892)0 K~7nt + cc. [aaa]l < 5 x 1074 531
below.) x B(K*0 — Ktz7)

Koy (7.7 + 11 )x10-3 m K*(892)° K*(892)° (6 +2 )x1074 272

_ B2(K* — K*77)

KO ,0 Les+ 0120, 673 X
? (1552 1) % K* K=« ™ nonresonant <8 x10=% cL=00% 677

K~ pt 101 + 0.8 )% s=1.2 675 00 ot = -3

Zo KK'n™m (75 4+ 29 )x10 673

K'w (23 £04)% 670 KtK=xta= 70 (31 + 20 )x1073 600

KO (958) (1.88+ 0.28) % 565

LA _

K ¢ (94 + 11)x10 3 520 Fractions of most of the following modes with resonances have already

57 31(1260)+ (72 £11)% 327 appeared above as submodes of particular charged-particle modes.

K9 (1260)° < 19 % CL=90% 323 K*(892)0 KO < 17 %1073 CL=90% 608

KO £,(1270) (a7 41y ci0t 262 K*(892)T K~ (38 + 0.8 )x1073 610

- 070 -4 oo

K~ a(1320)+ <2 x1073 CL=90% 197 K*(892)° K <09 x107" CL=90% 608

K*(892)~ n+ (59 +04)% so11 11 K*(()892)* Kt (20 + 1.1 )x 10*‘31 610

K*(892)0 0 (28 +04)% s=11 711 ¢ (75 £ 05 )07 645

K*(892)° 7+ 7~ total (22 +05)% 685 o1 (14 +05)x o , 489
K*(892)0 7+ 7~ 3-body (1.42+ 0.31) % 685 pw <2l X107 CL=90% 238

K =t pOtotal (6.2 + 04)% 609 ¢t ~ (106 0.28) x 1072 614
K= a7 p?3-body (47 + 21 )x1073 609 ¢p+ 3 bod (57 £ 3.0 )“04 250
K*(892)° p° ((1.45+ 0.32) % 16 K*(M 2"0 i’; o (7 +£5 )x 1074 , 614

5*(892)0’)0“3”5\,&,,56 (15 + 05)% 416 ’£§98g2 071 8;;66' [aaa) < 7 x 1073 CL=90% 531
K*(892)° p° S-wave (2.8 +06)% 116 (892)7K*(892) (14 £ 05)x10 272
5"(892)0 p% S-wave long. < 3 %1073 CL=90% 416 Radiative modes
K*(892)0 p° P-wave <3 %1073 CL=90% 416 Oy < 24 x1074 cL=90% 771
K*(892)° p° D-wave (1.9 +06)% 416 wy < 24 x10=4 CcL=90% 768
K*(892) pT (6.6 +2.6)% 416 + 07 -5
25 01y x10 654
K*(892)~ p* longitudinal (32 +13)% 416 ﬁz 0 (25 05 .
- —o0v
K*(892)~ p* transverse (3.4 +20)% 116 K*(892)°y < 76 x107% CL=90% 719
K*(892)75:Jr P-wave < 15 % CL=90% 416 Doubly Cabibbo suppressed (DC) modes,

K1(1270)77r+ (] (114% 031 % ) 484 AC = 2 forbidden via mixing (C2M) modes,

51(1400)0 m < 12 % CL=90% 386 AC =1 weak neutral current (C1) modes,

K1(1400)° 7 < 37 % CL=90% 387 Lepton Family number (LF) violating modes, or

Kg(1430)~ 7t (98 T fg ) x 10-3 378 Lepton number (L) violating modes

— ) Kt =5y (via D°) c2m < 17 %1074 CL=90% -
« 0.0 + 6.8 -3 ¢

K5(1430)°x (86T 33)x10 379 Kta~ pC (1.38+ 0.11) x 10~4 861

K5(1430)~ 7+ (20 F 13 )x10-3 367 K* 7~ (via D°) c2m < 16 x 1075 CL=95% 861

- : - 3.8 .

K3(1430)° 7° < 33 x10-3 CL=90% 368 K*(892)*x (30 3% )x0t et

K*(1680)~ =+ (82+32)x103  s=12 6 K?F”i (56 £ 17 )“07: 844

_ -3 Ktr—ata~ DC (31 % 1.0 )x 10~ 812
* 0, .+ 0 —

K_(%92) o (18 09)% 643 Kta—ata~(iaD® cam < 4 X104 CL=90% 812
K J(r892) 1 (1.8 £ 04 )HA’ 562 K+tr~or - < 10 x10 3 CL=90% -

KJ: w . (3.0 £ 06 )n/o 605 K+r~nta (via DY)

X KWS—SQ%S:) ( ;; i ‘1’: ) “1073 :;g ™ anything (via D°) oM < 4 %104 CL=90% -
7n 8"92 0 7958 ( . 8)x =3 oo, o 7Y c1 < 28 x 1075 CL=90% 932
K J(r )" n'(958) < 10 % 075 =90% 2 ete” c1 < 62 %1076 CL=90% 932

KKW* ’?7?* 49210 (7.6 % 31) 1077 422 wtp= c1 < a1 x1076 CL=90% 926

! 0( ) (&1+25)x107/ t mete a < 45 x1075 CL=90% 927
$K*(892) (3.0 £ 06)x10 t Ot a < 18 %104 CL=90% 915
Pionic modes nete~ c < 11 x107% CL=90% 852

atr~ (1.38+ 0.05) x 1073 922 nutp c1 < 53 %1074 CL=90% 838

7070 (84 £ 22)x1074 922 rta-ete” c1 < 373 x10~%  CL=90% 922
+ =70 (11 + 04)% 907 plete c1 < 10 x10~4  CL=90% 771

atate— (7.3 + 05 )x 1073 880 7r0+7r+* whp= a < 3.0 x 10*2 CL=90% 894

— POutp~ c1 < 22 %1075 CL=90% 754
Hadronic modes with a K K pair wete— c1 < 18 «10—4 CL=90% 768

KtK- (3897 312)x10-3  s=12 791 wptp c1 < 83 %1074 CL=90% 751
_ - ~Ktete —4 =

KOKO (71 £ 19 ) x 104 s—12 788 K +K7e e C1 < 315 X 1075 c::feo:A, 791

KO K=t (69 + 1.0 )x10-3 730 ¢<i e+ . C1 < 52 ><1075 C 79004 654
R*(892)0 KO <11 ©10-3  CL—90% 608 K +K prp C1 < 33 x 10 . CL=90% 710

% B(R™ o K-+ dptp c1 < 31 %1075 CL=90% 631

K*(892()+ K~ ) (25 + 05 )x10-3 610 Koete” [ww] < 11 x107% CL=90% 866

« B(K* = KOx+) K";ﬁfl [ww] < 26 x 10*2 CL=90% 852
_ _ - o0V

_ KOK~x* nonresonant (23 £ 23)x1073 739 %* 29260 & o < 38 X107 cL=o0% g6l

RO K+ (53 + 10)x10-3 739 7( 4 )+e e [ww] < 4.7 x 10 ) CL=90% 719
K*(892)0 KO 6 x10-4  CL_o0% 608 K rtptp c1 < 359 x 104 CL=90% 829

x B(K® = K*+r-) K*(892)°% ut ww] < 2.4 %1075 CL=90% 700
K*(892)~ K+ (13 = 07 ) x10-3 610 ot a0 pt c1 < 81 x10~4  CL=90% 863

_ + o F —6 -
x B(K*™ = K°7r’) pre LF  [gg] < 8.1 % 10 CL=90% 929
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n0et T LF  [gg] < 86 %1075 CL=90% 924
netuF LF  [gg] < 1.0 x10~4 CL=90% 848
atr~ et F LF [gg] < 15 %1075 CL=90% 911
et puF LF  [gg] < 4.9 %1075 CL=90% 767
wet ¥ LF  [gg] < 12 %104 CL=90% 764
K~ Ktetu¥ LF [gg] < 1.8 x10 4 CL=90% 754
pet u¥ LF  [gg] < 3.4 %1075 CL=90% 648
KOet ¥ LF  [gg] < 1.0 x10~4  CL=90% 862
K™ ntet ¥ LF  [gg] < 553 x10~4 CL=90% 848
K*(892)0 et 1 F LF [gg] < 83 %1075 CL=90% 714
a~r"etet+cc L < 112 x 1074 CL=90% 922
- ptut+cc L < 29 %1075 CL=90% 894
K-n~etet +cc. L < 2,06 x 1074 CL=90% 861
K™ n~ptpt+ cc. L < 39 x 1074 CL=90% 829
K~ K etet+cc L < 152 x 1074 CL=90% 791
K™K~ ptpt+ cc. L < 94 %1075 CL=90% 710
- etut+cc L < 79 x 1075 CL=90% 911
K- m~eTpt+cc L < 218 x 1074 CL=90% 848
K=K-etut+cc L < 57 x 1075 CL=90% 754

107y = 307)

I, J, P need confirmation.
Mass m = 2006.7 £ 0.5 MeV (S = 1.1)

Mpso — Mpo = 142.12 & 0,07 MeV

Full width ' < 2.1 MeV, CL = 90%

D*(2007)0 modes are charge conjugates of modes below.

D‘(2001)u DECAY MODES Fraction (I; /) p (MeVjc)
DOl (61.9+2.9) % 43
DOy (38.1+£2.9) % 137

0Py = 1a7)

2010)*
I, J, P need confirmation.

Mass m = 2010.0 + 0.5 MeV (S = 1.1)

Mps(a010)+ — Mp+ = 140.64 % 0.10 MeV (S = 1.1)
Mps(2010)+ — Mpo = 145.421 £ 0.010 MeV (S = 1.1)
Full width T’ = 96 + 22 keV

D*(2010) ™ modes are charge conjugates of the modes below.

D'(ano)i DECAY MODES Fraction (I; /) p (MeVjc)
DOrt (67.740.5) % 39
D+ 70 (30.740.5) % 38
Dty (1.6+0.4) % 136

1UP) = ()

D;(2420)°
I, J, P need confirmation.

Mass m = 2422.2 + 1.8 MeV (S = 1.2)
Full width I = 18.9% %% Mev

51(2420)0 modes are charge conjugates of modes below.

D1(24.20)‘l DECAY MODES Fraction (I; /) p (MeVjc)
D*(2010)* 7~ seen 355
Dt~ not seen 474

JP =ot assignment strongly favored.

Mass m = 2458.9 £ 2.0 MeV (S = 1.2)
Full width ' = 23 + 5 MeV

14P) = 32

5;(2460)0 modes are charge conjugates of modes below.

D;(Zl&ﬂ)o DECAY MODES Fraction (I; /) P (MeVjc)
Dt n~ seen 504
D*(2010)t 7~ seen 387

1UP) = L")

JP =t assignment strongly favored.
Mass m = 2459 £ 4 MeV (S = 1.7)
D a0y ~ Mpy(aagoyy = 09 £33 MeV (S =11)
Full width I = 2578 Mev

D;(2460)’ modes are charge conjugates of modes below.

D}(2460)% DECAY MODES Fraction (I';/T) p (MeV/c)
DOxt seen 507
D*0 7+ seen 390

CHARMED, STRANGE MESONS
(C=S=+1)

+_— (s D =% - o
DS = CS, DS =TCs, similarly for DS S

+

Mass m = 1968.3 £ 0.5 MeV (S = 1.2)
My = Mps = 98.87 & 031 Mev (S=14)

Mean life 7 = (490 £ 9) x 107155 (S =1.1)
cr = 147.0 pm

D} form factors
ry = 1.60 £ 0.24
r, = 1.92 + 0.32
o/T7 =072 +0.18

Unless otherwise noted, the branching fractions for modes with a resonance
in the final state include all the decay modes of the resonance. D; modes
are charge conjugates of the modes below.

Scale factor/ P

D's" DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

Inclusive modes

K~ anything 3 F13 )% -
K%anything + K% anything (39 +28 )% -
K+ anything @ *8 9% -
(non-K K) anything (64 +17 )% -
et anything (8 T& )% _
¢ anything as *18 )% -
Leptonic and semileptonic modes
why, (50 £ 1.9)x1073  s=13 981
v, (64 + 15)% 182
Ly, [bbb] (2.0 + 0.5 )% 720
nltv, + 7'(958) L1 vy [bbb] (34 + 1.0 )% -
ntty, [bbb] (25 + 0.7 )% 908
7' (958) £+ vy [bbb] (89 + 3.3 )x1073 751
Hadronic modes with a KK pair (including from a ¢)
KtKO (36 + 1.1)% 850
KtK=—zt [ss] (44 £ 12)% 805
¢nt [ccc] (36 + 09)% 712
K+K*(892)° leec] (33 £ 09)% 685
fo(980) [ddd] (4.9 + 2.3 )x 1073 732
x B(fy = KTK™)

K+ K(1430)° lecc] (7 +4 )x10 3 218
KT K~ nonresonant (9 +4 )x1073 805
KOKOnt — 802
K*(892)T K° lecc] (43 + 1.4)% 683
KtK—atzl — 748
prtal eccd (9 =5 )% 686
épt [cec] (67 + 23)% 400
¢t 79 3-body lece] < 2.6 % CL=90% 686

Kt K= atx%non-¢ <9 % CL=90% 748
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KtKOnt o~ (25 +£09)%
KKzt ot (43 +15)%
K*(892)t K*(892)° lecc] (5.8 + 25)%
KOK=nt xt (non-K*+ K*0) < 29 %
KTK-ntatr™ (7.1 + 2.2 )x1073
¢ttt [cce] (9.7 £ 2.6 ) x 1073
K+t K=zt non-¢ < 21 %1074
¢t lece] ( 1.06% 0.35) %
¢ap(1260)T lcec] (25 +08)%
K+ K= ntnt 7~ nonresonant (7 +6 )x10 4
Hadronic modes without K's
atata™ (1.01% 0.28) %
POt <7 x 104
fo(980) 7+ [us] (5.7 £ 1.7 )x1073
x B(fy = 7t77)
£(1270)n+ leccc] (35 + 1.2 )x1073
fo(1370) 7+ [us] (33 + 12)x1073
x B(fy = #tx™)
p(1450)° 7t [uu] (4.4 + 25 )x1074
x B(p® = wtx7)
at 7T 7~ nonresonant (5 *2 )x1w05
atata= a0 <12 %
nrt [cce] (1.7 + 05)%
wrt lccc] (2.8 &£ 1.1 ) x 1073
3rton (65 + 1.8)x1073
atat e~ n0x0 —
npt [cce] (108 + 3.1 )%
nat x93-body lece] < 4 %
3t 2r— 70 (49 +32)%
7'(958) lecc] (39 + 1.0)%
3t 27 270 —
7'(958) p [cee] (101 £ 2.8 )%
7' (958) w0 3-body lecc] < 1.4 %

Modes with one or three K's

KOxt < 8 %1073
Ktata~ (1.0 £ 04 )%
K+ p0 < 29 %1073
K*(892)0 7t lccc] (65 + 2.8 )x 1073
KTKTK~ (40 + 1.7 )x1074
oKt [cec]l < 5 x10—4

AC = 1 weak neutral current (C1) modes,
Lepton family number (LF), or
Lepton number (L) violating modes

rtete [ww] < 2.7 x 1074
at p,*,u [ww] < 2.6 x 1073
Ktete™ c1 < 16 %103
Ktutu~ c1 < 36 %1075
K*(892) T ut p c1 < 14 %103
atet LF  [gg] < 6.1 x 104
Ktetfpu® LF [gg] < 63 x10~4
n-etet L < 6.9 %104
aptut L < 29 x 1075
" etut L < 13 x 1074
K~etet L < 63 x 1074
K= utpt L < 13 x 1075
K~ etut L < 6.8 x 1074
K*(892)~ ptpt L < 14 x 1073

CL=90%

CL=90%

S=1.1
CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

744
744
416
744
673
640
248
180

673

959
824
732

559
493

421

959

935
902
822
899
902
723
885
856
743
803
464
720

916
900
744
775
627
607

979
968
922
909
765
976
919
979
968
976
922
909
919
765

D* 1Py = 0(7%)

JPis natural, width and decay modes consistent with 1~ .

Mass m = 2112.1 £ 0.7 MeV (S =1.1)

Mps = Mpe = 143.8 + 0.4 MeV

Full width T < 1.9 MeV, CL = 90%

D’;’ modes are charge conjugates of the modes below.

D;+ DECAY MODES Fraction (I';/T) p (MeV/c)
Dty (94.242.5) % 139
Dy 0 ( 5.8+2.5) % 48
D*;(2317)* 1P = 0(0%)
J, P need confirmation.
JPis natural, low mass consistent with 0F.
Mass m = 2317.4 £ 0.9 MeV (S =1.1)
mD;J(2317)i — mDsi = 349.2 + 0.7 MeV
Full width T < 4.6 MeV, CL = 90%
D,;(2460)% 1Py =01 ™)
Mass m = 2459.3 + 1.3 MeV (S =1.3)
M. (ase0)t ~ Mpps = 3472 12 MeV (S = 1.3)
Mp: (a0t ~ Mps = 491.0 + 1.2 MeV (S = 1.3)
Full width T < 5.5 MeV, CL = 90%
51(2536)% 1(UP) = 0(1%)
J, P need confirmation.
Mass m = 2535.35 + 0.34 £ 0.5 MeV
Full width ' < 2.3 MeV, CL = 90%
Dg1(2536)~ modes are charge conjugates of the modes below.
Dg; (2536)+ DECAY MODES Fraction (F;/T) p (MeVjc)
D*(2010) T K° seen 150
D*(2007)0 Kt seen 168
D+ KO not seen 382
DOK+ not seen 392
D?r v possibly seen 388
Ds(2573)* 1(JP) = 0(?%)
JPis natural, width and decay modes consistent with 2+ .
Mass m = 2572.4 + 1.5 MeV
Full width T = 1573 MeV
Dg»(2573)™ modes are charge conjugates of the modes below.
Dg,(2573)+ DECAY MODES Fraction (I;/T) p (MeVjc)
DOK+ seen 435
D*(2007)° K+ not seen 244
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BOTTOM MESONS
(B= +1)

Bt = ub, BY = db, B =db, B~ =1b, similarly for B*'s

B-particle organization |

Many measurements of B decays involve admixtures of B
hadrons. Previously we arbitrarily included such admixtures
in the B* section, but because of their importance we have
created two new sections: “B%/B® Admixture” for T(45)
results and “B*/B%/B/b-baryon Admixture” for results
at higher energies. Most inclusive decay branching fractions
and xp at high energy are found in the Admixture sections.
BO-BO mixing data are found in the BO section, while Bg—
BY mixing data and B-B mixing data for a BY/BY admixture
are found in the Bg section. CP-violation data are found in
the B, BY, and B BY Admixture sections. b-baryons are
found near the end of the Baryon section.

The organization of the B sections is now as follows, where
bullets indicate particle sections and brackets indicate re-
views.
o B*
mass, mean life, branching fractions CP violation
o B0
mass, mean life, branching fractions
polarization in BY decay, BY-B° mixing, CP violation
o B+ BY Admixtures
branching fractions, CP violation
« B%/B%/BY/b-baryon Admixtures
mean life, production fractions, branching fractions
Xxp at high energy, V¢, measurements
L] B*
mass
e BY
mass, mean life, branching fractions
polarization in Bg decay, Bg—Eg mixing
. BZ_E
mass, mean life, branching fractions
At end of Baryon Listings:
o /\p
mass, mean life, branching fractions
e b-baryon Admixture
mean life, branching fractions

1Py = 3(07)

1, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
Mass mp. = 5279.0 & 0.5 MeV
Mean life 7 gy = (1.671 £ 0.018) x 10712 5
cr =501 pm

CP violation
Acp(BT — J/9(1S)KT) = —0.007 £ 0.019
Acp(BY — J/p(1S)nt) = —0.01 £ 0.13
Acp(Bt — ¢(2S)KT) = —0.037 £ 0.025
Acp(BY — DYKT) = 0.04 + 0.07
Acp(BT — Dcp(y1)K™) = 0.06 + 0.19
Acp(BY = Dcp_1)K*+) = —0.19 + 0.18
Acp(BT — 7ta0) =0.05 +0.15
Acp(BT — Kt7% = —0.10 + 0.08
Acp(BY — K%x+)=10.03+0.08 (S=11)
Acp(BT — 7Fa~at) = —0.39 £ 0.35
Acp(BT — ptp%) = —0.09 + 0.16
Acp(BY — KTz~ nt) =0.01 £ 0.08
Acp(BY — KTK™K*) =0.02 + 0.08
Acp(BT — KT7') =0.009 + 0.035
Acp(Bt — wnt)=—0.21+0.19
Acp(BY — wK*) = —0.21 £ 0.28
Acp(BT — ¢KT) =0.03 £ 0.07
Acp(BT — $K*(892)%) = 0.09 + 0.15
Acp(BT — pOK*(892)1) = 0.20 £ 0.31

B~ modes are charge conjugates of the modes below. Modes which do not
identify the charge state of the B are listed in the BX /B0 ADMIXTURE
section.

The branching fractions listed below assume 50% B9 B0 and 50% B+ B~
production at the 7°(4S). We have attempted to bring older measurements
up to date by rescaling their assumed 7°(4S) production ratio to 50:50
and their assumed D, Ds' D*, and ¢ branching ratios to current values
whenever this would affect our averages and best limits significantly.

Indentation is used to indicate a subchannel of a previous reaction. All
resonant subchannels have been corrected for resonance branching frac-
tions to the final state so the sum of the subchannel branching fractions
can exceed that of the final state.

For inclusive branching fractions, e.g., B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

Scale factor, P
B+ DECAY MODES Fraction (I';/T) Confidence Ieve/l (MeVjc)
Semileptonic and leptonic modes
£+ ypanything [rr] (102 +09)% -
DO4ty, [l (215+£0.22) % 2310
D*(2007)0¢F v, "] (65 +05)% 2258
D1(2420)°¢F v, (56 £1.6 ) x1073 2084
D3(2460)° £+ vy < 8 %1073 CL=90% 2067
Vet v, (9.0 £2.8 ) x10~5 2638
ntty, (8 +4 )x10 % 2611
wlty, [rr] < 21 x1074  CL=90% 2582
Pty [r] (134F7532)x 1074 2583
ppetve < 52 %1073 CL=90% 2467
etve < 15 x107%  CL=90% 2640
whuy, < 21 x107%  CL=90% 2638
Ty, < 57 %1074  CL=90% 2340
etvey < 20 %1074 CL=90% 2640
whoyy < 52 x1075  CL=90% 2638
D, D*, or Ds modes

DOxt ( 4.9840.29) x 103 2308
DOpt (1.34+0.18) % 2236
DK+ (37 £06 ) x10~4 S=1.1 2280
DO Kk*(892)* (61 £23)x1074 2213
DOK+KO (55 £1.6 ) x1074 2189
DO K+ K*(892)° (75 +1.7)x1074 2071
Dortatn— (11 £04 )% 2289
DOzt 7T 7~ nonresonant (5 +4 )x10-3 2289
DOrtpl (42 +3.0 ) x1073 2207
DO a;(1260)* (5 +4 )x1073 2123
DOwrt (41 £09)x1073 2206
D*(2010)~ ntxt (21 +06)x1073 2247
D= ntat < 14 x1073  CL=90% 2299
D*(2007)%xt (46 £04 )x1073 2256
D*(2007)%wrt (45 +1.2)x1073 2149
D*(2007)0 pt (98 +1.7 ) x1073 2181
D*(2007)° K+ (36 £1.0 ) x1074 2227
D*(2007)° K*(892)*+ (72 £34 ) x1074 2156
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D*(2007)° KT KO
D*(2007)° Kt K*(892)°
D* (2007)0 atata—
D*(2007)° a; (1260)
2007)° 7"t at

>

Reie/is/IsAvRvivRv]]

R * R *
N A A AR RIS

S

=

=

|

B

1

5

et

5

et

3

DO Ds 7(2317)*

DO D, 7(2457)F

D°D,;(2536)1

D*(2007)° D, 7(2536)*

DO D, ;(2573)*

D*(2007)° D, ;(2573)

DO Dyt

D*(2007)° DF

D*(2007)° Di+

D(*H’ D**0

D* (2007)° D*(2010)*+

D D*(2010)* +
D*(2007)° D+

DD+

DO Dt KO

D*(2007)° Dt KO

D°D*(2010)* K°

D*(2007)° D*(2010)t KO

DOpOK+

D*(2010)° DO K+

D°D*(2007)° K+

D*(2007)° D*(2007) K+

D-DtK*

D~ D*(2010)* K+

D*(2010)~ Dt K+

D*(2010)~ D*(2010) T K+

(D+D*)(D+D*)K

Df a0

D+ 21(1260)°
D;+ a1(1260)°
D¢
Dt g
DIKO
[)*4-130

-
D K*(892)°

+ 5 0
Dt K*(892)
D;'/rJrKJr
sz ot K+
Dyt K*(892)™
Dyt K*(892)"

Uc'(+

Jjp(1S) K+

JpQAS)KFntn
X(3872) Kt

J/(15) K*(892)*

J/(1S K(1270)+

)

)
J/p(1S)pK*

)

)t

x 1073
(1.5 +£0.4 )x 1073
(9.4 +2.6 ) x 1073
(
(

1.9 £05 )%
1.8 £0.4 )%
< 17 x 1074
< 95 x 1075
(1.5 0.7 )%
< 1 %
(1.5 £0.6 ) x 1073
< 14 x 103
< 13 x 1073
< a7 x 1073

(1.3 04 )%
seen
seen

not seen
not seen
not seen
not seen
(9 +4 )x1073
(1.2 £05 )%
(2.7 £1.0 )%
(2.7 +12)%
< 11 %
< 13 %
< 67 x 1073
< 28 x 1073
< 61 x 103

(52 +£1.2 )x10—3
(7.8 £26 )x 1073
(1.9 £0.4 ) x 1073
< 38 x 103
(47 £1.0 )x10~3
(5.3 £1.6 ) x 1073

< 4 x 1074
<7 x 1074

(1.5 £0.4 ) x 1073
< 18 x 1073

(3.5 +£0.6 )%
< 20 x 1074
< 33 x 1074
<5 x 1074
< 8 x 1074
< 4 x10—4
<5 x 1074
<5 x 1074
<7 x10~%
< 22 x 1073
< 16 x 103
< 32 x 104
< 4 x 104
< 11 x 1073
< L1 x 1073
<5 x10~%
< 4 x 104
< 8 x 1074
< 12 x 103
< 6 x 103
< 8 x 1073

Charmonium modes

(9.0 £2.7 ) x 1074
( 1.00£0.04) x 1073
(7.7 £2.0 )x 1074
seen
(1.3540.10) x 103
(1.8 £0.5 )x 1073
< 5 x 1074
(5.2 £1.7 ) x 107>
(4.0 £05 )x 1075
< 77 x 1074

CL=90%

CL=90%
CL=90%

CL=90%

S=1.3
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
S=1.2

CL=90%

2132
2008
2236
2062
2219
2255
2225
2235
2217
2081
1995
2064
1977
1815
1605

1447
1338
1417
1306
1734
1737
1651

1713
1792

1866
1571
1475
1476
1362
1577

1481
1368
1571
1475
1475
1363

2270
2215
2235
2178
2197
2138
2195
2136
2079
2014
2141
2079
2241
2184
2172
2112
2222
2164
2138
2076

1754
1683
1612
1571
1390
1308
1227
1727
1611

J/4(15) a;(1260)*
J/H(18)pAA

P(2S) KT

$(25) K*(892)*
Pp(2S) Kt 7t a~
Xco(LP)KF
Xc1(1P) K+
Xc1(1P)K*(892)%

Kort
Kt 0
7Kt
n' K*(892)*
nK*
nK*(892)*
wkt
wK*(892)*
K*(892)0 7t
K*(892)* 70
Ktn— ot
KT 7~ n+ nonresonant
;(+'p0
K3(1430)0 7
K-rtgt
K~ a+ nonresonant
K1(1400)0 7+
KOzt 70
KOt
K*(892)t 7t «
K*(892)* p°
K*(892)* K*(892)°
K1(1400)F p0
K3(1430)+ 0
;(%*7(0
KOKt70
0 KO
K0+ KS K
KsKsm
KtK—nt
KT K~ nonresonant
KtKtzn—
KT K* 7~ nonresonant
K+ K*(892)°
KTK=K*
KT¢
KT K~ K+ nonresonant
K*(892)T KT K~
K*(892)1 ¢
K1(1400)" ¢
K3(1430)" ¢
Kt ¢
K*(892)t~y
K1(1270)*
oKty
Ktn—aty
K*(892)0 7ty
K+ /70'7
Ktn— 7r+7 nonresonant
K1(1400)
K3(1430)
K*(1680)*
(1780)+
(2045)*

QQQQQ

K3
*
Ka

< 12 x 1073
0.9 —

(12 752 )x1075
(68 £0.4 )x1074

(92 +£2.2)x10—4
(1.9 +1.2)x1073

2.4 -
(60 27 )x1074
(68 £1.2)x1074

< 21 x 1073

K or K* modes
( 1.88+£0.21) x 107>
(1.2940.12) x 1072
(78 £05 ) %1073
< 35 x 1075
< 69 %106
(26 T30 )x1075
(92 f%g )x 106
< 87 x 1075
(19 F38)x10-5

< 31 x 1075

(57 £0.4 )x 1073
< 28 x 1075
< 12 %1075
< 68 x 1074
< 18 x10 ©
< 56 %1075
< 26 %1073
< 66 %1075
< 48 x 1075
< 11 x103

(1.1 £04 )x10 5
< 71 %1073
< 78 x10~4
< 15 x 1073
< 20 x 1076
< 24 x 1075

( 1.34:£0.24) x 1073
< 32 %106
< 63 x10 ©
< 15 %1075
< 13 x10 ©
< 879 %1075
< 53 %1076

( 3.08£0.21) x 107>
(93 £1.0 ) x107®

< 38 x 1075
< 16 x 1073

(96 £3.0 ) x10—©
< 11 %1073
< 34 x103

(26 féé )x 1076

(138 £05 ) x 107>
< 9.9 x 1075
(34 +1.0 ) x107°

(24 T8 ) <1075

(20 fgg )x 1075

< 20 x 1075
< 9.2 %1076
< 5.0 x 1075
< 14 x 1073
< 19 x 1073
< 55 %1073
< 9.9 %1073

Light unflavored meson modes

pty
7r+ 7r0
atata—
POt
7+ £,(980)
'+ £(1270)
7t 7~ 7T nonresonant

< 21 %1076
(56 T93)x10 6
(1.1 £0.4 ) x10~5
(86 +£2.0 )x10 ©

< 14 x 1074

< 24 x 104

< 41 x 1075

CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

S=1.3
CL=90%
CL=90%

S=1.9
CL=90%
CL=90%

CL=90%

CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%
CL=90%

CL=90%

CL=90%

CL=90%
CL=90%

1414
567

1284
1115
1178

1478

1411
1265

2614
2615
2528
2472
2588

2534

2557
2503
2562

2562
2609
2609
2558
2445
2609
2609
2451
2609
2558
2556
2504
2484
2387
2381
2593
2578
2521
2577
2578
2578
2578
2578
2540
2522
2516
2522
2466
2460
2339
2332
2306
2564
2486
2516
2609

2562
2558
2609
2453
2447
2360
2341
2243

2583
2636

2630
2581
2547
2483
2630
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atx0x0 < 89 %1074  CL=90% 2631 K-etpt L < 20 %1076  CL=90% 2615
ptal < 43 x1075  CL=90% 2581 K*(892)~ et et L < 28 %1076 CL=90% 2564
ata=rt a0 < 40 x1073  CL=90% 2621 K*(892)~ ptpt L < 83 %1076 CL=90% 2560
ptp° (2.6 £0.6 ) x 1075 2523 K*(892)~ et ut LF < 44 %1076  CL=90% 2563
a1(1260)* 70 < 17 %1073 CL=90% 2494
21(1260)0 7T < 9.0 x10~4  CL=90% 2494
E 1UP) = 3(07)
wrt (64 T18 1076 S=13 2580 2
+ -5 —ogY
wp < 6.1 X 10 CL=90% 2522 o
gt < 57 ©10-6  CL—90% 2609 :),reJd,.c.‘:ig::d confirmation. Quantum numbers shown are quark-model
!t -6 —ogY i -
' < 70 X 10 CL=90% 2551
7 pt < 33 105 CL—90% 2492 Mass mgo = 5279.4 + 0.5 MeV
npt < 15 %1075  CL=90% 2553 Mpo — Mpx = 0.33 & 0.28 MeV (szl-l)
prt < a1 «10-7  CL=90% 2539 Mean life 7 5o = (1.536 + 0.014) x 10 s
épt < 16 x 1075 2480 cr = 460 pm
atatata o~ < 86 x10~4  CL=90% 2608 Tg+/Tgo = 1.086 £ 0.017  (direct measurements)
0 + —4 —ooY
p" a1(1260) < 6.2 x 10 CL=90% 2433 0 B0 ivi
o9 a,(1320)F < 72 x1074  CL=90% 2410 B°-B” mixing parameters
atatrta—r— a0 < 63 %1073  CL=90% 2592 Xa = 0.186 + 0.004
21(1260)* a1 (1260)° < 13 % CL=90% 2335 Amgy = mpgy — Mgy = (0.502 + 0.007) x 10*2 57!
_ —10
Charged particle (h%) modes = (3.304 £ 0.046) x 10" MeV
n n N Xg = AmBD/FBO = 0.771 +£ 0.012
h®= =K+ or=
s (16 +07 ). 105 2636 CP violation parameters
—06 Re(ego)/(1+]egol?) = (0.5 + 3.1) x 1073
wht (1.38F327) x10-5 2580 Ar/cp = 0.005 £ 0.018
h* X0 (Familon) < 49 x1075  CL=90% - Acp (B = K*a™) = —0.09 + 0.04
Acp(BY = pt7~) = —0.18 + 0.09
Baryon modes P R
pprt < 37 %10 6  CL=90% 2439 ACP(Bg - pTK7) _T_ 028 +0.19
* p—
ppwt nonresonant < 53 %x10~5  CL=90% 2439 ACP(BO - K (892)0 7 )=026+035
pprtrta~ < 5.2 x10~%  CL=90% 2369 ACP(BO — K*(892)"¢) = 0.05 + 0.10
_ _ Acp(B® — D*(2010)* D7) = —0.03 + 0.12
ppKT (43 12 )x1076 2348 o .
: Can (B® > 7777) =—-051+£023 (S=12
pP KT nonresonant < 89 x107%  CL=90% 2348 5” ((BU [ )) =-05+£06 (S (_ 2.3) )
F e = -~ =-0. . =2.
pA . < 15 x 1074 CL=90% 2430 Com (B — pta—) =0.36+0.18
pAnTm < 2.0 x 10 CL=90% 2367 0 b
A%p < 38 %1074 CL=90% 2402 Sp (B — e )= 0'190i 0.24
Attp < 15 %1074 CL=90% 2402 Cpossyk (B° — n'(958)K3) = 0.04 + 0.13
D*pp < 15 x1075  CL=90% 1860 Syoseyk (B® — 7/(958)K) = 0.27 £ 0.21
Qi(ZOiO)‘*' pp < 15 x 10*2 CL=90% 1786 C¢K0 (B” = ¢KY) = 0.15 £ 0.30
Ao pm (2.1 £0.7 )x 10~ 1981 S0 o
Az prta® (1.8 £06 ) x 103 1936 Sp (B — ¢K5)=-10£05
A prtataT (23 £07 )x1073 1881 Cr k- KY (B - KTK~K2) =017 +£0.16
A prtata— 0 _
A pm 7r0 T < 134 % . CL=90% 1823 Sics k- KO (B > K*+K K%) = —0.51 + 0.26
X -(2455)°p < 8 % 10 CL=90% 1939 s o . -
T(2520)°p < 46 x1075  CL=90% 1905 Cp-(a010)-p+ (B” = D*(2010)7 D7) = ~0.2 £ 0.4
§6(2455)gp7r‘i . (44 £18)x 10*: 1897 Spr(2010)- p+ (B® = D*(2010)"DF) = —02 % 0.7
T(ou55) S prat {25 11z)aa0t o Coraonyp- (87 = D"(2010)°07) = 05 %04
Py prtw X 2 )% 0 " Fr—y
Ac(2593)~ /Ac(2625)" prt < 19 x1074  CL=90% - Spruoy+p- (B = D*(2010)7D7) = -0.8 + 08

Chrpas)n0 (B® — J/9(1S)7n0%) = 0.4 £ 0.4

Lepton Family number (LF) or Lepton number (L) violating modes, or
S1/p(s) 0 (BY - J/9(1S)x%) = 0.1+ 05

AB = 1 weak neutral current (B1) modes

atete BI < 39 x10~3  CL=90% 2638 ACyr (B — pTr7) =0.28+0.19
atutus Bl < 91 x1073  CL=90% 2633 AS,r (B = pt7r7) =015+ 0.25
0 ZKO) —
Kt+ete— B1 (63 *19)x1077 216 [A] (B — cTKO) = 0.949 £ 0.045
. 1a , [A| (B® = D*+D*7) =0.75 £ 0.19
K utn b1 (45 213 )x10 2612 Im(X) (B — D**D*~) = 0.05 + 0.31
Kot~ Bl [r] (53 +11)x1077 2616 sin(28) = 0.731 + 0.056
Ktov BI < 24 x10~% CL=90% 2616 0 ) o
K*(892)+ ete B1 < 46 «10-6  CL=90% 2564 B* modes are charge conjugates of.the mode.s .be\ow. Reactm?s indicate
. Ty 6 o the weak decay vertex and do not include mixing. Modes which do not
K*(892) " " p B1 < 22 x 10 CL=90% 2560 identify the charge state of the B are listed in the B+/B0 ADMIXTURE
K*(892)T¢Te Bl [m] < 22 x1076  CcL=90% 2564 section.
tetpu LF 4 1073 CL=90° 2 -
T e B < 6 * 073 ¢ 90?’ 637 The branching fractions listed below assume 50% B0 B and 50% B+ B~
7" +e +:“ _ LF < 64 x 10 7 CL=90% 2637 production at the 7'(4S). We have attempted to bring older measurements
KTeTp LF < 8 x 10~ CL=90% 2615 up to date by rescaling their assumed 7°(4S) production ratio to 50:50
K+e,#+ LF < 6.4 X 10’3 CL=90% 2615 and their assumed D, DS, D*, and 7 branching ratios to current values
K*(892)T e pF LF < 79 x10~6  CL=90% 2563 whenever this would affect our averages and best limits significantly.
N -6 —
Tere L < 16 x 10 CL=90% 2638 Indentation is used to indicate a subchannel of a previous reaction. All
7r7,u.Jr ,u+ L < 14 %1070 CL=90% 2633 resonant subchannels have been corrected for resonance branching frac-
1 et ;ff L < 1.3 % 10—6 CL=90% 2637 tions to the final state so the sum of the subchannel branching fractions
p etet L < 26 x10~®  CcL=90% 2583 can exceed that of the final state.
P ,u* ;fr L < 50 %1076 CL=90% 2578 For inclusive branching fractions, e.g., B — DT anything, the values
p e‘*’;ﬁ' LF < 3.3 x 1076 CL=90% 2581 usually are multiplicities, not branching fractions. They can be greater
K~etet L < 10 %1076 CL=90% 2616 than one.
K= ptput < 1.8 x1076  CL=90% 2612
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DOy (17 04 ) x10~4 2198
Scale factor/  p D'w (25 +£06)x1074 s=1.5 2235
B0 DECAY MODES Fraction (T;/T)  Confidence level (MeVjc) DO K*(892)° < 18 x107%  CL=90% 2213
D*0y < 5.0 %1075 CL=90% 2258
£F vyanything ("] (105 £0.8 ) % _ D*(2007)07r0 (27 +05)x10~4 2256
D™ty [l ( 2.14£020) % 2309 D*(2007)° o0 < 51 x107%  CL=90% 2181
D*(2010) £t vy [rr] ( 5.44+£0.23)% 2257 D*(2007)%7 (26 +06)x107* 2220
Patan?: [rr] (2.6 £07 )x 1074 2583 D*(2007)°n’ < 26 x1074  CcL=90% 2141
A’ Il ( 1.33£0.22) x 104 2638 D*(2007)%zt (62 £22)x10~4 2048
D*(2007)° K0 < 66 %1075  CL=90% 2227
Inclusive modes 0
_ D*(2007)° K* -5 cL=o0%
K+ anything (5 x5 )% - Dok Eﬁgii Do s awm e
: =90%
D, D*, or Ds modes D*(2007)°zt (3.0 £0.9 ) x1073 2219
D—at ( 2.762025) x 10~3 2306 D*(2010)* D*(2010) (87 +1.8)x1074 1711
D p* (77 413 ) x 103 235 D*(2007)°w (42 £11)x1074 2180
D~ K*(892)* (3.7 418 )x10~% 211 D*(2010)* D~ < 63 x107%  CL=90% 1790
D wrt (2.8 £06 )x10-3 2204 D*(2010)~ DF + (9.3 +15)x10~4 1790
D Kt _ (2.0 £06 ) x 104 2279 D*(2010_)+D
D~ K*+R® < 31 w10-4  CL—oo% 2188 D*(20007)0 D*(2007)° < 27 % CL=90% 1715
D K+K*(892)° (88 £19 )x10—4 2070 D=DOK+ (17 +£04 )x1073 1574
D070 (27 +08 ) x 104 2308 D~ D*(2007)° K+ (46 +1.0 )x1073 1478
DOD*+2010 (80 £16)x 10*‘3‘ 2301 D*(2010)~ DO K+ (31 738 ) x10-3 1479
( )t (12.76:£0.21) x 10~ 2255 D*(2010)~ D*(2007)° K+ ( 1.18+0.20) % 1366
D-at o (80 £25)x1073 2287 D~ D+ KO < 17 x10~3  CL=90% 1568
— _3 . =0%
(D~ 75_ T ) nonresonant (39 +£1.9 ) x10 3 2287 D*(2010)~ D KO + (65 +1.6 ) x10-3 1473
D =tp (1.1 £1.0 ) x 10~ 2206 D~ D*(2010)+ K°
- 2?;031(13603+ (60 £33)x10-3 2121 D*(2010)~ D*(2010)+ K° (88 £19)x10-3 1360
) i D 8 1.
(* ) i (15 £05)% 2247 DODOKO < 14 x1073  CL=90% 1575
D*(2010)" p (6.8 £0.9)x10 2180 D° D*(2007)° KO + < 37 %1073 CL=90% 1478
D*(2010) Kt (2.0 05 ) x 10~4 2226 D*(2007)° DO KO ’ -
*(2010)~ K* + —4 DT
*( 010)~ +(§302) (38 £15)x 1074 2155 D*(2007)° D*(2007)° K© < 66 x10-3  CL=90% 1365
(2010)" KT K' < 47 x 10 CL=90% 2131 (D+D*)(D+D*)K (43 07 )% _
D*(2010)~ K+ K*(892)° (1.294033) x 1073 2007 R
*(2010) " at 7wt~ (7.6 £1.8 )x 1073 S=1.4 2235 Charmonium modes
(D*(2010)~ 7+ 7+ 77) non- (0.0 +25)x1073 2235 nc KO (12 +04)x1073 1753
resonant ne K*(892)0 (1.6 +0.7 ) x 1073 1648
D*(2010)~ 7t p (5.7 32 )x 1073 2150 J/9(1S) KO (85 +05)x1074 1683
D*(2010)~ a;(1260)* (1.30£0.27) % 2061 J/Pp(AS)K+ 7~ (1.2 +£0.6 ) x1073 1652
D*(2010)~ 7T 7t 7~ 70 ( 1.76+0.27) % 2218 J/9(15) K*(892)° ( 1.3140.07) x 1073 1571
D*(2010) 7 +7r a0 (1.8 407 )% 218 J/9(15) ¢ KO (94 £26)x1075 1224
D*(2010)~ pprt (6.5 +1.6 )x 1074 1707 J/9(1S) K (1270)° (1.3 £05 ) x1073 1390
D*(2010)~ p7i (1.5 £0.4 ) x 1073 1785 J/9(18)x° (22 404 )x1073 1728
D*(2010)~ wﬁr (29 £05)x1073 2148 J/$(1S)n < 27 x1075  CL=90% 1672
D3(2460)~ at < 22 x1073  CL=90% 2064 J/p(1S) 7t 7r (4.6 £0.9 ) x1073 1716
D%(2460) p™ < 49 x1073  CL=90% 1977 J/4(15) p° (16 +0.7 ) x 1073 1611
D- D+ < 94 «10~%  CL=90% 1864 J/P(1S)w < 27 x1074  CL=90% 1609
D~ DY (8.0 £3.0 ) x 103 1812 J/$(1S)¢ < 92 x1076  cL=90% 1519
D*(2010)~ D} ( 1.074029) % 1735 J/4(15)7'(958 ) < 63 x1075  CL=90% 1546
D~ D** (1.0 405 )% 1732 J/9(1S) KO 7r0 70r (1.0 £0.4) ij 1611
D*(2010)~ D% * (1.9 £05)% 1649 J/z/;(lS)*K " (5.4 £30)x10 1390
D~ D, (2317} o 1602 J/P(1S)K*(892) T (8 +4 )x1074 1514
s 4 J/(1S) K*(892)0 x + - (66 +2.2)x1074 1447
D~ Dy 7(2457) seen - J 6
_ ¥ /¥(1S)pp < 19 x 10 CL=90% 862
D™ Dy 5(2536) not seen 1444 0 —4
. -~ N P(2S) K (62 £0.7 ) x10 1283
D*(2010) Ds](2536) not seen 1336 +. - _
_ P(2S)Kt 7 <1 %1073 CL=90% 1238
D™ Dy 5(2573)* not seen 1414 * 0 —4
. $(25) K*(892) (80 £1.3)x10 1116
D*(2010)~ Dy 7(2573)* not seen 1303 Xeo(1P) KO < 50 «10-4  CL=90% 1477
DY~ (27 1.0 ) x 10°5 2270 < 0 B -7
Dt r— < 41 %1075 CL=90% 2215 Xe1(1P)K (40 I3 )x107t 11
Dfp <7 104 CL_o0% 2197 xc1(1P) K*(892)° (41 +15)x1074 1265
Dt p~ <8 %1074  CL=90% 2138 K or K* modes
D:'+al(1260) < 26 %1073 CL=90% 2080 Ktn— (1.8540.11) x 1075 s=12 2615
Di a1(1260)~ < 22 x1073  CL=90% 2015 KO 70 (95 +%% )% 1076 2614
Dg K* (38 £13)x107° 2242 ' KO (63 10-7 ) x 1075 S=1.1 2528
sy i ~ 3 +0. =1.
Di ’j . < 25 * 10 CL=90% 2185 7' K*(892)° < 24 %1075  CL=90% 2472
Dy K*(892) < 9.9 x10~4  CL=90% 2172 K*(892)0 14 F06 ) 10-5
D%~ K*(892)* < 11 %1073 CL=90% 2112 K 0 (14 Zo5 )% . 23
D, 7t KO <5 x1073  CL=90% 2222 777(0 < ?g X EL:%Z‘ it
Dt KO . 3 ooy w _ <L %10 L=90% 2557
s 7‘; N 0 < 31 x 10 CL=90% 2164 K% X0 (Familon) < 53 %1075 CL=90% -
Dy = K*(892) < 4 x1073  Cl=00% 2138 wK*(892)° < 23 x1075  CL-90% 2503
N . - 7 . =90%
g5 Kvé K*(892) < 20 % 10 Z CL=90% 2076 KORO < 33 ©10-6  CL=90% 2592
(5.0 +14 )x 10~ 2280 0 KO KO +1.8 -6
D° K*(892) (48 £12)x1075 213 KsKsKs (42 215 ) >0 22
DO ;0 ( 2.9140.28) x 104 2308 Kta— 70 < 40 %1075 CL=90% 2609
D00 (2.9 +1.1 )x 104 237 oKtr/r (7.3 +1.8 ) x1076 2559
Don (22 +05 )x1074 S=16 2274 Komta™ (47 £0.7)x107° 2609
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KO0
< 39 x1075  CL=90%
0 = 2558
K915(980) < 36 x 1074 CL—90'%3 2524 P Baryon modes
. = PP -
K*(892)Tm (16 ¥2€ ) 105 2562 ot < 12 %1076 CL=90% 2467
K*(892)° 70 - 6 : . pBKO < 25 x10~4  CL=90% 2406
. — —909 -
K3(1430)* 7~ > x 1075 CL=90% 2563 e < 12 1076 CL_90% 2347
KOK— 7+ < 10 CL=90% 2445 pAT (40 £13)x10°6 2401
_5 - Y -10
K+ Km0 < 21 X 10 CL=90% 2578 pAK < 82 _7
KO K+ K- < 19 x1075  CL=90% 2579 pZ0n— ' x10 CL=90% 2308
KTK (2.8 £05 ) x 1075 252 i < 38 %1076 CL=90% 2383
K% (86 T13 6 AOZAD < 10 %1076  CL=90% 2392
6 7177 )x10 2516 _ < 15 -3 —909
[ el < 23 D - x 10 ; CL=90% 2335
K*(892)0 7+ 7 § X 1073 CL=90% 2600 DOpp < 11 X 10~ CL=90% 2335
K (892)0,0 < 14 x 10 CL=90% 2557 D*(2007)° p ( 1.1840.22) x 1074 1862
K (892)0 (980) P x0T % sed i (12 £04)x1072 1768
[} < 17 x107%  CL=90Y c < 1.0 -3 -
K (1400)+ 71— s N % 2468 A= prt o % 10 CL=90% 1840
K- 2,(1260)* el - x 10 X CL=90% 2451 ZE (13 £04)x1073 1934
eee] < 2.3 10— —90Y _
K*(892)0 K+ K~ - x 1274 Et 900A, 2471 ZEP 0 (22 408 )x107> 2021
- X =9 ™ —

K*(892)° (roron s 0% 2466 Ac P . < 59 x10~4  CL=90% 1982

7 s o . .11) x 10 2460 Acprta=n _3
(892)° K*(892) 22 5 —c < 507 x 10 CL=90% 1883

. 0w 0 < 2 % 10 CL=90% 2485 A prta—atn™
K (892)+K (892) < 37 ©10-5  Cl_oso% 2485 fc (2520) ™ 7f+ < 274 %1073 CL=90% 1821
K*(892)* K*(892)~ - c —Tpm —4

< 141 “10-4 CL_oo¥ =1 (1.6 £0.7 ) x 10 1861
0.0 =90% 2485 by 0pr—
?8288;0; < 30 x10~3  CL=90% 2388 fcgiggg‘ﬁw* o x0Tl cen e

P < 50 %1073 CL=90Y = g (10 +8 )x1075 s=1

=90% 2339 -t 7 189%
K*(1430)0 0 ° X (2455)  p7 _

3 P <11 10-3  CL—o0° e ) PT (28 £0.9)x1074 1896
K3(1430)% i S s CL:%; 2281 Ac(2593)” / Ac(2625)" p < 11 x10=4  CL=90% -
K*(892)° 0% 23 i :

KOEM )0y (43 £04 )x 105 2564 Lepton Family number (LF) violating modes, or
K+ < 83 «10-6  CL—90% 2516 AB = 1 weak neutral current (BI) modes
(46 £1.4)x107° 7Y —

K*(1410)y < 13 )>< 104 CL=90% 2618 ete™ ii h 1.7 o 3 cLo 2640

= : = 24 < L - _

K+ 7=~ nonresonant < 26 -6 " %0 prp~ i X 10 CL=00% 2640
K+ (1270)° ’ * 10 CL=90% 2615 0 B1 < 16 x10~7  CL=90% 2638

1(1270)" y < 70 %1073 CL=90% Klete~ BI _7 ,
K1(1400)%y < 43 e g6 KO+ < 54 <1077 CL=90% 2616

. %1073 CL=90" -
K3(1430)0y - W e pow 51 (56 133 )x1077 2

2 o (1.3 £05)x 107> 2447 KOp+ - 2.4 612
K (1680) 'y < 20 x1073  CL=90% 2360 K*(892)0 e+ e~ B e s x1077 CL=%0% 2616
K3(1780)0y < 10 % Cloov 2 *( 2)0 s+e B B1 < 24 %1076 CL=90% 2564
K3(2045)0y s L, 41 K*(892) " B1 (13 404 )x106 2560

. x 10 CL=90% 2244 K*(892)°vw B1 < 10 ©10-3  CL_90%
. * 0+ p— : =90% 2564
o Light unflavored meson modes 51(832) et BL [r] (1.17£030)x107° 2564
< 12 10—6 —90Y LF < 17 —7 —
Wy DI iurG ELZEA 2583 KOe* 7 " leg] D iig% CL=SO% 2639
o T s e =90% 2582 K*(892)0 e ¥ iF : . CL=90% 2615
i . x 10 CL=90% 2541 P < 34 %1076 CL=90% 2563

0o (4.8 £05 ) x1076 2636 + LF [gg] < 53 x10~4  CL=90% 2341
s 1 —6 wETT LF .
it (1.9 £0.5 ) x 10 : 2636 lgg] < 83 x10~4  CL=90% 2339

< 29 %1076 CL=90% 2610
TIIW 0 < 1.8 % 10—5 cL:gov/: 2582 Bi/BD ADM
™
?I'W' < 57 %1076 CL=90% 2551 IXTURE
< 47 x1075  CL=90%
/ (] 2460 -
. Cl i
Z'ZO < 27 «10-5  CL=90% 2522 P violation
h < 12 %1075 CL=90% 2492 Acp(B — K*(892)y) = —0.01 & 0.07
o < 10 %1075 CL=90% 2553 Acp(B — s7) = —0.08 £0.11
< 12 %1075 CL=90%
) 2552 i i
oy < 60 (1075 Coo% 201 ;:e‘?r&?)h”llghﬂm;on measurements are for an admixture of B mesons ot
wp < 11 Y105 cloo% o . The values quoted assume that B(7(4S) — BB) = 100%.
ww — For i ) i i "
e SR e o i i ol ok, 0o, e ol
o < 5 « 10,: CL—90% 2539 than e, plicities, not branching fractions. They can be greater
<9 x1076  CL=90% 2
f 6 511 =
. B ’
izo < 3.1 x1075  CL=90% 2447 themvssae; ;efiachj;ie conjggates of the modes below. Reactions indicate
b < 13 «10-5  CL=90% 2480 y ex and do not include mixing.
< 21 x1075  CL=90% 2479
= Scale factor,
ffw, 0 < 12 %1075 CL=90% 2435 B DECAY MODES Fraction (I;/T) Confidence 'e"g'(""e‘p’/c)
0 < 72 x107%  CL=90% 2631 Semi . .

p; n < 53 ©10-6  cL—s0% 2581 5 " ) emileptonic and leptonic modes

ke leg] ( 2.280.25) x 105 e ; € 7Vefnyth'ng ] [ff] (1073 + 0.28 )% _
o < 23 x1074  cL=90% 2621 B = Pe” veanything < 59 x1074 aL=90% -

0 6 - — £Tvganything [ ] (1073 £ 0.28 )¢

N < 21 x 10 CL=90% 2523 B -+ i 8 )% -
a1(1260)F m lgg]l < 4.9 x107%  CL=90% 2494 - 20 6 vganything  [r] (28 +09 )% _

a(1320)F 7+ gl < 30 4 B — DT ypanything  [r] ( 72 =15 )%

2 28] - x 10 CL=90% 2473 B — D™t 5 )% -
AT < 31 x1073  CL=90% 2622 B " regsl (27 =07 )% -

pTp < 22 % 10-3 - (74 + 16 -3

X CL=90Y 6 )x10 —

1(1260)0 70 s 3 90;’ zigz D1 (2420) £+ vyany-

0 . =07 thi
wm ing
o <3 x1076  CL=90% 2580
atatr a0 < 90 «10-3 _ ,,o B — D‘fr[+1/eany- (26 £05 )% S=15 _
a1(1260)* p h 3-4 103 CL=90% 2609 thing + =1
. %1073 CL=90Y ;

a1(1260)° p° < 24 x10~3 q—wjo 2133 D mL? vyanything
atrtata o™ < 3.0 x 1073 CL:90"/° 25:; o Dfﬁyanything (15 +06 )% -

a1(1260)F a1 (1260)~ - 28 103 CL:QU"/D e B — D*m{T ypanything (19 +£04 )% -
hatrtr oo a0 < 11 % L% ® 3 ° a0 ass -

=90% 2572 D3(2460) ¢t vpany-

thing
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B — D*~ntetypany- (100 + 034 )%
thing
B — Dy £t ypanything < 9 x 103
B — DLty K*tany- [l < 6 %103
thing
B — D;tTyKlany- [ < 9 %1073
thing
B — K*t¢typanything [l (62 +£06 )%
B — K~ ¢t ypanything [Pl (10 +4 )x1073
B — KO/K%¢+ygany- [r] (45 + 05 )%
thing
D, D*, or Ds modes
B — D¥anything (235 +£19 )%
B — D°/DOanything (640 +30 )%
B — D*(2010)* anything (225 + 15 )%
B — D*(2007)° anything (260 +27 )%
B — D¥anything leg] (105 =26 )%
B — D:*anything (79 +£22 )%
B— D¥D( (42 £12 )%
B — DD,7(2317) seen
B — DD,;(2457) seen
B— DHDMKO+  [ggnnn) ( 71 * 2T )y
DD k* '
b — cTs (2 +4 )%
B— D, DM lgghhh] ( 49 + 12 )%
B — D*D*(2010)* lgg] < 59 x10—3
B — DD*(2010)* + lgg] < 55 %1073
D*D*
B — DD* leg] < 31 %103
B— DsMFDMX (nrtygghmn (9 * 5 )%
B — D*(2010)y < 11 x 103
B — D5+ T, D;*w’, [ggl < 5 x 1074
D;'p’, D;+p’, D;’wo,
D;+7r0, D;rn, D;+n,
DEp0, DI, Dfw,
D;er
B — Ds;(2536) " anything < 95 x 1073
Charmonium modes
B — J/9(1S)anything ( 1.094% 0.032) %
B — J/9(1S) (direct) (78 +04 )x10 3
anything
B — 1(2S)anything (307 + 021 ) x1073
B — xc1(1P)anything ( 386 + 027 )x 1073
B — xc1(1P)(direct) any- ( 334 + 028 )x1073
thing
B — xc2(1P)anything (13 + 04 )x1073
B — xc2(1P)(direct) any- ( 165 + 031 )x1073
thing
B — n¢(1S)anything < 9 %103
K or K* modes
B — KZanything lgg] (789 +25 )%
B — K*anything (66 =+ )%
B — K~ anything (13 +4 )%
B — KO9/K%anything lgg] (64 £4 )%
B — K*(892)* anything (18 +£6 )%
B — [eg] (146 =+ 26 )%
K*(892)° / K*(892)% any-
thing
B — K*(892)y (42 + 06 )x107°
B — Ky(1400)y < 1217 x 1074
B — K3(1430)y (17 T 58 yx10-5
B — Kp(1770)y < 12 x 1073
B — K3%(1780)y < 30 %1073
B — K;(2045)y < 10 x 1073
B — Kmn'(958) (83 + 11 )x1075
B — K*(892)n'(958) < 22 %1075
B — Kn < 52 %106
B — K*(892)n (18 £ 05 )x107°
B— K¢o (23 +09 )x107®
B— b— 3y (33 +04 )x1074
B — b — Sgluon < 68 %
B — nanything < 44 x 1074
B — n'anything (46 + 13 )x1074

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

CL=90%
CL=90%

CL=90%

S=1.1
S=1.1

CL=90%

CL=90%

CL=90%
CL=90%
CL=90%

CL=90%
CL=90%

CL=90%
CL=90%

Light unflavored meson modes

B — pvy < 19 x1070  CL=90%
B — 7% anything legiil (358 +7 )%
B — =9 anything (235 +11 )%
B — 7 anything (176 +16 )%
B — p° anything (21 +£5 )%
B — w anything < 81 % CL=90%
B — ¢ anything (35 £07 )% S=1.8
B — ¢K*(892) < 22 %1075 CL=90%
Baryon modes
B — Af [ A anything (64 +£11 )%
B — A et anything < 32 x 1073 CL=90%
B — A_ panything (36 +£07 )%
B— A_petue < 15 x1073  CL=90%
B — X _~anything (42 + 24 )x1073
B — X _anything < 96 x 1073 CL=90%
B — X anything (46 + 24 )x10 3
B— X2N(N=porn) < 15 x 1073 CL=90%
B — Z%anything (14 + 05 )x10~4
x B(Z0 —» =—71)
B — = anything (a5 T 13 )x10*
X B(_:zr — _:77(+7r+)
B — p/panything [eg] ( 80 =+ 04 )%
B — p/p(direct) anything [gg] ( 55 + 05 )%
B — A/Aanything lgg] ( 40 + 05 )%
B — =~ /Z*anything leg] ( 27 + 06 )x1073
B — baryons anything (68 +£06 )%
B — ppanything (247 £ 023)%
B — Ap/Apanything lgg] ( 25 + 04 )%
B — AAanything < 5 x 1073 CL=90%
Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes
B — sete~ Bl (50 + 26 )x1076
B— sptu BI (79 T30 )x106
B — stti— BI [m] (61 T 20 )x1076
B— Kete™ B1 (48 T 15 )xw07
B — K*(892)ete~ B1 (15 + 05 )x1076
B— Kutp~ B1 (48 + 12 )x1077
B — K*(892)utu~  BI ( 17+ 337 ) x 1076
B — Kite~ BI ( 54 +08 )x1077
B — K*(892)¢t¢~  B1 ( 1.05 + 0.20 ) x10~°
B — etuFs LF gl < 22 x 1075 CL=90%
B — merput LF < 16 x 1076 CL=90%
B — petuT LF < 32 x 1076 CL=90%
B — Ke*xput LF < 16 x 1076 CL=90%
B — K*(892)etuT LF < 62 %1076 CL=90%

2617
2564
2612
2560

2617
2564

2637
2582
2616
2563

B*/B%/BY/b-baryon ADMIXTURE

These measurements are for an admixture of bottom particles at high
energy (LEP, Tevatron, SppsS).

b DECAY MODES

Mean life 7 = (1.564 + 0.014) x 10712 s

Mean life 7 = (1.72 + 0.10) x 10712 s
admixture

Mean life 7 = (1.58 + 0.14) x 10712 5
mixture

T charged b—hadron /T neutral b—hadron = 1.09 £ 0.13
|Arp| /T, 5 = —0.001 + 0.014

The branching fraction measurements are for an admixture of B mesons
and baryons at energies above the 7°(45). Only the highest energy results
(LEP, Tevatron, SppS) are used in the branching fraction averages. In
the following, we assume that the production fractions are the same at
the LEP and at the Tevatron.

For inclusive branching fractions, e.g., B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

The modes below are listed for a b initial state. bmodes are their charge
conjugates. Reactions indicate the weak decay vertex and do not include
mixing.

Scale factor/

Fraction (I';/T) Confidence level

Charged b-hadron

Neutral b-hadron ad-

P
(Mevo)
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PRODUCTION FRACTIONS Pion modes
The production fractions f Kly decaying b-had t high m+ anything (@7 21 )% -
e production fractions for weakly decaying b-hadrons at high energy 0 . o _
have been calculated from the best values of mean lives, mixing parame- 7 anything [iii] (278 +60 )%

ters, and branching fractions in this edition by the Heavy Flavor Averaging ¢anything ( 282+ 0.23) % -
Group (HFAG) as described in the note “B9-B? Mixing” in the B Particle

Listings. Values assume Baryo" modes
panythin 131 + 1.1 )% -
B(b — Bt)=B(b - BC) p/panything ( )
B(b — B%) + B — BY) +B(b — BY) + B(b — b-baryon) = 100 %. Other modes
charged anything [il] (497 +£7 )% -
The notation for production fractions varies in the literature (fd, dBO’ had +h d _ + 1.0 5
f(b — BO), Br(b — BY)). We use our own branching fraction notation adron™ hadron (177 g7 )x10 -
here, B(b — BY). charmless (7 #21 )x1073 -
Bt (397 = 10)% - _ Baryon modes
B (397 £ 10 )% - A/ Aanything (5.9 +06)% -
Bg (107 + 1.1 )% - b-baryon anything (102 + 28)% -
té—baryon (99 £ 17)% - AB = 1 weak neutral current (B1) modes
¢ B ut pu~ anything B1 < 32 x10—% CL=90% -
DECAY MODES
. . . _ 11—
Semileptonic and leptonic modes 1Py = 117)
vanything (231 £15)% -
£F vyanything [rr] ( 10,68+ 0.22) % - 1, J, P need confirmation. Quantum numbers shown are quark-model
et veanything ( 10.86+ 0.35) % - predictions.
ut v, anything (1095F 523 % - Mass mg. = 5325.0 + 0.6 MeV
D~ £+ vyanything Il (23 + 04)% s-17 - Mg: — mp = 45.78 &+ 0.35 MeV
D~ at ¢+ ypanything (49 £19)x1073 -
D™ @ €T yanything (26 + 1.6 )x1073 - B* DECAY MODES Fraction (';/T') p (MeVyc)
D° ¢+ vyanything [l ( 6.90% 035)% - By dominant 5
DOn~ ¢+ ypanything ( 1.07+ 027)% -
DOt €* ypanything (23 + 16)x1073 -
D*~ £* ypanything [l ( 2.75+ 0.19)% -
D*—gtt vganything (48 + 1.0 )x 10-3 - BOTTOM, STRANGE M ESONS
D*~n~ £+ yyanything (6 +7 )x104 - (B: :|:1' S= :F]_)
Dy £ vganything [rr.jij]  seen - o = =
— _z - %0
D%(2460)~ T vganything seen - Bg = sb, B; =5b,  similarly for B{'s
charmless {7, [ ( 1.7 + 05)x1073 -
7% v, anything ( 248+ 0.26) % - 0 P B
D*~ 7 v, anything (9 +4 )x1073 - By 1(J7) =0(07)
T — {~Dyanything [rr] ( 80 + 04)% -
¢ — £T vanything (16 F %)% - 1, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
- Charmed meson and baryon modes Mass m o = 5369.6 £ 2.4 MeV
DO anything (610 + 32)% - s 12
D0 % anvihi t 30, ~ Mean life 7 = (1.461 & 0.057) x 10712 s
s anything lggl (917 38)% r = 438 um
+ . + 23 -
DT D& anything leg] (40T 73)% BY-BY mixing parameters
DO D%anything legl ( 51 20)% - Amgy =mgy —mgo > 144x 1012 fis™1, CL = 95%
s sH sL
DO D* anything legl (277 18)% - > 94.8 x 10710 MeV, CL = 95%
D* DF anything lgg] < 9 % 1073 CL=90% - Xs = Amsg/rsg > 20.6, CL = 95%
D~ anything (231 +22)% - xs > 0.49883, CL = 95%
D*(2010)* anything (173 + 20)% - . } T 0 0
D1(2420)Oanything ( 50+ 15)% _ Thes.e branchllng fractlon.s all scale with B(b — BS.)’ theiLEP Bsopro—
N Tt ) L16 duction fraction. The first four were evaluated using B(b — Bs) =
D*(2010) Ds anything les] (337 13)% - (10.7 =+ 1.4)% and the rest assume B(b — Bg) =12%.
0 p* + i + L1y, -
b°D (2010) anything leg] (30 2 0.9 )% The branching fraction B(B‘SJ — D;£+u[anything) is not a pure mea-
D*(2010)F DF anything legl ( 25+ %g )% - surement since the measured product branching fraction B(b — Bg) X
D*(2010)i D*(2010)T anything [gg] ( 1.2 + 04 )% - B(B0 — D7£+u£anything) was used to determine B(b — BO), as
D;(2460)Oanything (47 +27)% _ described in the note on “Production and Decay of b-Flavored Hadrons.”
D7 anything (18 +5 )% — For inclusive branching fractions, e.g., B — Dianything, the values
Dianything (101 + 3.1 )% _ :s:sllgn:re multiplicities, not branching fractions. They can be greater
At anything (97 +29)% -
€/ c anything [iii] (116.6 £+ 3.3 )% - P
Bg DECAY MODES Fraction (I;/I) Confidence level (MeV/c)
Charmonium modes — -
J/4(1S)anything ( 116+ 0.10)% - Dy anything (94 £30 )% -
1(2S)anything ( 48 + 24)x1073 - Dy £* vganything [kkk] (7.9 + 2.4)% -
Xc1(1P)anything (15 £05)% - Dy wt <13 % 2322
K or K* modes Ds )+ Dg ()= @ A% -
s (31 +11 Jxmfi - J/9(1S) ¢ (93 + 33)x10~4 1590
Sl/il/ ) < 6.4 x 1074 CL=90% - J/9(1S) w0 < 1.2 x 1073 90% 1788
K. anything (74 6 )% - J/9(15)n < 38 x10-3 90% 1735
K anything (290 £29)% - »(25) ¢ seen 1123
ot < 17 x 1074 90% 2681
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070 < 21 x 1074 90% 2681
70 < 1.0 x 1073 90% 2655
nn < 15 x 1073 0% 2628
20 p° < 3.20 x 104 90% 2570
#p° < 617 x10—4 90% 2528
X)) < 1.183 x10 3 90% 2484
Tt K™ < 21 x 1074 9% 2660
KT K- < 5.9 x 1075 90% 2639
K*(892)0 p0 < 767 x10~4 90% 2551
K*(892)° K*(892)° < 1.681 %1073 90% 2532
B K*(892)° < 1.013 %1073 90% 2508
pp < 5.9 %1075 90% 2516
% < 148 x 1074 90% 2685
oy < 12 x 104 90% 2588
Lepton Family number (LF) violating modes or
AB = 1 weak neutral current (B1) modes
wtu~ B1 < 20 x 106 90% 2683
ete B1 < 54 %1075 0% 2685
et uF LF  [gg] < 6.1 % 10~6 90% 2684
$(1020) put p— BI < 47 x 1075 90% 2584
GvT BI < 5.4 x 103 9% 2588
BOTTOM, CHARMED MESONS
(B=C=4=1)
Bzr = ch, B; =7¢Cb, similarly for B’é’s
B 1Py = 0(0™)
I, J, P need confirmation.

Quantum numbers shown are quark-model predicitions.

Mass m = 6.4 £ 0.4 GeV
Mean life 7 = (0.4675:18) x 10712 5

B; modes are charge conjugates of the modes below.

P

Bg’ DECAY MODES x B(b — B¢) Fraction (I; /) Confidence level (MeV/c)

The following quantities are not pure branching ratios; rather the fraction
ri/T x B(b — Bg).

J/9(1S) €+ vyanything (52724 x 1075 -

J/p(1S)xt <82 x 1075 90% 2448
J/p(1S)r Tt~ <57 x 1074 90% 2429

J/9%(1S) a1 (1260) <12 %1073 90% 2255
D*(2010)* DY <62 x 1073 90% 2546

| c¢ MESONS

/G(JF’C) =0t~

Mass m = 2979.6 £ 1.2 MeV (S = 1.7)
Full width I = 17.3%27 MeV (S = 1.1)

P
Confidence level (MeV/c)

n¢(1S) DECAY MODES Fraction (I';/T)

Decays involving hadronic resonances

7'(958) (41 £1.7 )% 1321
pp (2.6 £0.9 )% 1272
K*(892)° K~ 7t + c.c. (2.0 £0.7 ) % 1275
K*(892) K*(892) (85 +3.1 ) x 1073 1194
KT K~ (29 +1.4 ) x 1073 1101
) (26 £0.9 )x 1073 1086
ao(980) ™ <2 % 90% 1323
ay(1320) <2 % 90% 1194
K*(892)K + c.c. < 1.28 % 90% 1307
£(1270)n <11 % 90% 1143
ww <31 x 1073 90% 1268

Decays into stable hadrons

KKn (57 £16 )% 1379
nmw (49 +1.8 )% 1426
atr KT K™ (15 £0.6 )% 1343
2(KTK™) (15 £07 ) x 1073 1053
2(rtnT) (1.20:£0.30) % 1457
PP (13 +0.4 )x 1073 1157
KKn <31 % 90% 1263
xtn~ pp <12 % 90% 1024
AA <2 x 1073 90% 987
Radiative decays
% (43 +15 )x 1074 1490
J/$(15) 16UPG 0@~ )
Mass m = 3096.916 & 0.011 MeV
Full width ' = 91.0 & 3.2 keV
lee = 5.40 & 0.15 & 0.07 keV
Scale factor/ P
J/%(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons (87.7 +£05 )% -
virtualy — hadrons (17.0 £2.0 )% -
ete~ (5.93+0.10) % 1548
wtu~ ( 5.88£0.10) % 1545
Decays involving hadronic resonances
pm (1.27£0.09) % 1448
P00 (42 +05)x1073 1448
a(1320) p (1.09£0.22) % 1123
wrtatr o~ (85 +34)x1073 1392
wrta~ (72 £1.0 ) x1073 1435
w(1270) (43 £06 ) x1073 1142
K*(892)° K5(1430)° + c.c. (67 +26)x1073 1012
wK*(892)K + c.c. (53 +2.0)x1073 1097
KtTK*(892)" + c.c. (5.0 +£0.4 ) x1073 1373
KOK*(892)° + c.c. (42 +04 )x1073 1373
K1(1400)F KF (38 £1.4 )x1073 171
wndn0 (34 £08)x1073 1436
by (1235)% + lgg] (30 +05)x1073 1300
wK* KL lgg] (29 £0.7 ) x 1073 1210
by (1235)0 70 (23 +0.6 ) x1073 1300
dK*(892)K + c.c. (2.04+0.28) x 10-3 969
wKK (1.9 +0.4 )x1073 1268
wh(1710) - wKK (48 £11)x1074 878
¢2(rt77) ( 1.60£0.32) x 1073 1318
A(1232) o~ (16 £05 ) x10~3 1030
wn ( 1.58£0.16) x 1073 1394
OKK ( 1.54+0.21) x 1073 1179
¢f(1710) » oKK (3.6 +£0.6)x1074 875
ppw (1.30£0.25) x 1073 s=1.3 768
A(1232)+ A(1232)7~ ( 1.1040.29) x 103 938
X (1385)” X(1385)T (orc.c.)  [gg] ( 1.03+0.13) x 1073 697
pPn’(958) (9 +4 )x1074 S=17 59
$14(1525) (8 4 )x107% 5=2.7 871
orta~ (80 £1.2)x1074 1365
dKTKLnT lgg] (7.2 £0.9 ) x 104 1114
w1 (1420) (68 +2.4 )x1074 1062
én (65 £0.7 )x1074 1320
=(1530)" =+ (59 +15)x1074 601
pK— X (1385)° (51 +£32)x1074 646
wnd (4.2 £0.6 ) x10~4 S=1.4 1446
¢n'(958) (33 +04 )x1074 1192
¢ 15(980) (32 £09)x1074 S=19 1182
Z(1530)0=° (32 £14 )x1074 608
> (1385)~ =+ (or c.c.) lgg] (3.1 £05 ) x10—4 855
¢ 1 (1285) (2.6 +£05)x1074 s=1.1 1032
o1 (1.93£0.23) x 1074 139
wn'(958) ( 1.67£0.25) x 10~4 1279
wf(980) (14 £05 ) x 1074 1271
pn'(958) ( 1.05+0.18) x 10~4 1281
pPPo (45 £15)x 107> 527
3,(1320)* 7 F leg] < 4.3 %1073 CL=90% 1263
KK3(1430)+ c.c. < 40 x1073  CL=90% 1159
Ky(1270)* KF < 3.0 x10—3  CL=90% 1231
K3%(1430)° K3(1430)° < 29 x10~3  CL=90% 604
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K*(892)° K*(892)° <5 x1074  CL=90%
¢ (1270) < 37 %1074  CL=90%
pPp < 31 x 1074 CL=90%
¢n(1405) — ¢nmm < 25 x 1074 CL=90%
wf%(1525) < 22 x10~4  CL=90%
> (1385)°A < 2 x1074  CL=90%
(1232)+ <1 x10~4  CL=90%
07 <9 x 1072 CL=90%
70 < 68 %1076 CL=90%
Decays into stable hadrons
2(nt 7 )70 (13.37£026) %
3(atr )70 (29 £06 )%
atr o0 ( 1.5040.20) %
atr- 0Kt K= ( 120i030)%
4(rtr )70 (9.0 £3.0 )x 1073
ata” KT K™ (72 423 )x 1073
KKn (6.1 £1.0 )x1073
pprta™ (6.0 £05)x1073 S=13
2(rtnT) (4.0 £1.0 )x 1073
3(rtaT) (4.0 +2.0)x1073
nartr (4 +4 )x1073
5050 (1.2740.17) x 1073
2Arta ) KT K- (31 1.3 )x1073
pprt a0 [ (2.3 £0.9 ) x 1073 S=1.9
pp (2.12£0.10) x 1073
PPN ( 2.09+0.18) x 1073
pAT (2.00£0.10) x 1073
nn (22 £04 )x1073
== (1.8 £0.4 ) x 1073 s=1.8
AA (1.30£0.12) x 1073 s=1.1
pp7° ( 1.0940.09) x 1073
AL~ xt (or c.c.) lgg] ( 1.06+0.12) x 10—3
pK—A (89 +1.6 ) x10~4
2(KTK™) (9.2 +33 )x 1074 s=13
pK— X0 (2.9 £0.8 )x 1074
KT K~ (2.37£0.31) x 1074
K%K‘Z ( 1.4640.26) x 10~4 s=27
AAx© (2.2 £0.6 ) x 1074
s ( 1.47£0.23) x 1074
AT+ cc < 15 x 1074 CL=90%
KIKY < 52 x1076  CL=90%
Radiative decays
¥1c(15) (1.3 £04)%
'y7r+7r’27r0 (83 +£3.1)x1073
ynmmw (6.1 +1.0 )x 1073
yn(1405/1475) —» yKK= [Pl (28 +06)x1073 S=1.6
y1(1405/1475) — ~7p° (6.4 £1.4 )x 107>
yn(1405/1475) — ypat o (3.0 £05 ) x 1074
Ypp (45 408 )x 1073
y1o(1870) = y7t 7w (6.2 +24 )x 1074
7' (958) ( 4.31£0.30) x 1073
~y2nt2n~ (2.8 £05 ) x 1073 S=1.9
yKYK=ntr (2.1 £0.6 ) x 1073
~y f4(2050) (27 £0.7 )x 1073
yww ( 1.59+0.33) x 1073
y1(1405/1475) — 0 p0 (1.7 +04 )x1073 s=13
7 £(1270) (1.38£0.14) x 1073
1 (1710) » yKK (8 *%:g ) x 1074 S-1.2
N (8.6 £0.8)x107%
vf(1420) = YKK= (7.9 £1.3 ) x 1074
£ (1285) (6.1 408 )x107%
£ (1510) —» ypatw (45 £12 )x1074
5 (1525) (4 *3:‘71 yx 1074
7 £(1950) — (7.0 £22 ) x 1074
7 K*(892)K*(892)
7 K*(892) K*(892) (40 £13 )x1073
2] (40 £1.2 )x10~4 s=2.1
PP (3.8 +£1.0 )x10—4
yn(2225) (2.9 +0.6 )x 1074
yn(1760) — 7p°p° (1.3 £09 )x 1074
y(KKm) JPC_g—+ (7 +4 )x1074 s=2.1
a0 (3.9 £13)x1075
ypprt T < 79 x107%  CL=90%
% <5 x107%  CL=90%

1266
1036
774
946
1003
912
1100
1032
1377

1496
1433
1533
1368
1345
1407
1442
1107
1517
1466
1106

988
1320
1033
1232

948
1174
1231

818
1074
1176

950

876
1131

819
1468
1466

998
1542
1034
1466

115
1518
1487
1223
1223

1340

1400
1517
1407

880
1336
1223
1286

1075

1500
1220
1283

1173

1266
1166
1232

752
1048
1442
1546
1107
1548

YAA < 13 x10~%  CL=90% 1074
3y < 55 x1075  CL=90% 1548
~;(2220) > 2,50 x 1073 CL=99.9% 745
¥£5(2220) — ymm_ (8 +4 )x1073 -
7£5(2220) —» yKK (81 £3.0)x107> -
vf;(2220) — ypP (1.5 £0.8 ) x 1073 -
7 f5(1500) >( 57 +£0.8)x 1074 1182
yete™ (88 £1.4 )x1073 1548
Lepton Family number (LF) violating modes
= uF < 11 %1076 CL=90% 1547
16(JPCy = o+ (0 + 1)
Mass m = 3415.19 + 0.34 MeV
Full width ' = 10.1 £+ 0.8 MeV
Xco(1P) DECAY MODES Fraction (I';/T) Confidence level (Mg\//c)
Hadronic decays
2(rtwT) (2.58+£0.31) % 1679
atr KT K™ (21 405 )% 1581
POntr (1.6 +0.5 )% 1607
3(rtm ) (1.27+0.22) % 1633
K+K*(892)° 71~ + c.c. (12 £04 )% 1524
Kt K= (6.0 £0.9 )x 1073 1635
T (7.4 £0.8 ) x 10~3 1702
nn (21 +1.1 )x1073 1617
KtK=Kt K~ (23 £05 )x 103 1334
KYKY (21 406 )x 1073 1633
xtr=pp (22 +0.8 )x1073 1320
o) (1.0 £0.6 ) x 103 1370
pp (2.2440.27) x 10—4 1427
AA (47 £16 )x 1074 1293
KKt~ + cc <8 x10—4 90% 1610
Radiative decays
~vJ/%(1S) (1.18+0.14) % 303
% (2.6 £0.5 ) x 1074 1708
GPCy = o1 ++)
Mass m = 3510.59 & 0.10 MeV (S = 1.1)
Full width ' = 0.91 £ 0.13 MeV
Xc1(1P) DECAY MODES Fraction ([;/T) p (MeVjc)
Hadronic decays
3(rtaT) (6.2+1.6) x 1073 1683
2(rtaT) (8.2+29) x 1073 1727
ata” KtK~ (4.9+1.1)x 1073 1632
POrta— (3.943.5) x10~3 1657
Kt K*(892)%7~ + c.c. (32421) x 1073 1577
K"5 Ktr~+ cc (25+£07) x 1073 1660
atr " pp (53+21) x 1074 1381
KtK=KT K~ (4241.9) x 1074 1393
pp (7.2£1.3) x 1075 1483
AA (26+12) x 1074 1355
T + KYK- < 21 x 1073 -
Radiative decays
~vJ/(1S) (31.6+3.3) % 389
G(JPC):0+(2++)
Mass m = 3556.26 & 0.11 MeV
Full width ' = 2.11 £ 0.16 MeV
Xc2(1P) DECAY MODES Fraction ([;/T) Confidence level (MSV/C)
Hadronic decays
2(rtaT) (1.48+0.21) % 1751
atr T KT K™ ( 1.2440.33) % 1656
3(rtm ) (1.07+0.24) % 1707
POrta— (7 +4 )x1073 1681
Kt K*(892)%7~ + c.c. (48 £28)x1073 1602
[ox) (24 £09)x1073 1457
ata~ (1.77+0.27) x 1073 1773
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J/p(1S)rtm
KK+ 7=+ cc.

7J/%(1S)
Y

(1.1 £0.7 )x 1073 1773
< 15 x 1073 90% 1692
(1.8 £05 ) x 1073 1421
(1.7 £04 ) x 1073 1410
(9.4 £21 ) x 1074 1708
(72 427 )x10 4 1707
(6.8 +0.7 )x 107> 1510
(3.4 +£1.7 )x10~4 1385
< 15 % 90% 186
< 13 x 103 90% 1685

Radiative decays

(202 £1.7 )% 430
(2.46+0.23) x 10~% 1778

16(PCY =0—(1— )

Mass m = 3686.093 + 0.034 MeV (S = 1.4)
Full width I = 281 + 17 keV
lee = 212 % 0.12 keV

$(25) DECAY MODES

Scale factor/ P

Fraction (I';/T) Confidence level (MeVjc)

hadrons
virtualy — hadrons
ete~
wrp
Tt~

97.85+0.13) % -

(

(2.16+0.35) % s=2.1 -
( 7.55+0.31) x 10—3 1843
(7.3 £0.8 )x 1073 1840
(2.8 +0.7 ) x 1073 489

Decays into J/4(1S)and anything

J/¥(1S)anything
J/¥(1S) neutrals
J/p(1s) Tt
J/(18)x°
J/¢(1sg

J/(18) 70

3(rtam)n0
ot )a®
pax(1320)
wrta™
bli fai
w£(1270)
trT Kt K-
K*(892) K3(1430)°
Ky (1270)* KF
wta pp

KtK*(892)%~ + c.c.

2(rt o)
POt
wKT K~

wpp

K1(1400)i K¥
—*0 —*0
ot
KtK— a0
K+ K*(892)~ + c.c.
pnta—
¢(980) —» wta~
PKT K™
épp
$£5(1525)

(57.6 +£2.0 )% -

(246 £1.2 )% -
(317 +1.1 )% 477
(18.8 +£1.2 )% 481
(3.1640.22) % 199
(9.6 £2.1 )x10—4 528
Hadronic decays
(35 +£1.6 ) x10—3 1746
(3.0 £08 )x1073 1799
< 23 x10~%  CL=90% 1500
(48 +£0.9 )x107% 1748
(32 £08 )x 1074 1635
< 15 x107%  CL=90% 1515
(1.6 £0.4 )x1073 1726
< 12 x10~%  CL=90% 1418
( 100i028)><10 3 1581
(8.0 £2.0 )x107% 1491
(6.7 £25 )x 1074 1674
(45 +1.0 )x10~4 1817
(42 £15)x 1074 1750
(1.5 £0.4 )x 1074 1614
(8.0 £3.2)x107° 1247
( 207i031)><10 4 1586
(1.8140.34) x 1074 1467
(1.5 £1.0 ) x 1074 1774
(1.4 £05 ) x10—4 1543
( 128i035)><10 4 1371
(1.2 £0.6 ) x 10—4 1405
(1.1 +£0.4 )x10—4 1218
(1.0 £0.7 ) x 1074 1776
(52 407 )x 1075 1775
(8 +5 )x107° 1830
< 83 X102  CL=90% 1759
(8 +5 )x107° 1838
(9.4 £3.1 )x107° 1285
< 3.1 x107%  CL=90% 1532
< 81 x107%  CL=90% 1025
< 13 x107%  CL=90% 774
< 2,96 x107%  CL=90% 1754
< 5.4 X105  CL=90% 1698
(1.5040.28) x 104 1690
(6.0 +2.2 )x 107> -
(6.0 £2.2 )x107° 1546
< 26 x107%  CL=90% 1109
< 45 x107%  CL=90% 1321

Radiative decays

YXxco(1P) (86 £07)% 261
YXc1(1P) (84 £08)% 171
Yxc2(1P) (6.4 £06)% 128
¥1c(15) (28 +0.6)x1073 639

7'(958) (15 £0.4 )x 1074 1719
v, (1270) (21 £04 )x 1074 1622
vf(1710) —» y7m (3.0 £1.3 ) x 1075 -
yf(1710) - YKK (6.0 1.6 ) x1073 -
% < 15 x1074  CL=90% 1843
n < 9 x107%  CL=90% 1802
yn(1405) - yKK= < 12 x1074  CL=90% 1569

1SRG =070 )

Mass m = 3770.0 £ 2.4 MeV (S = 1.8)
Full width I = 23.6 + 2.7 MeV (S = 1.1)
lee = 0.26 + 0.04 keV (S =1.2)
p
Scale factor (MeV/c)

$(3770) DECAY MODES Fraction (I';/T)

DD dominant 276
ete (1.1240.17) x 1075 12 1885

1(4040) [mmml

Mass m = 4040 £+ 10 MeV
Full width ' = 52 £+ 10 MeV
lee = 0.75 & 0.15 keV

GUPG =017 )

$(4040) DECAY MODES Fraction (';/I) p (Mevjc)
ete” (1.4+04) x 10 5 2020
DOD° - seen 777
D* (2007)020 + c.c. seen 577
D*(2007)° D* (2007)° seen 231

Mass m = 4159 + 20 MeV
Full width ' = 78 £ 20 MeV
lee = 0.77 & 0.23 keV

¥(4160) DECAY MODES Fraction (I';/T) p (MeVfc)

ete~ (104+4) x 1076 2080

(4415) [mmm]

Mass m = 4415 £+ 6 MeV
Full width T = 43 £ 15 MeV (S = 1.8)
lee = 0.47 £ 0.10 keV

GUPG =017 )

¥(4415) DECAY MODES Fraction ([;/T) p (MeVjc)
hadrons dominant -
ete~ (1.1+0.4) x 1075 2207

bb MESONS

1G6UPCYy =0—(1— )
Mass m = 9460.30 % 0.26 MeV (S = 3.3)

T(15)
Full width ' = 53.0 £+ 1.5 keV

Mee = 1.314 + 0.029 keV

P
T(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

+ - +0.14
T T (2.677'7¢) % 4384
ete” (2.38+0.11) % 4730
wtp~ (2.4840.06) % 4729
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Hadronic decays
(2.8 £04 )%

7'(958) anything _
(1.1 +0.4 ) x 1073 4223

J/¥(1S)anything

pm <2 x 1074 90% 4697
ata~ <5 x10~4 0% 4728
KTK <5 x 1074 0% 4704
pP <5 x 1074 90% 4636
wOntr < 1.84 x 1075 90% 4725

Radiative decays

yata~ (6.3 £1.8 ) x 1075 4728
ya0 0 (1.7 £0.7 ) x 1075 4728
y2ht2h~ (7.0 £1.5 ) x 104 4720
y3ht3h~ (5.4 +2.0 ) x 1074 4703
yahtah~ (7.4 £35 ) x 104 4679
yrta~ KT K™ (29 +0.9 ) x 1074 4686
y2nt2n~ (25 £09 ) x 1074 4720
37t 3n (25 +12 ) x 1074 4703
yort2on Kt K~ (24 £12 ) x 1074 4658
yatn~pp (1.5 +£0.6 ) x 1074 4604
y2rt2n T pp (4 £6 )x107> 4563
y2K+t2K~ (2.0 £2.0 ) x 1072 4601
¥1'(958) <16 %1073 90% 4682
T <21 x 1075 90% 4714
y£4(1525) <14 x 1074 90% 4607
7 £(1270) (8 +4 )x107° 4644
yn(1405) <82 x 1075 90% 4625
yf(1710) —» YKK <26 x 1074 90% 4576
vf(2200) - YK+ K~ <2 x 1074 0% 4475
¥£(2220) — yKT K~ <15 x 1075 90% 4469
v£(2220) — yrta <12 %1075 90% -
vfy(2220) —» ypP <16 x 1075 90% -
yn(2225) — yod <3 x 1073 90% 4469

X <3 %1073 90% -

(X = pseudoscalar with m< 7.2 GeV)

yXX x 1073 90% -

<1
(XX = vectors with m< 3.1 GeV)

/G(JPC) =0t ++)
J needs confirmation.

xeo(1P)

Mass m = 9859.9 &+ 1.0 MeV

P
xpo(1P) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)

7 T(1S) <6% 90% 391

ete” ( 1.3440.20) % 5012
T(1S5)x° < 11 x1073 90% 531
T(1S)n <2 x 1073 90% 126
J/4(1S)anything < 6 x 1073 90% 4533
Radiative decays
Yxb1(1P) (68 £07)% 130
Yxp2(1P) (70 £06)% 110
Yxpo(1P) (38 £06)% 162
7 f(1710) < 59 x 1074 90% 4865
7 4(1525) < 53 x 1074 90% 489
7 £(1270) < 241 x 1074 90% 4930

,G(JPC) =0T+
J needs confirmation.

Xxp0(2P) 1"

Mass m = 10.2321 £ 0.0006 GeV

Xxpo(2P) DECAY MODES Fraction (I;/T) p (MeVc)
7 T(2S) (4.6£2.1) % 207
v T(1S) (9 +6 )x1073 743

,G(JPC) _ 0+(1++)

Xb1(2P) [nnn]
J needs confirmation.

Mass m = 10.2552 & 0.0005 GeV
My 1(2P) — Myo2P) = 23.5 & 1.0 MeV

P
xp1(2P) DECAY MODES Scale factor (MeVjc)

7 T(2S) (21 +4 )% 15 229

) (85+13)% 1.3 764
,G(JPC) =ot@*+™)

xb2(2P)
J needs confirmation.

Mass m = 10.2685 % 0.0004 GeV
My s(2P) = My, (2P) = 13.5 % 0.6 MeV

Fraction (I';/T)

2
=
=
=
)

Xp2(2P) DECAY MODES Fraction (I';/T) p (MeVjc)
7 T(2S) (16.2£2.4) % 242
7 T(1S) (71+£1.00% 776

1GUPC =0~ )

| T(35) |

,G(JPC) =ot@a++)
J needs confirmation.

Mass m = 9892.7 + 0.6 MeV (S = 1.1)

xp1(1P) [

Xp1(1P) DECAY MODES
v T(1S) (35£8) % 423

Fraction (I';/T) P (MeV/c)

/G(JPC) =ot@++)
J needs confirmation.

Mass m = 9912.6 + 0.5 MeV (S = 1.1)

xea(1P)

Xp2(1P) DECAY MODES Fraction (I';/T) p (MeVc)
v T(1S) (22£4) % 442
T(25) 16UPCY =0—(1— )

Mass m = 10.02326 + 0.00031 GeV
Full width ' = 43 + 6 keV
lee = 0.576 = 0.024 keV

p
7T(25) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)

TAS)nt ™ (18.8 +£0.6 )% 475
T(18)70x0 (9.0 +0.8 )% 480
THro (1.7 £16 )% 4686
utu~ ( 1.31£0.21) % 5011

Mass m = 10.3552 + 0.0005 GeV
Full width I' = 26.3 & 3.4 keV

Scale factor/

P
T(3S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

T(2S)anything (10.6 +£0.8 ) % 296
TES)nt 7~ (28 £06)% 5=2.2 177
7(2S)x0x° (2.00+0.32) % 190
T(2S)yy (50 £0.7 )% 327

TAS)nt 7~ ( 4.48+0.21) % 813

T(1S) 70 =0 ( 2.06:£0.28) % 816

T(1S)n < 22 x10 3 CL=90% 677

whp~ ( 1.81£0.17) % 5177

ete™ seen 5178

Radiative decays

vxb2(2P) (114 £0.8 )% S=1.3 86

7xp1(2P) (11.3 +£0.6 ) % 100

7xb0(2P) (54 +£06)% S=1.1 122
T(4S)

1GUPC =0~ )
or T(10580)
Mass m = 10.5800 + 0.0035 GeV
Full width I = 20 &+ 4 MeV
lee = 0.248 + 0.031 keV (S = 1.3)

P
T(4S) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)

BB > 9 % 95% 335
non-BB < 4 % 95% -
ete (2840.7) x 1075 5290

J/9(1S)anything < 19 x 1074 95% -
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D** anything + c.c. < 74 % 0% 5099
¢anything < 23 x 1073 90% 5240
T(1S)anything < 4 x 1073 90% 1053

T@AS)rt < 12 x10~4 90% 1027
TES)rt A~ < 39 x 1074 90% 469

7(10860) 1I6UPCY =0—(1 )

Mass m = 10.865 + 0.008 GeV (S = 1.1)
Full width ' = 110 £ 13 MeV
Fee = 0.31 + 0.07 keV (S =1.3)

T(10860) DECAY MODES Fraction (I';/T) p (Mevjc)

ete~ (2.8+0.7) x 10—6 5432

Mass m = 11.019 £ 0.008 GeV
Full width ' = 79 £ 16 MeV
lee = 0.130 % 0.030 keV

T(11020) DECAY MODES Fraction (I';/T) p (MeVjc)
ete~ (1.6+0.5) x 1076 5510
NOTES

In this Summary Table:
When a quantity has “(S = ...)" to its right, the error on the quantity has

been enlarged by the “scale factor” S, defined as S = +/x2/(N —1), where
N is the number of measurements used in calculating the quantity. We

do this when S > 1, which often indicates that the measurements are incon-
sistent. When S > 1.25, we also show in the Particle Listings an ideogram of
the measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying
particle. For a 3-or-more-body decay, p is the largest momentum any of the
products can have in this frame.

[a] See the “Note on 7% — {* vy and K= — (%~ Form Factors” in the
7+ Particle Listings for definitions and details.

[b] Measurements of ['(e™ v,) /I (1" v,,) always include decays with 4's, and
measurements of [(e™ v y) and (T v, ) never include low-energy 7's.
Therefore, since no clean separation is possible, we consider the modes
with 's to be subreactions of the modes without them, and let [I'(e™ ve)
+ r(NJr ”u)]/rtotal = 100%-

[c] See the 7 Particle Listings for the energy limits used in this measure-
ment; low-energy «'s are not included.

[d] Derived from an analysis of neutrino-oscillation experiments.

[e] Astrophysical and cosmological arguments give limits of order 10~13; see
the 70 Particle Listings.

[f] Due to a new measurement in the average, this is 0.45 MeV larger than
the mass we gave in our 2002 edition, 547.30 & 0.12 MeV.

[g] Due to removing an old measurement from the average, this is 0.11 keV
larger than the width we gave in our 2002 edition, 1.18 & 0.11 keV. See
the I'(2y) data block in the Data Listings.

[h] C parity forbids this to occur as a single-photon process.

[7] See the “Note on scalar mesons” in the fy(1370) Particle Listings . The
interpretation of this entry as a particle is controversial.

[j] See the “Note on p(770)" in the p(770) Particle Listings .

[k] The wp interference is then due to wp mixing only, and is expected to
be small. If ep universality holds, [(p® — ptp=) =T = ete™)
x 0.99785.

[/] See the “Note on scalar mesons” in the f;(1370) Particle Listings .

[m] See the “Note on a;(1260)” in the a;(1260) Particle Listings .

[n] This is only an educated guess; the error given is larger than the error on
the average of the published values. See the Particle Listings for details.

[o] See the “Note on non-gG mesons” in the Particle Listings (see the index
for the page number).

[p] See the “Note on the 5(1405)” in the 5(1405) Particle Listings.

[q] See the “Note on the f;(1420)" in the n(1405) Particle Listings.

[r] See also the w(1650) Particle Listings.

[s] See the “Note on the p(1450) and the p(1700)” in the p(1700) Particle
Listings.

[t] See also the w(1420) Particle Listings.

[u] See the “Note on fy(1710)" in the f(1710) Particle Listings .

[v] See the note in the K* Particle Listings.

[w] The definition of the slope parameter g of the K — 3 Dalitz plot is as
follows (see also “Note on Dalitz Plot Parameters for K — 37 Decays”
in the K% Particle Listings):

[MP2 =1+ g(s3 — so)/m2, + -

[x] For more details and definitions of parameters see the Particle Listings.

[v] Most of this radiative mode, the low-momentum ~ part, is also included
in the parent mode listed without ~'s.

[z] See the K Particle Listings for the energy limits used in this measure-
ment.

[aa] Structure-dependent part.

|bb] Direct-emission branching fraction.

[cc] Violates angular-momentum conservation.

[dd] Derived from measured values of ¢ _, ¢go, |7
kY as described in the introduction to “Tests of Conservation Laws.”

myo — M|, and
Kt Ks

[ee] The CP-violation parameters are defined as follows (see also “Note on
CP Violation in K¢ — 3x" and “Note on CP Violation in KE Decay”
in the Particle Listings):

Mo =l = LT T )

. AK? - 7070
700 = |mooe?o0 = v ) =€—2
A(KY — 7070)

!

I'(K[Z — a7 0ty) - I'(K[z — 7tew)

= 0 [y 0 o)
T(K)] = 7= LTv) + (K] = 77 v)
i )27 r(Kga 7r+7(77r0)CP viol.
o I'(Kg — ata79)
F(K% — 707070)
Im(mo00)? =

r(KY —» 70x%x0) '
where for the last two relations CPT is assumed valid, i.e., Re(ny_p) =
0 and Re(nggo) ~ 0.

[ff] See the K[’S Particle Listings for the energy limits used in this measure-
ment.

[gg] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[hh] Re(€' /€) = €' /e to a very good approximation provided the phases satisfy
CPT invariance.

[ii] See the K‘Z Particle Listings for the energy limits used in this measure-
ment.
[if] Allowed by higher-order electroweak interactions.

[kk] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[/l] See the “Note on f,(1370)" in the f;(1370) Particle Listings and in the
1994 edition.
[mm] See the note in the L(1770) Particle Listings in Reviews of Modern
Physics 56 No. 2 Pt. 1| (1984), p. S200. See also the “Note on K,(1770)
and the K,(1820)" in the K,(1770) Particle Listings .

[nn] See the “Note on K»(1770) and the K»(1820)" in the K,(1770) Particle
Listings .

[00] This result applies to Z0 — ¢T decays only. Here £+ is an average (not
asum) of et and p™T decays.

[pp] This is a weighted average of D¥ (44%) and D° (56%) branching frac-
tions. See “DTandD® — (7 anything) / (total Dt and D%)” under
“D+ Branching Ratios” in the Particle Listings.

[qq] This value averages the et and u branching fractions, after making a
small phase-space adjustment to the u+ fraction to be able to use it as
an e* fraction; hence our £ here is really an e*.

[rr] An £ indicates an e or a . mode, not a sum over these modes.



64
Meson Summary Table

[ss] The branching fraction for this mode may differ from the sum of the
submodes that contribute to it, due to interference effects. See the
relevant papers in the Particle Listings.

[tt] The two experiments measuring this fraction are in serious disagreement.
See the Particle Listings.

[uu] This value includes only 77~ decays of the intermediate resonance,
because branching fractions of this resonance are not known.

[w] Unseen decay modes of the resonance are included.

[ww] This mode is not a useful test for a AC=1 weak neutral current because
both quarks must change flavor in this decay.

[xx] This D[I)— Dg limit is inferred from the D9-D° mixing ratio [ (K* «~ (via
DP)) / T(K~#t) near the end of the DO Listings.

[yy] The exclusive et modes K etwe, K 70etwe, KOr etw, and
7~ et v, are constrained to equal this (well-measured) inclusive frac-
tion.

[zz] The experiments on the division of this charge mode amongst its sub-
modes disagree, and the submode branching fractions here add up to
considerably more than the charged-mode fraction.

[aaa] However, these upper limits are in serious disagreement with values ob-
tained in another experiment.

[bbb] For now, we average together measurements of the X et vg and X pt vy
branching fractions. This is the average, not the sum.

[ccc] This branching fraction includes all the decay modes of the final-state
resonance.

[ddd] This value includes only K+ K~ decays of the intermediate resonance,
because branching fractions of this resonance are not known.

eee] BY and BY contributions not separated. Limit is on weighted average of
s g g
the two decay rates.

[fff] These values are model dependent. See ‘Note on Semileptonic Decays’
in the B* Particle Listings.

[ggg) D** stands for the sum of the D(1'Py), D(13P,), D(13P;), D(13P,),
D(21Sp), and D(21S;) resonances.

[hhh] D)D) stands for the sum of D*D*, D*D, DD*, and DD.

[iif] Inclusive branching fractions have a multiplicity definition and can be
greater than 100%.

Liij] Dj represents an unresolved mixture of pseudoscalar and tensor D** (P-
wave) states.

[kkk] Not a pure measurement. See note at head of Bg Decay Modes.

[ Includes pprt« + and excludes ppy, ppw, pp7-

[mmm]JPC known by production in e e~ via single photon annihilation. 16
is not known; interpretation of this state as a single resonance is unclear
because of the expectation of substantial threshold effects in this energy
region.

[nnn] Spectroscopic labeling for these states is theoretical, pending experimen-
tal information.
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See also the table of suggested gg quark-model assignments in the Quark Model section.
e Indicates particles that appear in the preceding Meson Summary Table. We do not regard the other entries as being established.
1 Indicates that the value of J given is preferred, but needs confirmation.

LIGHT UNFLAVORED STRANGE BOTTOM
(S=C+B=0) (§=+1,C=B=0) (B==+1)
IG(JPC) IG(JPC) I(_/P) IG(JPC)
o7t 17(07) o m,(1670) 1=2~ 1) | ek* 1/2(07) e B* 1/2(07)
o7l 17(0~ 1) | o ¢(1680) 0-(1~ ") | KO 1/2(07) Y 1/2(07)
o 0t~ 1) | o ps3(1690) 13~ 7) | oKk 1/2(07) o B*/B% ADMIXTURE
o 1,(600) ot T) | ep(1700) e =) | ek? 1/2(07) . ﬁli){_?aéig/b—baryon AD-
o p(770) 1fa—7) | ay(1700) 17T | Kx(800) 1/2(0%) .
o w(782) 0=(1~7) |  K(1710) 0t ) | o K(392) 1/2(17) pep and Vuy, CKM Matrix
* 7/(958) 0t~ F) | n(1760) 0t~ 1) | Ky (1270) 121t | e B 1/2(17)
* 15(980) 0t ) | nx(1800) 170~ ) | o Ky(1400) 1/2(1) B*(5732) 2(7%)
* 20(980) 170+ ) | h(1810) 0@+ ) | o« ke(1410) 1/2(17) ’
o $(1020) 0~ (1~ ) | o¢s5(1850) 073~ ) | «K3(1430) 1/2(0") BOTTOM, STRANGE
o hy(1170) 0-@t )| m(1870) 0727 F) |  k3(1430) 1/2(2%) (B= 1 5= 1)
o by(1235) 1Fat ) | p(1900) P~ 7) | K(1460) 120°) | *B 0(0™)
* a1(1260) -1 | h(1910) 0P ) | ky(1580) 1/2(27) B; 0(1™)
* £(1270) 01(2 i i) * £(1950) 01(2 Y ke 1/2(7%) B} ;(5850) 7(7")
o £,(1285) 0F(FH) [ ps(1990) 6| k@ 120"
o (1295) 00~ 1) |« £(2010) et | ki) 1a0) BOT [, CHARMED
* 7(1300) 1700~ 1) | f(2020) 0O H) | o ky(1770) 1/2(27) e
* 2(1320) 17(27 1) |« a4(2040) 171 | o ky(1780) 12a) | *B 0(0™)
o 5(1370) 0T (T 1) | o f(2050) ot |, Kj(1820) 1/2(27) e
hy (1380) m(1F7) | m(2100) 1727 ) | k(830 1/2(07) s pEp—
o ™1 (1400) -1~ 1) | f(2100) 0FOF ) [ kx(1950) 120%) | . ZC( )5 07
o 7(1405) 0t~ +) | n(2150) ) | k980 120+ | . /¢(1P) e
o £,(1420) ot ) | p(2150) a0 |, Kf(2045) 1/2(4%) * XCO(iF,) 0+((1) 4 +)
o w(1420) 0m@~ ") | f(2200) ot K“(2250) 122 * :CI(P ) 37 (777 )
s1e0) ot | peae)  orerr | R AR a0 ),
o a0(1450) 1-(0++) orat ) Ki(2380) ) . Xcz(; ) 0+(2 N +)
« p(1450) 1@ ) | p(2205) (DI I rta— "6(25 ) 0T ™)
ep(s0)  0H0 ) | pme2so) x| RO )t )
o 15(1500) 0t ++) | o £(2300) ottt (3100) 7 * v(3770) o
f,(1510) ofat+™h) £(2300) ottt CHARMED V(3836) 37 (77 )
o 1(1525) 0@t 1) | «5(2340) 02t (C= +1) X(3872) AR
£ (1565) 0t ++) | ps(2350) 156~ 7) [w ot a0 Ll o0
hy(1595) 0 (1t )| a(2450) 17(6++) | o po 1200) | ° “4415) 0,( )
em600) 1707 | 4@10) 0Tt [ eprpoore  1j20m) | o) ¢
a1(1640) 1m@at « D*(2010)* 1/2(1~ 3
Alssn) ot OTHERLGHT Sowop a0 5 T
o 7(1645) of(2—+) | Further States D1(2420)* 1/2(2%) . 72;‘7((15)) O’El - 7;
* w(1650) 0m(@aT"7) o D3(2460)° 1/2(2%) o Xwo(1P) ot ++)
* w3(1670) -3 ) o D3(2460)% 1/2(2?) o Xo1(1P) ot t )
D*(2640)* 1/2(7%) o xp2(1P) ottt
o T(25) 0—(17 )
CRARMED STRANGE | 1 op) g+
T e * xb1(2P) of@t)
i Ogﬂ)) o X02(2P) 0t )
OLEE 00T | g )
o D,y(2460)  0(17T) o 7(10860) 0 (1)
o Dui(2536)*  0(1F) o T(11020) 0 (1)
o Dyy(2573)% 0(?%)
NON-qg CANDIDATES
NON-qg CANDIDATES
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This short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3-
or 4-star status are included in the main Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in
the short table are not established as baryons. The names with masses are of baryons that decay strongly. For N, A, and = resonances, the
partial wave is indicated by the symbol Ly ;, where L is the orbital angular momuntum (S, P, D, ...), [l is the isospin, and Jis the total
angular momentum. For A and ¥ resonances, the symbol is L; 5;.

p Pll *%kkk A(1232) P33 k%% N P01 k%% Z+ 'D11 *kokk _:0 P11 *%kkk
n Pi1 RREK | A(1600)  Pa3 *kk A(1405) So1 *kkk | 30 Py kkkk | =— Py kKK
N(1440)  Pyp  *%%% | A(1620) S5 RRkx [ A(1520) Doy ¥RRE | X Py kekk | Z(1530)  Pyy  RRE
N(1520)  Dy3  **%*% | A(1700) Ds3 ***x | A(1600)  Po;  *** | Z(1385)  Pi3 ¥¥*F | =(1620) *
N(1535)  Sip FRRX | A(1750) Py * A(1670) Sy *¥xx | X(1480) * =(1690) Kk
N(1650)  Spyi  *¥*** [ A(1900) S ** A(1690) Dz ¥ | X(1560) kx Z(1820)  Dy3 R
N(1675)  Dys  *** | A(1905)  Fa5  **%* | A(1800) Sy *** | X(1580) Di3  ** =(1950) hk
N(1680)  Fis  ***% | A(1910) Py **xx | A(1810)  Pp;  *** | Z(1620)  Sii ** | =(2030) FE
N(1700)  Dy3  *** | A(1920) Py *** | A(1820)  Fps  *¢kx | Z(1660) P *¥** | =(2120) *
N(1710) Py ®% | A(1930) D5 *** | A(1830) D5 ¥¥*x [ X(1670)  Diz **R | =(2250) H
N(1720) P13 **%* | A(1940) D33 * A(1890)  Pp3  *¥xx | X(1690) ** =(2370) Hok
N(1900) Pz ** A(1950)  F3; x| A(2000) * X(1750) Sy *** | =(2500) *
N(1990) F7  ** | A(2000) Fzs  ** [ A(2020) Ry ¥ X(1770) Py *
N(2000) Fi5s  ** | A(2150) S;  * A2100)  Goy  ¥xxx | Z(1775)  Dys  RRR | Q- ok
N(2080) Dyz  ** | A(2200) Gy * A(2110)  Fps  **x | X(1840) P13 * 2(2250)~ Ak
N(20%0) S ¥ A(2300)  Hig  ** [ A(2325) Doz * T(1880) Py ** | £2(2380)7 *
N(2100) Py ¥ A(2350) D35 * A(2350)  Hpy *** | Z(1915)  Fs  *RRx | 2(2470)7 *
N(2190) Gz *¥¥¥* | A(2390) F3;  * /(2585) *x X(1940) Dy3 R
N(2200) D5 ** | A(2400) Gy  ** (20000 S * 7 Frkx
N(2220) Hig *kokk A(2420) H3’11 *kkk X(2030) Fi7 *okokok /\C(2593)+ *kk
N(2250)  Gig  *MX | A(2750)  fq3  ** X(2070) F5 ¥ Ac(2625)* o
N(2600)  hp ¥* A(2950)  Ksps ** X(2080) Pz ** Ac(2765)" *
N(2700)  Kyiiz ** ' T(2100) Gy * Ac(2880)* *
©(1540)* Hokk ¥ (2250) *kk | 3 (2455) khkk
®(1860) * X (2455) ** | £(2520) FHk
5(2620) | ZF Hhk
X(3000) * =0 ok
X (3170) * B ok
=0 Kk
-cC
=(2645) HHk
=:(2790) Ak
=(2815) HHk
Q?_ *k%
=+ *
cc
A?, Kokk
=0, =5 *

**kk  Existence is certain, and properties are at least fairly well explored.

**% - Existence ranges from very likely to certain, but further confirmation is desirable and/or
quantum numbers, branching fractions, etc. are not well determined.

**  Evidence of existence is only fair.

*  Evidence of existence is poor.
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Lepton + mesons

N BARYONS p— e*vr*w(;r > 30 90% 448
(S =0,/= 1/2) n— e xtr > 29 90% 449

p— p-wtat >17 90% 425

p. N* = uud; n, N° = udd n— ptal >34 90% 427

p— e at KT > 75 90% 320

p— p wT KTt > 245 90% 279

Py — 11+
E 107 =27 Antilepton + photon(s)
Mass m = 1.00727646688 + 0.00000000013 u p— ety > 670 90% 469
Mass m = 938.27203 + 0.00008 MeV L4l p— pty > 478 9% 463
|mp — mp|/mp < 1.0x 10 8, CL = 90% [l n— vy >28 90% 470
5 +

%V(%) = 0.99999999991 % 0.00000000009 p— eTyy > 100 90% 469
n— vyy > 219 90% 470

lgp + a5l /e < 1.0x 1078, CL = 90% [£]

|gp + G| /e < 1.0 x 10-2 [ Three (or more) leptons

€ + et e
Magnetic moment p = 2.792847351 £ 0.000000028 12y p= e+e+e > 193 90% 469
— - 0, 4
(np + #p) [ 1p = (—2.6 £2.9) x 1073 g: z+,/f,,” :39 Zﬁj 42;
L _ b
Electric dipole moment d < 0.54 x 10723 ecm e .
Electric polarizability a = (12.0 % 0.6) x 10~* fm? nToeer - o
_polarizabliity o = (12. - a n— pte v > 83 90% 464
Magnetic polarizability 3 = (1.9 + 0.5) x 10~* fm n— ptu v =79 90% 458
arge radius = 0. § m - o
Charge rad 0.870 % 0.008 f p— whete ~ 529 0% 463
Mean life 7 > 2.1 x 102% years, CL = 90% (p — invisible p— prutu~ < 675 90% 439
mode) p— whtuvv > 21 90% 463
Mean life 7 > 103! to 1033 years [?1  (mode dependent) p— e ptpt >6 90% 457
0
See the “Note on Nucleon Decay” in our 1994 edition (Phys. Rev. D50, n— 3v > 0.0005 90% 470
1673) for a short review. Inclusive modes
The “partial mean life” limits tabulated here are the limits on 7/B;, where N — e anything > 0.6 (n, p) 90% -
T is the total mean life and B; is the branching fraction for the mode in N — ;ﬁanything > 12 (n, p) 90% -
question. For N decays, p and n indicate proton and neutron partial N — et 7‘-0 anything > 0.6 (n, p) 90% —
lifetimes.
AB = 2 dinucleon modes
Partial mean life P . L . .
p DECAY MODES (1030 years) Confidence level (MeV/c) The following are lifetime limits per iron nucleus.
- pp — wtat >07 90% -
Antilepton + meson pn— tx0 2 90% -
N— etn > 158 (n), > 1600 (p) 90% 459 nn— wra - 07 90% _
N— ptr > 100 (n), > 473 (p) 90% 453 nn— 7070 <34 90% _
N— vm > 112 (n), > 25 (p) 90% 459 pp — etet ~58 90% _
p— e:r] > 313 90% 309 pp— etut <36 90% -
p— putny > 126 90% 297 pp — #+ ﬂ+ S 17 90% -
n— wJ]r > 158 90% 310 pn— etw <28 90% _
N — e+p > 217 (n), > 75 (p) 90% 148 pn— pto S 16 90% -
N— putp > 228 (n), > 110 (p) 90% 13 nn — veve > 0.000049 90% -
N— ve >19 (n), > 162 (p) 90% 148 pp — neutrinos > 0.00005 90% -
p— €eTw > 107 90% 143
p— ptw > 117 90% 105 P DECAY MODES
n— vw > 108 90% 144 Partial mean life p
N — etK > 17 (n), > 150 (p) 90% 339 P DECAY MODES (years) Confidence level (MeV/c)
+ KO 0
p— €Ky > 120 90% 337 _ —
p— etK? > 51 9% 337 p—= € > 7 102 0% 469
P— u > 5 x 10 90% 463
N— ptK > 26 (n), > 120 (p) 90% 329 p= b % 5 o
200 . p— e 7w >4 x 10 90% 459
p— wtKY > 150 90% 326 s _o 4
i . p— u 7 > 5 x 10 90% 453
p— wTKj > 83 90% 326 P e g > 2x 104 90% 309
0 e
N— vK . > 86 (n), > 670 (p) 90% 339 P— un > 8 x 103 90% 297
0 -
n— +1/ K% . > 51 90% 338 p— e K¢ < 900 90% 337
X
i[—» e K}E (892) > 84 90% 45 B— w K2 < ax103 90% 226
o
— v K*(892) > 78 (n), > 51 (p) 90% 45 Po e K[Z - 9% 103 00% 337
Antilepton + mesons P— K(Z > 7x103 90% 326
p— etrta~ > 82 0% 448 P— ey >2x 104 90% 469
p— etrlz0 > 147 90% 449 P— pyy >2x 10t 90% 463
n— etr a0 > 52 90% 449 P— e w > 200 90% 143
p— ptata- >133 90% 425
p— ptalx0 > 101 90% 427
n— pta— a0 > 74 90% 427
n— etKOg— >18 90% 319
Lepton + meson
n— e nt > 65 90% 459
n— p ot > 49 90% 453
n— e pt > 62 90% 149
n— p"pt >7 90% 114
n— e Kt >32 90% 340
n— p~ Kt > 57 90% 330
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[]

10P) = 331

Mass m = 1.0086649156 + 0.0000000006 u

N(1535) Sy

107y = 337)

Mass m = 939.56536 + 0.00008 MeV [2]
my — m, = 1.2933317 % 0.0000005 MeV
= 0.0013884487 =+ 0.0000000006 u
Mean life 7 = 885.7 £ 0.8 s
or = 2.655 x 108 km

Breit-Wigner mass = 1520 to 1555 (~ 1535) MeV
Breit-Wigner full width = 100 to 200 (= 150) MeV
Pbeam = 0.76 GeV/c 47X2 = 22.5 mb
Re(pole position) = 1495 to 1515 (= 1505) MeV
—2Im(pole position) = 90 to 250 (= 170) MeV

n DECAY MODES

Magnetic moment p = —1.9130427 £ 0.0000005 pp
Electric dipole moment d < 0.63 x 10725 ecm, CL = 90%
Mean-square charge radius (r2) = —0.1161 & 0.0022
fm? (S =1.3)
Electric polarizability o = (11.6 & 1.5) x 10~* fm3
Magnetic polarizability 8 = (3.7 + 2.0) x 10~4 fm3
Charge g = (0.4 £ 1.1) x 1072 e
Mean n7-oscillation time > 8.6 x 107 s, CL = 90% (free n)
Mean n7i-oscillation time > 1.3x108's, CL = 90% [€] (bound n)

Decay parameters |1

pe v, A=ga /gy = —1.2695 + 0.0029 (S = 2.0)
" A= —0.1173 £ 0.0013 (S = 2.3)
" B = 0.983 + 0.004
" a=—0.103 + 0.004
" $av = (180.08 + 0.10)° 18]
" D= (—06 % 1.0) x 1073

P
Fraction ([';/T) Confidence level (MeV/c)

pe Ve 100 % 1
pe Ve [ < 6.9x1073 90% 1
Charge conservation (Q) violating mode
PreVe Q < 8 x10727 68% 1

N(1440) Py; 1Py = 13
Breit-Wigner mass = 1430 to 1470 (x 1440) MeV
Breit-Wigner full width = 250 to 450 (~ 350) MeV
Peam = 0.61 GeV/c 47X2 = 31.0 mb
Re(pole position) = 1345 to 1385 (= 1365) MeV
—2Im(pole position) = 160 to 260 (~ 210) MeV
N(1440) DECAY MODES Fraction (I; /) P (MeV/c)
N= 60-70 % 398
Nrm 30-40 % 347
Am 20-30 % 147
Np <8% T
N(7m )60 e 5-10 % -
Py 0.035-0.048 % 414
P, helicity=1/2 0.035-0.048 % 414
ny 0.009-0.032 % 413
nvy, helicity=1/2 0.009-0.032 % 413
N(1520) Dy3 107 =367
Breit-Wigner mass = 1515 to 1530 (= 1520) MeV
Breit-Wigner full width = 110 to 135 (~ 120) MeV
Ppeam = 0.74 GeV/c 47x2 = 23.5 mb
Re(pole position) = 1505 to 1515 (= 1510) MeV
—2Im(pole position) = 110 to 120 (~ 115) MeV
N(1520) DECAY MODES Fraction (I';/T) p (MeVjc)
N 50-60 % 457
Nn (2.3+0.4) x 1073 154
Nrrm 40-50 % 414
Am 15-25 % 230
Np 15-25 % i
N(ﬂ'ﬂ'){gf‘gave <8% -
Py 0.46-0.56 % 470
p7. helicity=1/2 0.001-0.034 % 470
p. helicity=3/2 0.44-0.53 % 470
ny 0.30-0.53 % 470
nvy, helicity=1/2 0.04-0.10 % 470
nv, helicity=3/2 0.25-0.45 % 470

N(1535) DECAY MODES Fraction (I;/T) p (MeVjc)
N~ 35-55 % 468
Nn 30-55 % 186
Nrm 1-10 % 426
Am <1% 244
Np <4% 1
N(?r'/r)g?xave <3% -
N(1440) 7 <1% i
Py 0.15-0.35 % 481
Py, helicity=1/2 0.15-0.35 % 481
ny 0.004-0.29 % 480
nv, helicity=1/2 0.004-0.29 % 480
Breit-Wigner mass = 1640 to 1680 (~ 1650) MeV
Breit-Wigner full width = 145 to 190 (= 150) MeV
Pbeam = 0.96 GeV/c 47X2 = 16.4 mb
Re(pole position) = 1640 to 1680 (=~ 1660) MeV
—2Im(pole position) = 150 to 170 (=~ 160) MeV
N(1650) DECAY MODES Fraction (I';/T) p (Mevjc)
Nr 55-90 % 547
Nn 3-10% 348
AK 3-11% 169
Nrm 10-20 % 514
An 1-7% 345
Np 4-12% 1
N(’""r)ls?v[\)/ave <4% -
N(1440)m <5% 150
Py 0.04-0.18 % 558
Py, helicity=1/2 0.04-0.18 % 558
ny 0.003-0.17 % 557
n7, helicity=1/2 0.003-0.17 % 557
Breit-Wigner mass = 1670 to 1685 (~ 1675) MeV
Breit-Wigner full width = 140 to 180 (=~ 150) MeV
Pbeam = 1.01 GeV/c 47x2 = 15.4 mb
Re(pole position) = 1655 to 1665 (~ 1660) MeV
— 2Im(pole position) = 125 to 155 (= 140) MeV
N(1675) DECAY MODES Fraction (I';/T) p (Mevjc)
N~ 40-50 % 564
Nn (0.0£1.0) % 376
AK <1% 216
Nrm 50-60 % 532
AT 50-60 % 366
Np <1-3% 1
Py 0.004-0.023 % 575
Py, helicity=1/2 0.0-0.015 % 575
Py, helicity=3/2 0.0-0.011 % 575
ny 0.02-0.12 % 574
n+, helicity=1/2 0.006-0.046 % 574
n+y, helicity=3/2 0.01-0.08 % 574
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Breit-Wigner mass = 1675 to 1690 (~ 1680) MeV
Breit-Wigner full width = 120 to 140 (~ 130) MeV
Pbeam = 1.01 GeV/c 47X? = 15.2 mb
Re(pole position) = 1665 to 1675 (= 1670) MeV
—2Im(pole position) = 105 to 135 (~ 120) MeV

Breit-Wigner mass = 1650 to 1750 (~ 1720) MeV
Breit-Wigner full width = 100 to 200 (= 150) MeV
Pbeam = 1.09 GeV/c 47X% = 13.9 mb
Re(pole position) = 1650 to 1750 (=~ 1700) MeV
—2Im(pole position) = 110 to 390 (~ 250) MeV

N(1680) DECAY MODES Fraction (F;/T) P (MeV/c) N(1720) DECAY MODES Fraction (I;/T) p (MeVjc)
N 60-70 % 568 Nm 10-20 % 594
Nn (0.0+£1.0) % 381 Nn (4.0+£1.0) % 422
Nrn 30-40 % 535 AK 1-15 % 283
A 5-15 % 370 Nmn >70 % 564
Np 3-15% i Np 70-85 % 71
N (7 )0 e 5-20 % - py 0.003-0.10 % 604
Py 0.21-0.32 % 578 Py, helicity=1/2 0.003-0.08 % 604
p. helicity=1/2 0.001-0.011 % 578 py. helicity=3/2 0.001-0.03 % 604
p~, helicity=3/2 0.20-0.32 % 578 ny 0.002-0.39 % 603
ny 0.021-0.046 % 577 nv, helicity=1/2 0.0-0.002 % 603
nv, helicity=1/2 0.004-0.029 % 577 nv, helicity=3/2 0.001-0.39 % 603
n+, helicity=3/2 0.01-0.024 % 577
Breit-Wigner mass = 2100 to 2200 (~ 2190) MeV
Breit-Wigner mass = 1650 to 1750 (~ 1700) MeV Breit-Wigner full width = 350 to 550 (= 450) MeV
Breit-Wigner full width = 50 to 150 (~ 100) MeV Ppeam = 2.07 GeV/c 47X2 = 6.21 mb
Pbeam = 1.05 GeV/c 47X2 = 14.5 mb Re(pole position) = 1950 to 2150 (~ 2050) MeV
Re(pole position) = 1630 to 1730 (= 1680) MeV —2Im(pole position) = 350 to 550 (~ 450) MeV
—2Im(pole position) = 50 to 150 (~ 100) MeV
N(2190) DECAY MODES Fraction (I';/T) p (MeV/c)
N(1700) DECAY MODES Fraction (I';/T) p (MeVje) N 10-20 % 588
Nm 5-15 % 581 Nn (0.0+£1.0) % 791
Nn (0.0£1.0) % 402
NK <3% 255
Nrw 85-95 % 550 10P) = 33%)
Np <35% T
Py 0.01-0.05 % 591 Breit-Wigner mass = 2180 to 2310 (~ 2220) MeV
p~y, helicity=1/2 0.0-0.024 % 591 Breit-Wigner full width = 320 to 550 (= 400) MeV
py, helicity=3/2 0.002-0.026 % 591 Pbeam = 2.14 GeV/c 47X2 = 5.97 mb
ny 0.01-0.13 % 590 Re(pole position) = 2100 to 2240 (~ 2170) MeV
nv, helicity=1/2 0.0-0.09 % 590 —2Im(pole position) = 370 to 570 (~ 470) MeV
nv, helicity=3/2 0.01-0.05 % 590
N(2220) DECAY MODES Fraction (I';/T) p (MeVjc)
1UP) = 13H) Nx 10-20 % 906
Breit-Wigner mass = 1680 to 1740 (= 1710) MeV 1Py = 1(37)
Breit-Wigner full width = 50 to 250 (=~ 100) MeV
Pbeam = 1.07 GeV/c A7X2 = 142 mb Breit-Wigner mass = 2170 to 2310 (~ 2250) MeV
Re(pole position) = 1670 to 1770 (= 1720) MeV Breit-Wigner full width = 290 to 470 (~ 400) MeV
—2Im(pole position) = 80 to 380 (=~ 230) MeV Poeam = 2:21 GeV/c  4mx? = 5.74 mb
Re(pole position) = 2080 to 2200 (~ 2140) MeV
N(1710) DECAY MODES Fraction (I';/T) p (MeVjc) —2Im(pole position) = 280 to 680 (~ 480) MeV
N 10-20 % 588 .
N (62-1.0) % a2 N(2250) DECAY MODES Fraction (;/T) p (MeVjc)
Nw (13.0+2.0) % 1 Nm 5-15 % 924
K 5-25 % 269
Nrrm 40-90 % 557
Arm 15-40 % 304 10P) = 4%
050
xf’ﬂ)mave fofioﬁf% i Breit-Wigner mass = 2550 to 2750 (= 2600) MeV
Py 0.002-0.05% 598 Breit-Wigner full width = 500 to 8(;0 (= 650) MeV
p7, helicity=1/2 0.002-0.05% 598 Poeam = 312 GeV/c 4mX° = 3.86 mb
ny 0.0-0.02% 597
7, helicity=1/2 0.0-0.02% 597 N(2600) DECAY MODES Fraction (I';/T) p (MeVjc)
N7 5-10 % 1126




70
Baryon Summary Table

A BARYONS
(§=0, I=3/2)

ATt =yuu, AT =uwud, A% =udd, A~ = ddd

107 = 33

A(1232) P33

| A(1905) F35 | 1Py =361
Breit-Wigner mass = 1870 to 1920 (~ 1905) MeV
Breit-Wigner full width = 280 to 440 (~ 350) MeV
Pbeam = 1.45 GeV/c 47X% = 9.62 mb
Re(pole position) = 1800 to 1860 (= 1830) MeV
—2Im(pole position) = 230 to 330 (~ 280) MeV

A(1905) DECAY MODES Fraction (I';/T’ MeV/
Breit-Wigner mass (mixed charges) = 1230 to 1234 (=~ 1232) (1905) raction (%;/1) P (Mevi)
MeV Nm 5-15% 714
Breit-Wigner full width (mixed charges) = 115 to 125 (~ 120) Nzm 85-95 % 690
MeV Am <25 % 542
DPheam = 0.30 GeV/c  4mA2 = 94.8 mb N;"” o "/0“03 y o
L .01-0.03 %
Re(pole posmop). = 1209 to 1211 (= 1210) MeV Ny, helicity=1/2 0.0-0.1 % 1
—2Im(pole position) = 98 to 102 (~ 100) MeV Ny, helicity=3/2 0.004-0.03 % 71

A(1232) DECAY MODES Fraction (I; /) P (MeV/c)

N7 599% 29 A(1910) P3 107 =36

Ny 0.52-0.60 % 259
N7, helicity=1/2 0.11-0.13 % 259 Breit-Wigner mass = 1870 to 1920 (= 1910) MeV
N1, helicity=3/2 0.41-0.47 % 259 Breit-Wigner full width = 190 to 270 (= 250) MeV

Ppeam = 1.46 GeV/c 47X2 = 9.54 mb
Py _ 3.3+ Re(pole position) = 1830 to 1880 (= 1855) MeV
A(1600) Ps3 107 =367 —2Im(pole position) = 200 to 500 (= 350) MeV
Breit-Wigner mass = 1550 to 1700 (= 1600) MeV A(1910) DECAY MODES Fraction (I';/T) p (MeV/c)
Breit-Wigner full width = 250 to 450 (=~ 350) MeV .
=087 GeV/c  47X2 = 18.6 mb Nm 16-30% m
Pbeam = V- = 1o Ny 0.0-02% 725
Re(pole posmo.n). = 1500 to 1700 (= 1600) MeV Ny, helicity=1/2 0.0-0.2 % 725
—2Im(pole position) = 200 to 400 (~~ 300) MeV

A(1600) DECAY MODES Fraction (T';/T) p (MeV/c) 4(1920) P33 I(_/P) = %(%ﬂ

N 10-25 % 513

Nrr 75-90 % 477 Breit-Wigner mass = 1900 to 1970 (~ 1920) MeV
A 40-70 % 303 Breit-Wigner full width = 150 to 300 (= 200) MeV
Np <25 9% T Pbeam = 1.48 GeV/c 47X2 = 9.37 mb
N(1440)m 10-35 % 82 Re(pole position) = 1850 to 1950 (~ 1900) MeV

N~y 0.001-0.02 % 525 —2Im(pole position) = 200 to 400 (= 300) MeV
N7, helicity=1/2 0.0-0.02 % 525
N, helicity=3/2 0.001-0.005 % 525 A(1920) DECAY MODES Fraction (I';/T) p (MeVjc)

Nm 5-20 % 723
A(1620) St /(JP) _ %(%,) K (2.10£0.30) % 431
Breit-Wigner mass = 1615 to 1675 (= 1620) MeV 4(1930) D35 [(JP) = %(%*)
Breit-Wigner full width = 120 to 180 (~ 150) MeV
Pbeam = 0.91 GeV/c 47X2 = 17.7 mb Breit-Wigner mass = 1920 to 1970 (= 1930) MeV
Re(pole position) = 1580 to 1620 (= 1600) MeV Breit-Wigner full width = 250 to 450 (=~ 350) MeV
—2Im(pole position) = 100 to 130 (~ 115) MeV Pbeam = 1.50 GeV/c 47X2 = 9.21 mb
. Re(pole position) = 1840 to 1940 (= 1890) MeV

A(1620) DECAY MODES Fraction (I';/T) p (MeV/c) —2Im(pole position) = 200 to 300 (= 250) MeV

N 20-30 % 527 .

Nrr 70-80 % 492 A(1930) DECAY MODES Fraction (I;/I) p (MeVjc)
A 30-60 % 320 N7 10-20 % 729
Np 7-25% f N~ 0.0-0.02 % 737

N~y 0.004-0.044 % 538 N+, helicity=1/2 0.0-0.01 % 737
N7, helicity=1/2 0.004-0.044 % 538 Ny, helicity=3/2 0.0-0.01 % 737

A(1700) Ds3 1Py =3G7) A(1950) F3 10P) = 3G
Breit-Wigner mass = 1670 to 1770 (~ 1700) MeV Breit-Wigner mass = 1940 to 1960 (~ 1950) MeV
Breit-Wigner full width = 200 to 400 (~ 300) MeV Breit-Wigner full width = 290 to 350 (= 300) MeV

Pbeam = 1.05 GeV/c 47x2 = 14.5 mb Pbeam = 1.54 GeV/c 47X2 = 8.91 mb
Re(pole position) = 1620 to 1700 (= 1660) MeV Re(pole position) = 1880 to 1890 (= 1885) MeV
—2Im(pole position) = 150 to 250 (~ 200) MeV — 2Im(pole position) = 210 to 270 (~ 240) MeV

A(1700) DECAY MODES Fraction (I';/T) p (MeVje) A(1950) DECAY MODES Fraction (I';/T) p (MeVjc)

Nr 10-20 % 581 Nr 35-40 % 742

Nrr 80-90 % 550 Nmr 719
AT 30-60 % 386 AT 20-30 % 575
Np 30-55 % t Np <10 % 463

N~y 0.12-0.26 % 591 N~y 0.08-0.13 % 749
N7, helicity=1/2 0.08-0.16 % 591 N+, helicity=1/2 0.03-0.055 % 749
N7, helicity=3/2 0.025-0.12 % 591 N+, helicity=3/2 0.05-0.075 % 749




71

Baryon Summary Table

A(2420) H311 1Py =335
Breit-Wigner mass = 2300 to 2500 (~ 2420) MeV
Breit-Wigner full width = 300 to 500 (~ 400) MeV

Pbeam = 2.64 GeV/c 47X2 = 4.68 mb
Re(pole position) = 2260 to 2400 (= 2330) MeV

A(1520) Dos 1UP) =0(37)
Mass m = 1519.5 & 1.0 MeV [K]
Full width T = 15.6 & 1.0 MeV [¥]
Pbeam = 0.39 GeV/c 47X% = 82.8 mb

—2Im(pole position) = 350 to 750 (~ 550) MeV A(1520) DECAY MODES Fraction (I';/T) p (MeVje)
) NK 45 +1% 243
A(2420) DECAY MODES Fraction (T';/T) p (MeVjc) S e 1% 265
N7 5-15 % 1023 Anm 10 + 1% 259
Irm 0.9 +0.1% 169
Ay 0.8 + 0.2% 350
Minimum quark content: @+ = uudds, ®~~ =ssddu, T =ssuud. | A(1600) Po; | 1Py = o3t
) Mass m = 1560 to 1700 (~ 1600) MeV
o(1540)+ 1(JP) = 0% Full width T = 50 to 250 (~ 150) MeV
Pbeam = 0.58 GeV/c 47X2 = 41.6 mb
It is difficult to deny a place in the Summary Tables for a state that six
experiments claim to have seen. Nevertheless, we believe it reasonable A(1600) DECAY MODES Fraction (I';/T) p (MeVc)
tcf) hhave some resg(;vatlons about the existence of this state on the basis NK 15-30 % 313
of the present evidence. S 10-60 % 338
Mass m = 1539.2 + 1.6 MeV
Full width ' = 0.90 £+ 0.30 MeV
A(1670) Soy 1UP) =0(37)
N K is the only strong decay mode allowed for a strangeness S=+1 reso-
nance of this mass. Mass m = 1660 to 1680 (= 1670) MeV
, Full width T = 25 to 50 (= 35) MeV
©(1540)+ DECAY MODES Fi r/r MeV)
(1540) raction (/1) P (M) Poeam = 0.74 GeV/c  47X2 = 28.5 mb
KN 100% 270
A(1670) DECAY MODES Fraction (I';/T) p (MeVjc)
NK 20-30 % 414
A BARYO NS rw 25-55 % 394
An 10-25 % 70
(S=-1,1=0)
0 _ _
A — uds | A(1690) Dos | 1UP) =0(37)
/Up) = o(1+) Mass m = 1685 to 1695 (~ 1690) MeV
-2 Full width T = 50 to 70 (= 60) MeV
Mass m = 1115.683 & 0.006 MeV Poeam = 0.78 GeV/c  4nX° = 26.1 mb
(mp—my) [ mp=(-01£11)x1075 (S=16)
Mean life 7 = (2.632 £ 0.020) x 10105 (S = 1.6) A(1690) DECAY MODES Fraction (T';/T) p (MeV/c)
cr =7.89 cm NK 20-30 % 433
Magnetic moment p = —0.613 + 0.004 pp I 20-40 % 410
Electric dipole moment d < 1.5 x 10716 ecm, CL = 95% Anm ~25% 419
Decay parameters rm ~20% 3%
pr— a_ = 0.642 = 0.013
" $— = (=65 + 3.5)° A(1800) Sp; 1Py =0(3)
" y_ =0.76 Ul
" A_=(8+4)ll Mass m = 1720 to 1850 (=~ 1800) MeV
nrd ag = +0.65 £ 0.05 Full width ' = 200 to 400 (= 300)2M€V
pe Te ga/gy = —0.718 + 0.015 [f] Ppeam = 1.01 GeV/c 47X< = 17.5 mb
A DECAY MODES Fraction (I;/T) p (Mevje) A(1800) DECAY MODES Fraction (T;/T) p (Mevc)
pr (63.9 £0.5 ) % 101 NK 25-40 % 528
nz® (35.8 £05 )% 104 I seen 494
ny ( 1.75+0.15) x 103 162 X(_1385)7f seen 349
pry U1 84 £14 )x10 4 101 NK*(892) seen i
pe~ Ue ( 8.32+0.14) x 10—4 163
— 4
pPuT Ty, ( 1.5740.35) x 10 131 A(1810) Pg I(Jp) = o(lh)
A(1405 1Py = o(1— Mass m = 1750 to 1850 (~ 1810) MeV
() =0 Full width I = 50 to 250 (= 150) MeV
Mass m = 1406 + 4 MeV Pbeam = 1.04 GeV/c 47X% = 17.0 mb
Full width ' = 50.0 + 2.0 MeV
Below KN threshold /(1810) DECAY MODES Fraction (I;/r) p (Mev/o)
NK 20-50 % 537
/A(1405) DECAY MODES Fraction (I';/T") p (Mevyc) S 10-40 % 501
S 100 % 157 X(1385)m seen 357
N K*(892) 30-60 % i
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A(1820) Fos

1Py =03

Mass m = 1815 to 1825 (= 1820) MeV
Full width ' = 70 to 90 (~ 80) MeV

Pbeam = 1.06 GeV/c

47X2 = 16.5 mb

/A(1820) DECAY MODES Fraction (I';/T) p (Mevjc)
NK 55-65 % 545
I 8-14 % 509
X (1385)m 5-10 % 366
A(1830) Dos 1Py =037)
Mass m = 1810 to 1830 (= 1830) MeV
Full width ' = 60 to 110 (~ 95) MeV
Pbeam = 1.08 GeV/c 47X2 = 16.0 mb
A(1830) DECAY MODES Fraction (I';/T) p (MeVvjc)
NK 3-10% 553
I 35-75 % 516
X(1385)w >15 % 374
A(1890) Po3 1Py = 03H)
Mass m = 1850 to 1910 (~ 1890) MeV
Full width T = 60 to 200 (~ 100) MeV
Pbeam = 1.21 GeV/c 47x2 = 13.6 mb
A(1890) DECAY MODES Fraction (I';/T) p (MeVjc)
NK 20-35 % 599
I 3-10 % 560
X (1385)m seen 423
N K*(892) seen 236
A(2100) Ggr 1UP)y=0")
Mass m = 2090 to 2110 (= 2100) MeV
Full width I = 100 to 250 (= 200) MeV
Pbeam = 1.68 GeV/c 47x2 = 8.68 mb
A(2100) DECAY MODES Fraction (I';/T) p (MeVjc)
NK 25-35 % 751
I ~5% 705
An <3% 617
= <3% 491
Aw <8 % 443
N K*(892) 10-20 % 515
A(2110) Fos 1UP) = 03 )
Mass m = 2090 to 2140 (~ 2110) MeV
Full width ' = 150 to 250 (= 200) MeV
Pbeam = 1.70 GeV/c 47X2 = 8.53 mb
A(2110) DECAY MODES Fraction (I';/T) p (Mevjc)
NK 5-25 % 757
X 10-40 % 711
Aw seen 455
X (1385)7 seen 591
NK*(892) 10-60 % 525
A(2350) Hog 1UP) = 03 )
Mass m = 2340 to 2370 (= 2350) MeV
Full width ' = 100 to 250 (= 150) MeV
Pbeam = 2:29 GeV/c 47X% = 5.85 mb
A(2350) DECAY MODES Fraction (I';/T) p (MeVjc)
NK ~12% 915
P ~10% 867

¥ BARYONS
(S=-1,1=1)

It =uus, £9=uds, I~ =dds

1UP) = 1(3%)

Mass m = 1189.37 &+ 0.07 MeV (S = 2.2)
Mean life 7 = (0.8018 + 0.0026) x 10710 s

cr = 2.404 cm
(Tg+ = T5-) [ 754 = (=06 +1.2) x 1073
Magnetic moment p = 2.458 &+ 0.010 ppy (S = 2.1)
M(Zt — nftv)/T(E= — n"D) < 0.043

Decay parameters

pr® ap = —0.980 394
" do = (36 £ 34)°
" 70 = 0.16 U]
" Dg = (187 £ 6)° 1]
nnt ay = 0.068 £+ 0.013
" ¢, = (167 +20)° (S =1.)
" vy =—0.97101
: 8, = (13t
Py a, = —0.76 £ 0.08
P
>+ DECAY MODES Fraction (I;/T) Confidence level (MeVc)
pr® (51.57+0.30) % 189
nrt (48.3140.30) % 185
Py ( 1.23£0.05) x 10—3 225
naty Ul (45 +£05)x1074 185
NeTve (20 £05 ) x10~5 71

AS = AQ (5Q) violating modes or
AS = 1 weak neutral current (S1) modes

netue 5Q <5 x 1076 90% 224
npt v, 5Q < 30 x 1073 90% 202
pete~ s1 < 7 %1076 225

1Py =13%)

Mass m = 1192.642 £ 0.024 MeV

my_ — mgo = 4.807 + 0.035 MeV (S = 1.1)

Mmgo — mp = 76.959 & 0.023 MeV

Mean life 7 = (7.4 £ 0.7) x 10720 5
cor=222x10"1m

Transition magnetic moment |ux 4| = 1.61 £ 0.08 py

p
0 DECAY MODES Fraction (I';/T) Confidence level (MeV/c)

Ny 100 % 74
Ayy < 3% 90% 74
Nete™ i sx1073 74

1UP) = 13%)

Mass m = 1197.449 + 0.030 MeV (S = 1.2)

Mmy_ — my, =808+ 0.08 MeV (S =19)

my_ — my = 81766 + 0.030 MeV (S = 1.2)

Mean life 7 = (1.479 + 0.011) x 1070 s (S =1.3)
cr = 4.434 cm

Magnetic moment g = —1.160 £ 0.025 pupy (S = 1.7)

X~ charge radius = 0.78 + 0.10 fm
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Decay parameters

nm~ a_ = —0.068 £ 0.008
" é_ = (10 £ 15)°
" 7 =098l
" A = (249F 22y ]
ne ve ga/gy = 0.340 £ 0.017 7]
" £(0)/£(0) = 0.97 & 0.14
" D =0.11 + 0.10
Ae e gy/ga=0.01+0.100 (5=15)

gwm/ga = 2.4 + 1.7 111

X~ DECAY MODES Fraction (I';/T) p (Mevjc)
nm~ (99.848:£0.005) % 193
nmTy J1( 46 +06 )x1074 193
ne” g ( 1.01740.034) x 1073 230
nuT o, (45 +04 )x1074 210
Ne™ Te (573 +£0.27 ) x 1072 79

10P) =134

X(1385) P13

3 (1385)*mass m = 1382.8 & 0.4 MeV (S = 2.0)
5(1385)% mass m = 1383.7 + 1.0 MeV (S = 1.4)
¥ (1385)"mass m = 1387.2 = 0.5 MeV (S = 2.2)
5(1385)Ffull width I' = 35.8 £ 0.8 MeV

5(1385)° full width I = 36 + 5 MeV

X (1385)full width T = 39.4 + 2.1 MeV (S = 1.7)

Below K N threshold

X(1385) DECAY MODES Fraction (I';/T) p (MeV/c)
Am 88+2 % 208
PRy 1242 % 129

1P =131

X(1660) P11

Mass m = 1630 to 1690 (=~ 1660) MeV
Full width I = 40 to 200 (~ 100) MeV

Pbeam = 0.72 GeV/c 47X = 29.9 mb
X(1660) DECAY MODES Fraction (I'j/T) p (Mevjc)
NK 10-30 % 405
Am seen 440
PRy seen 387

¥ (1670) Dy3 1Py =137)
Mass m = 1665 to 1685 (= 1670) MeV
Full width I = 40 to 80 (~ 60) MeV
Pbeam = 0.74 GeV/c 47X2 = 28.5 mb

X(1670) DECAY MODES Fraction (I';/T) p (MeVjc)
NK 7-13% 414
Am 5-15 % 448
X 30-60 % 394

X(1750) S11

Mass m = 1730 to 1800 (= 1750) MeV
Full width ' = 60 to 160 (~ 90) MeV
Pbeam = 0.91 GeV/c 47X2 = 20.7 mb

0Py =1G37)

£(1750) DECAY MODES Fraction (I';/T) p (Meve)
NK 10-40 % 486
Am seen 507
Py <8% 456

> 15-55 % 99

1Py =137)

Mass m = 1770 to 1780 (= 1775) MeV
Full width I = 105 to 135 (~ 120) MeV

Pbeam = 0.96 GeV/c 47X% = 19.0 mb
X(1775) DECAY MODES Fraction (F;/T) p (Mevyc)
NK 37-43% 508
Am 14-20% 525
X 2-5% 475
2 (1385)w 8-12% 327
A(1520) 17-23% 201

X (1915) Fi5 1Py =131)
Mass m = 1900 to 1935 (~ 1915) MeV
Full width T = 80 to 160 (~ 120) MeV
Pbeam = 1.26 GeV/c 47X2 = 12.8 mb

X(1915) DECAY MODES Fraction (I';/T) p (MeVjc)
NK 5-15 % 618
A seen 623
I seen 577
X (1385)w <5% 443
X (1940) Dy3 1Py =1(3)
Mass m = 1900 to 1950 (~ 1940) MeV
Full width I = 150 to 300 (~ 220) MeV
Pbeam = 1.32 GeV/c 47X% = 12.1 mb
X(1940) DECAY MODES Fraction (I';/T) p (MeVjc)
NK <20 % 637
A seen 640
I seen 595
X (1385)7 seen 463
A(1520) 7 seen 355
A(_1232) K seen 410
N K*(892) seen 322
X(2030) F7 1Py =131
Mass m = 2025 to 2040 (=~ 2030) MeV
Full width I' = 150 to 200 (~ 180) MeV
Pbeam = 1.52 GeV/c 47X% = 9.93 mb
£(2030) DECAY MODES Fraction (I';/T) p (Mev/o)
NK 17-23 % 702
Am 17-23 % 700
I 5-10 % 657
=K <2% 422
3 (1385)w 5-15 % 532
A(1520) 7 10-20 % 430
A(1232) K 10-20 % 498
N K*(892) <5% 439
X (2250) 1(JP) =102
Mass m = 2210 to 2280 (= 2250) MeV
Full width T = 60 to 150 (= 100) MeV
Pheam = 2.04 GeV/c 47X2 = 6.76 mb
X(2250) DECAY MODES Fraction (I;/T) p (MeVjc)
NK <10% 851
A seen 842
I seen 803
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= BARYONS
(S=-2,1=1/2)

Z0 = yss, == =dss

1UP) = 1)

P is not yet measured; + is the quark model prediction.
Mass m = 1314.83 £ 0.20 MeV
Mm=—_ — M=y = 6.48 £ 0.24 MeV
Mean life 7 = (2.90 + 0.09) x 10710 s
cr =8.71cm
Magnetic moment p = —1.250 & 0.014 ppy

Decay parameters

70 a=—0411£0.022 (S=2.1)
" ¢=(21 +£12)°
" y=o0851
" A= (218713 1)

Ay a=-041+04

30y a = —0.63 + 0.09

Iteve  @(0)/A(0) = 132703
Ste v, £(0)/f(0) =2.0 £ 1.3
Scale factor/

p
=0 DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

AS = 2 forbidden (52) modes

nw~ s2 < 19 x 1073 90% 303
ne” ve s2 < 32 x 103 90% 327
nuT o, 52 < 15 % 90% 313
prnT T $2 < 4 x 1074 90% 223
prT e Vg s2 < 4 x 1074 90% 304
prT pT T, $2 < 4 x10~4 90% 250
puTp” L < 4 x 1074 90% 272

10P) = 33

ﬁ
-
o
w
o
g
>
w

=(1530)° mass m = 1531.80 £ 0.32 MeV (S = 1.3)

=(1530)"mass m = 1535.0 + 0.6 MeV

=(1530)° full width I = 9.1 + 0.5 MeV

=(1530) full width I = 9.9 17 MeV

P

=(1530) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
=7 100 % 158
Zy <4% 90% 202

10P) = 1)

Mass m = 1690 % 10 MeV [K]
Full width T < 30 MeV

Ax0 (99.522:£0.032) % S5—17 135 =(1690) DECAY MODES Fraction (I;/T) p (MeVjc)
Ny (1.18 £0.30 ) x 1073 $=2.0 184 AK seen 240
30y (3.33 £0.10 ) x 1073 117 K seen 70
Ste v, (27 +04 )x1074 119 =r seen 311
It no Fu < 1.1 %1073 CL=90% 64 Zoatao possibly seen 214
AS = AQ (SQ) violating modes or
AS = 2 forbidden (52) modes (1820) Dy3 1(JP) = 137
T et Q@ < 9 x 104 CL=90% 112
T pty, sQ < 9 x10~4 CL=90% 49 Mass m = 1823 + 5 MeV [4]
pr— 2 < 4 %1075 CL=90% 299 Full width T = 24+15 Mev [K]
pe e 52 < 13 %103 323 -1
7 s2 1.3 1073 309
Pi Yy < * (1820) DECAY MODES Fraction (I;/T) p (MeVe)
P /\K large 402
E 0Py =131 K small 324
= small 421
P'is not yet measured; + is the quark model prediction. Z(1530) 7 small 237

Mass m = 1321.31 £ 0.13 MeV
Mean life 7 = (1.639 % 0.015) x 10710 s
cr =4.91 cm
Magnetic moment p = —0.6507 £ 0.0025 upy

Decay parameters

Ar— o= —0458 +0.012 (S =1.8)
[a(Z7)a=(A) — aEF)arW))/[(Z7)a=(1) + a(ZT)at(A)]
= 0.012 £ 0.014
" ¢ =(=0.4£23)°
" v =0.89 1

" A= (179 + 4)° 1
Ae"ve  ga/gy = —0.25 £ 0.05 []

P
=~ DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

Ar~ (99.887+0.035) % 139
Iy (127 +0.23 ) x 1074 118
e~ Te (5.63 £0.31 ) x 1074 190
Ap~7, (35 35 )x1074 163
307, (87 £1.7 )x1075 122
047, <8 x1074  90% 70
Z0¢ 7, < 23 x1073  90% 6

1Py =32

Mass m = 1950 + 15 MeV [K]
Full width I = 60 + 20 MeV K]

=(1950) DECAY MODES Fraction (I;/T) p (Mevjc)
/\K seen 522
K possibly seen 460
= seen 519

1Py = 3(> 59

Mass m = 2025 + 5 MeV [¥]
Full width I = 20722 Mev [4

=(2030) DECAY MODES Fraction (I';/T) p (Mevjc)
AK ~20% 585
XK ~ 80 % 529
=n small 574
=(1530)m small 416
AKm small 499

IKr small 428




75

Baryon Summary Table

2BARYONS
(5=—-3,1=0)

2~ =sss

1Py =03
JP is not yet measured; %"’ is the quark model prediction.

Mass m = 1672.45 + 0.29 MeV

(Mo —mgy) | Mg_ = (=1+8)x107°

Mean life 7 = (0.821 % 0.011) x 10710 5

cr = 2.461 cm
(tg- — Tg+) | To- = —0.002 + 0.040
Magnetic moment g = —2.02 + 0.05 ppy
Decay parameters

AK= a = —0.026 + 0.023
Ya(AK™)+a(AKT)] = —0.004 + 0.040

=04- o =0.09 + 0.14

=7 a = 0.05+0.21
P
2~ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
AK— (67.8+0.7) % 211
= (23.6+£0.7) % 294
= ( 8.6+0.4) % 290
Zoata— (43733 x 1074 190
=(1530)%7— (64F5d) x1074 17
0e-g, (5.6+2.8) x 1073 319
=Ty < 46 x 1074 90% 314
AS = 2 forbidden (S2) modes
Ar~ s2 < 19 x 104 90% 449
2(2250) 1(JP) = 0"
Mass m = 2252 £ 9 MeV
Full width ' = 55 + 18 MeV
02(2250)~ DECAY MODES Fraction (I';/T) p (MeVjc)
ZTatK™ seen 532
=(1530)0 K~ seen 437

CHARMED BARYONS
(C=+1)
At =ude, T =uwue, If =ude, $Y=ddc,

=t =usc, Z0=dsc,

0 _
p 2. =ssc

A} DECAY MODES

1P =06

J is not well measured; % is the quark-model prediction.
Mass m = 2284.9 + 0.6 MeV
Mean life 7 = (200 = 6) x 10715 s

cr = 59.9 pm

Decay asymmetry parameters
Azt a=-0.98 +0.19
Ttq0 a = —0.45 £ 0.32

_ +0.11
ALt vy a= 70.8270_07

(S =1.6)

Nearly all branching fractions of the Azr are measured relative to the
pK~— =t mode, but there are no model-independent measurements of this
branching fraction. We explain how we arrive at our value of B(A;r —
pPK™ 1r+) in a Note at the beginning of the branching-ratio measurements
in the Listings. When this branching fraction is eventually well determined,
all the other branching fractions will slide up or down proportionally as the
true value differs from the value we use here.

Scale factor/

Fraction (I; /) Confidence level

p
(MeV/c)

Hadronic modes with a p: S = —1 final states

pKO (23 +06)%
pK— 7t [m (50 + 1.3)%
pK*(892)° [ (16 + 05)%
A(1232) 7 K~ (86 + 3.0)x1073
A(1520) [l (59 % 2.1 )x1073
p K~ 7T nonresonant (28 +08)%
pKO70 (33 +1.0)%
pK%n (12 +04)%
pKOrt o~ (26 +07)%
pK~nt a0 (34 +1.0)%
pK*(892)~ 7t [ (11 +05)%
P(K7W+lnonresonant 0 (36 £12)%
A(1232) K*(892) seen
pK—rtatza™ (11 £ 08)x1073
pK~nta0x0 (8 +4 )x103
Hadronic modes with a p: S = 0 final states
prntr~ (35 & 2.0)x1073
pf(980) [ (28 + 1.9 )x1073
prtrt o= n— (18 + 1.2 )x 1073
pKtK— (77 + 35 )x107%
po [ (82 + 27 )x10=4
pK* K~ non-¢ (35 + 1.7 )x107%
Hadronic modes with a hyperon: S = —1 final states
Art (9.0 + 2.8 )x1073
Nat 70 (36 +13)%
Apt < 5 % CL=95%
Natrtn (33 +1.0)%
Axtxt = 70total (18 + 08)%
Arty (18 +06)%
X (1385)*n [l (85 + 33)x1073
At w [ (12 + 05)%
Ant 7r+7r’7r0, no m orw < 7 x1073  CL=90%
AKTKO (6.0 + 2.1 )x1073
Z(1690)° KT, =(1690)° — (16 + 0.8 )x1073
NKO
05+ (99 + 32 )x1073
stq0 ( 1.00+ 0.34) %
>tp (55 + 23 )x1073
Stotno (36 +1.0)%
T+p0 < 14 % CL=95%
Satat (19 +08)%
50gt g0 (1.8 +08)%
SOptpta— (11 +04)%
Stata— g0 —
Ttw [ (27 + 1.0)%
StKTK™ (28 £ 08)x1073
rt¢ [n] (32 % 1.0 )x10~3
Z(1690)° K+, =(1690)° — (82 + 31)x10~4
StK—
>+ K+ K~ nonresonant <7 x 1074 CL=90%
0K+ (39 + 1.4 )x 1073
KTt (49 £ 1.7 )x 1073
=(1530)9K* [ (26 + 1.0)x1073
Hadronic modes with a hyperon: S = 0 final states
AKT (67 £ 25 )x1074
SOkt (5.6 + 2.4 )x10~4
StKta~ (1.7 £ 07 )x1073
Tt K*(892)° [ (28 % 1.1)x1073
SKtTat < 10 %1073 CL=90%
Semileptonic modes
Mty [o] (20 +06)%
NeT e (21 +06)%
Aptyy, (20 £07)%
Inclusive modes
et anything (45 + 1.7)%
peTanything (18 +09)%
p anything (50 +16 )%
p anything (no A) (12 £19 )%
n anything (50 +£16 )%
n anything (no A) (29 +17 )%
A anything 35 *11 )% S=1.4
>+anything [Pl (10 £5 )%
3prongs 24 +£8 )%

872
822
684
709
626
822
822
566
753
758
579
758
417
670
676

926
621
851
615
589
615

863
843
634
806
756
689
569
515
756
441
286

824
826
712
803
573
798
802
762
766
568
346
292
286

346
652
564
471

780
734
668
468
662

870
870
866




76
Baryon Summary Table

AC = 1 weak neutral current (CI) modes, or
Lepton number (L) violating modes <(2520) 10P) =13

putp” c1 < 34 x 1074 CL=90% 936
Sutut L < 7.0 x 1074 CL=90% 811

JP has not been measured; 3+ is the quark-model prediction.

X(2520)t*mass m = 2519.4 + 1.5 MeV
X£(2520)t mass m = 2515.9 £ 2.4 MeV
+ Py _ o1— c
(2593) 107 =0(z7) 5.(2520)° mass m = 2517.5 + 1.4 MeV
My (2520)++ — Mp+ = 234.5 + 1.4 MeV
:

o= my = 2310 £23 MeV
m,; = 23264 13 MeV

;

The spin-parity follows from the fact that X.(2455)= decays, with
little available phase space, are dominant. This assumes that JP = m _
1/27F for the .(2455). £,(2520)°
Mass m = 2593.9 & 0.8 MeV mfe(%ﬂ** = Msy(2520)° = 1.9 £ 1.7 MeV
mom ., = 3089+ 06MeV (S=11) )26(2520)+ full width I = 18 + 5 MeV )
A 2o 5,(2520)F  full width T < 17 MeV, CL = 90%
Full width ' = 3.6 7773 MeV 5.(2520)0  full width T = 13 &+ 5 MeV

)
My (2520)
)

Azrmr and its submode ¥ (2455)7 — the latter just barely — are the /\:ﬁr is the only strong decay allowed to a X having this mass.

only strong decays allowed to an excited A;r having this mass; and the
submode seems to dominate.

X(2520) DECAY MODES Fraction (F;/T) p (MeVje)
Ac(2593) DECAY MODES Fraction (I';/T) p (MeV/c) /\ZL ™ ~ 100 % 180
At ata= [q]~ 67 % 124
3 (2455)t+ 7~ 28+7% 28 =+ 1Py = 11+
5, (2455)0 7t 2 +7% 28 —c () =227
oot o
A¢ w7~ 3-body 18+10% 124 JP has not been measured; 1% is the quark-model prediction.
/\2r w0 [r] not seen 261
A+ not seen 201 Mass m = 2466.3 £+ 1.4 MeV
c Mean life 7 = (442 £ 26) x 107155 (S = 1.3)
cr = 132 pm
1Py =0(37) »
:_2' DECAY MODES Fraction (I';/T) Confidence level (MeVc)

JP has not been measured; %’ is the quark-model prediction.

Mass m = 2626.6 + 0.8 MeV (S =1.2)
m—m,, =341.7 + 0.6 MeV (S =1.6)
c

No absolute branching fractions have been measured.
The following are branching ratios relative to =~ x+xt.

Full width T < 1.9 MeV, CL = 90% . Cabibbo-favored (S = —2) decays
. ) ARzt — 851
Al mm and its submode X(2455) are the only strong decays allowed to X(l385)+ KO [ns] 1.0 £05 745
an excited /12r having this mass. /\K*_ﬂ+ at [s] 0.34£0.12 785
o AK*(892)° 7t [n,s] <0.2 90% 607
A(2625)* DECAY MODES Fraction (T;/T)  Confidence level (MeV/c) >(1385)t K~ at [ns] <0.3 90% 677
— . TtK— ot [s] 0.94+0.11 809
Acmrm lal ~67% 184 T+K*(892)° [ns] 081+0.15 657
X (2455) <5 90% 102 SOK—gtat [s] 0.29+0.16 734
5. (2455)0 7t <5 90% 102 =0+ [s] 055+0.16 876
AZ 7w 3-body large 184 Zoatat [s] DEFINED AS 1 850
/\iro [r] not seen 293 =(1530)° 7t [n,s] <0.1 90% 748
Aty not seen 319 Z0qt 40 [s] 23440.68 855
S0gptata- [s] 1.74+0.50 817
=0+ +0.7
=—veTy, [s] 23 883
2455 1Py =14+ ¢ -09
T =1G") Q- Ktat [s] 0.07+0.04 397
JP has not been measured; %* is the quark-model prediction. Cabibbo-suppressed decays
5.(2455)++mass m = 2452.5 % 0.6 MeV PK];+ o [s] 021+0.03 943
5. (2455) mass m = 2451.3 £ 0.7 MeV of ﬁjfﬁf) [ns] 012002 827
5,(2455)° mass m = 2452.2 & 0.6 MeV [s] 015:0.07 578
= 167.58 4 012 MeV >t¢ [n,s] <0.11 90% 547
Myts = Myt = 200 ) Z(1690)0 K+ [s] <0.0 90% 501
Myy =M, = 166.4 + 0.4 MeV xB(Z(1690) — XtK™)
c

c
mZE — mA: = 167.32 £+ 0.12 MeV
msz - mxg =0.26 + 0.11 MeV

= —0.9 £ 0.4 MeV
oo
2455)T+full width T = 2.23 £ 0.30 MeV

Xe(
T(2455)T full width I < 4.6 MeV, CL = 90%
5.(2455)° full width I = 2.2+ 0.4 MeV (S = 1.4)

m —m

Azrn- is the only strong decay allowed to a X having this mass.

X -(2455) DECAY MODES Fraction (F;/T) p (MeVjc)

N ~100 % 94
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10P) = 43%)

JP has not been measured; %* is the quark-model prediction.

Mass m = 2471.8 + 1.4 MeV
m—o — m_; =55+ 1.8 MeV
~c ~c
Mean life 7 = (112f%8) x 10715 s
cr = 33.6 pm
Decay asymmetry parameters
=Tt a=-06=+04

Eg DECAY MODES Fraction (I';/T) p (MeV/c)
/\KO seen 907
AKO 7t 7 seen 788
AK=ntrta~ seen 704
=at seen 876
= 7(:7(+ T seen 817
pK~K*(892)° seen 414
- Kt seen 523
Zetw, seen 883
=~ ¢*anything seen -

=/ Py_ 1/1

= 1Py =3G3™)

JP has not been measured; 1+ is the quark-model prediction.

Mass m = 2574.1 &+ 3.3 MeV
m_; — m_y = 107.8 + 3.0 MeV
~c ~c

The _:/j__:i mass difference is too small for any strong decay to occur.

Elc+ DECAY MODES Fraction ([';/T) p (MeV/c)

=+

=7 seen 106
= 107 = 3G

JP has not been measured; %‘*’ is the quark-model prediction.

Mass m = 2578.8 + 3.2 MeV
M=y — M= = 107.0 + 2.9 MeV
~c ~c

The E’CO - Eg mass difference is too small for any strong decay to occur.
E’g DECAY MODES Fraction (I;/I) p (MeVjc)
=0
=7 seen 105

107 = 33

JP has not been measured; %* is the quark-model prediction.

Z,(2645)" mass m = 2647.4 + 2.0 MeV (S =1.2)
=.(2645)% mass m = 2644.5 + 1.8 MeV
M= (26a5)+ — M=0 = 175.6 £ 1.4 MeV (S =1.7)

M= (easy — m_y = 1782 + 1.1 MeV
= =

Zc(2645)* full width I < 3.1 MeV, CL = 90%
=c(2645)° full width I < 5.5 MeV, CL = 90%

= is the only strong decay allowed to a = resonance having this mass.

=, (2645) DECAY MODES Fraction (I';/T) p (Mev/c)
_:g at seen 98
=ta— seen 107

—c

107y = 337)

JP has not been measured; %’ is the quark-model prediction.

Z£(2790)F mass = 2790.0 £ 3.5 MeV
Z.(2790)° mass = 2790 + 4 MeV

M= (2790)+ — m_ﬂg = 318.2 & 3.2 MeV
mEC(2790)0 — m_:? = 324.0 + 3.3 MeV
Z:(2790)* width < 15 MeV, CL = 90%
Z.(2790)° width < 12 MeV, CL = 90%

Z¢(2790) DECAY MODES

=4
-cC

JP has not been measured; %_ is the quark-model prediction.

Fraction (;/T) P (MeVc)

™ seen 162

1P =337

<(2815)" mass m = 2814.9 £ 1.8 MeV
Z,(2815)° mass m = 2819.0 + 2.5 MeV
M= (2815)+ — m_:;r = 348.6 = 1.2 MeV
m55(2815)0 — m_:g = 347.2 £ 2.1 MeV
Z(2815)* full width I < 3.5 MeV, CL = 90%
=.(2815)° full width I < 6.5 MeV, CL = 90%

The =, mx modes are consistent with being entirely via =-(2645) 7.

=(2815) DECAY MODES Fraction (I /T) p (MeV/c)
_:;r ata— seen 196
= 8 atr™ seen 187

o

Py _ (1
ps 1Py =0(31)
JP has not been measured; %+ is the quark-model prediction.

Mass m = 2697.5 £ 2.6 MeV (S = 1.2)
Mean life 7 = (69 + 12) x 10715 s
cr =21 um

No absolute branching fractions have been measured.

.ﬂg DECAY MODES Fraction (I';/T) p (MeV/c)
StK-K- ot seen 691
0K gt seen 903
=K atxt seen 832
ety seen 830
-t seen 822
Q- 7ta0 seen 798
Q- natat seen 754
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BOTTOM BARYONS
(B=-1)

A =udb, Z) = usb, =, = dsb

&

1UP) = o3

1(JP) not yet measured; 0(3) is the quark model prediction.

Mass m = 5624 + 9 MeV (S = 1.8)
Mean life 7 = (1.229 + 0.080) x 10712 s
cr = 368 pm

These branching fractions are actually an average over weakly decaying
b-baryons weighted by their production rates in Z decay (or high-energy
pP), branching ratios, and detection efficiencies. They scale with the LEP
b-baryon production fraction B(b — b-baryon) and are evaluated for our
value B(b — b-baryon) = (9.9 + 1.7)%.

The branching fractions B(b-baryon — A~ wyanything) and B(A% —

/lzré’wanything) are not pure measurements because the underlying
measured products of these with B(b — b-baryon) were used to determine
B(b — b-baryon), as described in the note “Production and Decay of
b-Flavored Hadrons.”

P
Ag DECAY MODES Fraction (I;/I) Confidence level (MeV/c)
J/Y(1S)A (4.7+2.8) x 1074 1744
/\;Wr’ seen 2345
At a1(1260)~ seen 2156
AL 4~ Tganything 1] (9.242.1) %
pr~ < 5.0 %105 90% 2732
pK— < 5.0 %1075 90% 2711
Ny <13 x 1073 0% 2701
b-baryon ADMIXTURE (A, Zp, Zp, £25) |
Mean life 7 = (1.208 + 0.051) x 10712 5

These branching fractions are actually an average over weakly decaying

b-baryons weighted by their production rates in Z decay (or high-energy

pP), branching ratios, and detection efficiencies. They scale with the LEP

b-baryon production fraction B(b — b-baryon) and are evaluated for our

value B(b — b-baryon) = (9.9 + 1.7)%.

The branching fractions B(b-baryon — A~ wjanything) and B(A% —

Aer* vganything) are not pure measurements because the underlying

measured products of these with B(b — b-baryon) were used to determine

B(b — b-baryon), as described in the note “Production and Decay of

b-Flavored Hadrons.”
b-baryon ADMIXTURE DECAY MODES
(Ap:=p:Zp2p) Fraction (I';/T') p (MeVjc)

pp~ Tanything
pLUganything
panything

AL~ Tganything
A/ Aanything

=7 (" pganything

(49T 1) %
(48+ 1.1)%
(60 £20 )%
(324 0.6)%
(33 £7)%
( 5.6+ 1.5)x 1073

NOTES

This Summary Table only includes established baryons. The Particle Listings
include evidence for other baryons. The masses, widths, and branching fractions
for the resonances in this Table are Breit-Wigner parameters, but pole positions
are also given for most of the N and A resonances.

For most of the resonances, the parameters come from various partial-wave
analyses of more or less the same sets of data, and it is not appropriate to
treat the results of the analyses as independent or to average them together.
Furthermore, the systematic errors on the results are not well understood.
Thus, we usually only give ranges for the parameters. We then also give a best
guess for the mass (as part of the name of the resonance) and for the width.
The Note on N and A Resonances and the Note on A and ¥ Resonances in
the Particle Listings review the partial-wave analyses.

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = v/x2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

A decay momentum p is given for each decay mode. For a 2-body decay, p is
the momentum of each decay product in the rest frame of the decaying particle.
For a 3-or-more-body decay, pis the largest momentum any of the products can
have in this frame. For any resonance, the nominal mass is used in calculating
p. A dagger (“i") in this column indicates that the mode is forbidden when
the nominal masses of resonances are used, but is in fact allowed due to the
nonzero widths of the resonances.

[a] The masses of the p and n are most precisely known in u (unified
atomic mass units). The conversion factor to MeV, 1 u = 931.494043 +
0.000080 MeV, is less well known than are the masses in u.

[b] These two results are not independent, and both use the more precise
measurement of |gz/mp|/(ap/mp)-

[c] The limit is from neutrality-of-matter experiments; it assumes g, = g +
ge. See also the charge of the neutron.

[d] The first limit is for p — anything or " disappearance” modes of a bound
proton. The second entry, a rough range of limits, assumes the dominant
decay modes are among those investigated. For antiprotons the best
limit, inferred from the observation of cosmic ray p's is 75 > 107
yr, the cosmic-ray storage time, but this limit depends on a number of
assumptions. The best direct observation of stored antiprotons gives
75/B(P — €7 7) > 7 x10° yr.,

[€] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the
best limit comes). The first limit here is from reactor experiments with
free neutrons.

[f] The parameters g4, gy, and gy, for semileptonic modes are defined by
Bl (gv + 8a7s) + i(gwm/ms;) oxy @’1Bj, and day is defined by
ga/8v = \gA/gV\eifﬁAv. See the “Note on Baryon Decay Parameters”
in the neutron Particle Listings.

[g] Time-reversal invariance requires this to be 0° or 180°.

[h] This limit is for  energies between 35 and 100 keV.

[i] The decay parameters v and A are calculated from a and ¢ using

v =11-a? cosp, tanA = 7é 1-a? sing.
See the “Note on Baryon Decay Parameters” in the neutron Particle List-
ings.
[j] See the Listings for the pion momentum range used in this measurement.
[k] The error given here is only an educated guess. It is larger than the error
on the weighted average of the published values.
[/] A theoretical value using QED.
[m] See the note on “/\j Branching Fractions” in the /\? Particle Listings.

[n] This branching fraction includes all the decay modes of the final-state
resonance.

[0] An £ indicates an e or a 1 mode, not a sum over these modes.

[p] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[q] Assuming isospin conservation, so that the other third is AT 7070
[r] A test that the isospin is indeed 0, so that the particle is indeed a /\zr.

[s] No absolute branching fractions have been measured. The following are
branching ratios relative to =~ 7t T

[t] Not a pure measurement. See note at head of /\Z Decay Modes.
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g — gluino
SEARCHES FOR gmeme . . .
The limits summarised here refer to the high-mass region
MONOPOLES, (mg 2> 5GeV), and include the effects of cascade decays, eval-
uated assuming a fixed value of the parameters x and tang.
' The limits are weakly sensitive to these parameters over much
SUPERSYMMETRY ¢ "
TECHNlCOLOR, of parameter space. Limits assume GUT relations between
COMPOSITENESS,
EXTRA DIMENSIONS, etc.

gaugino masses and the gauge coupling,
Magnetic Monopole Searches | Technicolor

Mass m > 195 GeV, CL = 95%  [any mg]
Mass m > 300 GeV, CL = 95%  [mg = mg]
Isolated supermassive monopole candidate events have not been con- Searches for a color-octet techni-p constrain its mass to be greater than
firmed. The most sensitive experiments obtain negative results. 260 to 480 GeV, depending on allowed decay channels. Similar bounds
Best cosmic-ray supermassive monopole flux limit: exist on the color-octet techni-w.

< 1.0x 10715 em=25r~ 11 for 1.1x 1074 < B < 0.1

Quark and Lepton Compositeness,

Searches for

Supersymmetric Particle Searches

. L . Scale Limits A for Contact Interactions
Limits are based on the Minimal Supersymmetric Standard Model. (the lowest dimensional interactions with four fermions)
Assumptions include: 1) 5("1) (or 7) is lightest supersymmetric particle;

2) R-parity is conserved; 3) With the exception of T and b, all scalar
quarks are assumed to be degenerate in mass and Mg, = Mg, - 4) Limits

If the Lagrangian has the form
2 — —
= B YL e
(with g2/4m set equal to 1), then we define A = AL,. For the
full definitions and for other forms, see the Note in the Listings
on Searches for Quark and Lepton Compositeness in the full Re-
view and the original literature.

Aj,(eeee) > 8.3 TeV, CL = 95%

for sleptons refer to the 7R states.
See the Particle Listings for a Note giving details of supersymmetry.
%9 — neutralinos (mixtures of 3, Z°, and HY)
Mass My > 46 GeV, CL = 95%  [all tang3, all Amy, all mg]
Mass Mg > 62.4 GeV, CL = 95%

9 A (eeee) > 103 TeV, CL = 95%
1<tang <40, all mg, all m_o — m_
[1<tans o- 21l My %) Nf(eenp) > 8.5TeV, CL = 95%
Mass mge > 99.9 GeV, CL = 95% A 6.3 TeV. CL — 95%
[1<tang <40, all mg, all m_ — m_o] wleenn) > 63 TeV, CL = 95%
? ! Af(eerT) > 5.4 TeV, CL=95%
—t . ) T4 s
X; — charginos (mixtures of W= and H}") A leerr) > 6.5TeV, CL = 95%
M - 94 GeV, CL = 959
3 Mys > 4 5¢ % Af(eeeey > 9.0 TeV, CL = 95%
[tanB < 40, m_s — m_q > 3 GeV, all my] - oro
Xi X Ap (eeee) > 7.8TeV, CL = 95%
‘@ — scalar electron (selectron) /\er(ee uu) > 233 TeV, CL = 95%
— 0, SR
Mass m > 73 GeV, CL = 95%  [all mg, mi?] Aj(eeuu) > 125 TeV, CL = 95%
7 — scalar muon (smuon) Aji(eedd) > 11.1TeV, CL = 95%
— 0,
Mass m > 94 GeV, CL = 95% A (eedd) > 264 TeV, CL = 95%
[1 <tang < 40, Mie=Mzo > 10 GeV] + ovo
1 Afj(eecc) > 1.0 TeV, CL = 95%
7 — scalar tau (stau) . Aj(eecc) > 2.1TeV, CL = 95%
Mass m > 81.9 GeV, CL = 95% Af (eebb) > 5.6 TeV, CL = 95%
[mz, — M >15 GeV, all 0,] LL '
B Aj(eebb) > 4.9 TeV, CL = 95%
g — scalar quark (squark) A ( ) > 2.9 Tev, CL = 95%
These limits include the effects of cascade decays, evaluated L (Hraa ’ T RR
assuming a fixed value of the parameters y and tang. The A (ppgq) > 42TeV, CL = 95%
limits are weakly sensitive to these parameters over much of A(lviv) > 3.10 TeV, CL = 90%
_parameter space. Limits assume_ GUT relations between gaug- Nevqq) > 2.81 TeV, CL = 95%
ino masses and the gauge coupling. /\-[L(qqqq) > 2.7 TeV, CL = 95%
Mass m > 250 GeV, CL =95% [tan8 =2, p <0, A=0] AT (Gqqq) > 2.4 TeV, CL = 95%
~ LL : et
b — scalar bottom (sbottom) Aer(’“’qq) > 5.0 TeV, CL = 95%
Mass m > 89 GeV, CL = 95%  [m; — myo >8 GeV, all 6 ]
1 X1 A (vrqq) > 5.4 TeV, CL=95%

T — scalar top (stop)
Mass m > 95.7 GeV, CL = 95%
[t — cX?, all 6;, m; — m_g >10 GeV]
X1
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The limits from £*+ £~ do not depend on X (where ) is the

£0* transition coupling). The A-dependent limits assume chiral Please refer to the Extra Dimensions section of the full Review for
coupling. a discussion of the model-dependence of these bounds, and further
constraints.

Constraints on the fundamental gravity scale

e*+ — excited electron
Mass m > 103.2 GeV, CL = 95% (from e* e*)

Mass m > 255 GeV, CL = 95%  (from ee*) My > 1.1TeV, CL = 95% (dim-8 operators; pp — et e™, 77)
Mass m > 310 GeV, CL = 95%  (if A, = 1) Mp > 1.1TeV,CL=95% (ete~ — Gv; 2-flat dimensions)
. . Mp > 3-1000 TeV  (astrophys. and cosmology; 2-flat dimensions;
' — excited muon limits depend on technique and assumptions)
— 959 -

Mass m > 103.2 GeV, CL = 905A (from e ) Constraints on the radius of the extra dimensions,

Mass m > 190 GeV, CL = 95%  (from pp*) for the case of two-flat dimensions of equal radii
7%+ — excited tau r< 90-660 nm  (astrophysics; limits depend on technique and

Mass m > 103.2 GeV, CL = 95%  (from 7*7*) assumptions)

Mass m > 185 GeV, CL = 95%  (from 77%) r< 0.22mm, CL =95% (direct tests of Newton’s law; cited

" . . in Extra Dimensions review)
v* — excited neutrino

Mass m > 102.6 GeV, CL = 95% (from v*v*)
Mass m > 190 GeV, CL = 95% (from vv*)

q* — excited quark

Mass m > 45.6 GeV, CL = 95% (from g* g*)
Mass m > 570, none 580-760 GeV, CL = 95% (from g*X)

Color Sextet and Octet Particles
Color Sextet Quarks (gg)

Mass m > 84 GeV, CL = 95%  (Stable g)
Color Octet Charged Leptons (£g)

Mass m > 86 GeV, CL = 95%  (Stable £g)

Color Octet Neutrinos (vg)
Mass m > 110 GeV, CL=90% (vg — vg)
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TESTS OF CONSERVATION LAWS
Updated February 2004 by L. Wolfenstein and T.G. Trippe.

In keeping with the current interest in tests of conservation
laws, we collect together a Table of experimental limits on
all weak and electromagnetic decays, mass differences, and
moments, and on a few reactions, whose observation would
violate conservation laws. The Table is given only in the full
Review of Particle Physics, not in the Particle Physics Booklet.
For the benefit of Booklet readers, we include the best limits
from the Table in the following text. Limits in this text are for
CL=90% unless otherwise specified. The Table is in two parts:
“Discrete Space-Time Symmetries,” i.e., C, P, T, CP, and
CPT; and “Number Conservation Laws,” i.e., lepton, baryon,
hadronic flavor, and charge conservation. The references for
these data can be found in the the Particle Listings in the

Review. A discussion of these tests follows.

CPT INVARIANCE

General principles of relativistic field theory require invari-
ance under the combined transformation C'PT. The simplest
tests of CPT invariance are the equality of the masses and
lifetimes of a particle and its antiparticle. The best test comes
from the limit on the mass difference between K° and K. Any
such difference contributes to the CP-violating parameter e.
Assuming CPT invariance, ¢, the phase of e should be very
close to 44°. (See the review “C'P Violation in K, decay” in
this edition.) In contrast, if the entire source of CP violation
in K% decays were a K9 — e mass difference, ¢ would be
44° 4+ 90°.

Assuming that there is no other source of CPT violation
than this mass difference, it is possible to deduce that[1]

2Amgo — m) 1l (34— + 300 — dsw)

sin (f)sw

m?u — Mmgo R

)

where ¢gw = (43.51 £ 0.05)°, the superweak angle. Using our
best values of the CP-violation parameters, we get |(mfo -
mgo)/mgo| < 10718 at CL=95%. Limits can also be placed on
specific C PT-violating decay amplitudes. Given the small value
of (1—|noo/n+-]), the value of ¢go — ¢+— provides a measure of
CPT violation in K9 — 27 decay. Results from CERN|[1] and
Fermilab[2] indicate no CPT-violating effect.

CP AND T INVARIANCE

Given CPT invariance, CP violation and T violation
are equivalent. The original evidence for CP violation came
from the measurement of |ny_| = |[A(KY — nF77)/A(K2
— 7F77)| = (2.288 + 0.014) x 1073, This could be explained
in terms of K O—Fo mixing, which also leads to the asymmetry
[[(K? — metv)-T(K) — nte™7)]/[sum] = (0.333+£0.014)%.
Evidence for C'P violation in the kaon decay amplitide comes
from the measurement of (1 — |noo/n+-|)/3 = Re('/e) =
(1.67 + 0.26) x 107%. In the Standard Model much larger CP-
violating effects are expected. The first of these, which is
associated with B-B mixing, is the parameter sin(23) now

measured quite accurately to be 0.731 &+ 0.056. A number of

other C'P-violating observables are being measured in B decays
and preliminary results are available. Direct tests of T violation
are much more difficult; a measurement by CPLEAR of the
difference between the oscillation probabilities of KO to KO
and KO to K° is related to T violation [3]. Other searches
for CP or T violation involve effects that are expected to be
unobservable in the Standard Model. The most sensitive are
probably the searches for an electric dipole moment of the
neutron, measured to be < 6 x 10726 e cm, and the electron
(0.07 + 0.07) x 10726 ¢ cm. A nonzero value requires both P

and T violation.

CONSERVATION OF LEPTON NUMBERS

Present experimental evidence and the standard electroweak
theory are consistent with the absolute conservation of three
separate lepton numbers: electron number L., muon number
Ly, and tau number L, except for the effect of neutrino mixing
associated with neutrino masses. Searches for violations are of
the following types:

a) AL = 2 for one type of charged lepton. The best
limit comes from the search for neutrinoless double beta decay
(Z,A) — (Z+2,A)+ e + e . The best laboratory limit is
t1/2 > 1.9 x 10% yr (CL=90%) for "6Ge.

b) Conversion of one charged-lepton type to another.
For purely leptonic processes, the best limits are on p — ey
and p — 3e, measured as I'(p — ey)/T(p —all) < 1.2 x 1071
and T'(u — 3e)/T(p — all) < 1.0 x 1072, For semileptonic
processes, the best limit comes from the coherent conver-
sion process in a muonic atom, p~+ (Z,A4) — e~ +(Z, A),
measured as T(u~Ti — e Ti)/T(p~Ti — all) < 4 x 10712,
Of special interest is the case in which the hadronic fla-
+em
measured as (K — ep)/T(Ky — all) < 4.7 x 10712 and
I(K* — nte p™)/T(KT — all) < 2.8 x 1071, Limits on
the conversion of 7 into e or p are found in 7 decay

vor also changes, as in K; — ey and Kt — 7

and are much less stringent than those for 4 — e con-
version, eg., I'(r — py)/T(r — all) < 1.1 x 107% and
(1 — ey)/T(1 — all) < 2.7 x 1075,

¢) Conversion of one type of charged lepton into
another type of charged antilepton. The case most studied
is =+ (Z,4) — et +(Z —2,A), the strongest limit being
T'(p~Ti — e*Ca)/T(u~Ti — all) < 3.6 x 10711,

d) Neutrino oscillations. If neutrinos have mass, then it
is expected even in the standard electroweak theory that the
lepton numbers are not separately conserved, as a consequence
of lepton mixing analogous to Cabibbo quark mixing. However,
if the only source of lepton-number violation is the mixing of
low-mass neutrinos then processes such as yu — ey are expected
to have extremely small unobservable probabilities. For small
neutrino masses, the lepton-number violation would be observed
first in neutrino oscillations, which have been the subject of
extensive experimental searches. Strong evidence for neutrino
mixing has come from atmospheric and solar neutrinos. The
SNO experiment has detected the total flux of neutrinos from

the sun measured via neutral current interactions and found it
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greater than the flux of v.. This confirms previous indications
of a deficit of v, and can be explained by oscillations with
A(m?) = (T.173:2) x 1075 eV2. Evidence for such oscillations
for reactor 7 has been found by the KAMLAND detector. In
addition, underground detectors observing neutrinos produced
by cosmic rays in the atmosphere have found a factor of
2 deficiency of upward going v, compared to downward. This
provides compelling evidence for v, disappearance, for which the
most probable explanation is v, — v, oscillations with nearly
maximal mixing and A(m?) of the order 0.0013-0.0030 eV2.
CONSERVATION OF HADRONIC FLAVORS

In strong and electromagnetic interactions, hadronic fla-
vor is conserved, i.e. the conversion of a quark of one flavor
(d,u,s,c,b,t) into a quark of another flavor is forbidden. In
the Standard Model, the weak interactions violate these conser-
vation laws in a manner described by the Cabibbo-Kobayashi-
Maskawa mixing (see the section “Cabibbo-Kobayashi-Maskawa
Mixing Matrix”). The way in which these conservation laws are
violated is tested as follows:

(a) AS= AQ rule. In the strangeness-changing semilep-

tonic decay of strange particles, the strangeness change equals
the change in charge of the hadrons. Tests come from limits on

decay rates such as T(Z+ — netv)/T(X* — all) < 5 x 1076,
and from a detailed analysis of K; — wer, which yields the
parameter z, measured to be (Rez, Imz) = (—0.002 + 0.006,
0.0012 + 0.0021). Corresponding rules are AC = AQ and AB
= AQ.

(b) Change of flavor by two units. In the Standard
Model this occurs only in second-order weak interactions. The
classic example is AS = 2 via K0 — K* mixing, which is
directly measured by m(K 1) —m(Kg) = (3.48340.006) x 10712
MeV. There is now evidence for BY — B° mixing (AB = 2),
with the corresponding mass difference between the eigenstates
(mpgo —mpo) = (0.751 4 0.012)T o = (3.304 & 0.045) x 10710

MeV, and for B'-BY mixing, with (mpo_~mpo ) > 20.6T o or
> 9x10~! MeV (CL=95%). For D°~D" mixing mpy —mpy <

5 x 107" MeV. All results are consistent with the second-order
calculations in the Standard Model.

(c) Flavor-changing neutral currents. In the Standard
Model the neutral-current interactions do not change flavor.
The low rate ['(K, — p*p™)/T(KL — all) = (7.23 £0.14) x
1079 puts limits on such interactions; the nonzero value for this
rate is attributed to a combination of the weak and electromag-
netic interactions. The best test should come from K+ — 7+
which occurs in the Standard Model only as a second-order
weak process with a branching fraction of (0.4 to 1.2)x1071°.
Recent results, including observation of two events, yields
D(K* — ntup)/T(K — all) = (1.675:8) x 10719[4]. Limits for
charm-changing or bottom-changing neutral currents are much
less stringent: T'(D° — p*p™)/T(DY — all) < 4 x 1075 and
I(BY — ptp~)/T(BY — all) < 1.6 x 1077, One cannot isolate
flavor-changing neutral current (FCNC) effects in non leptonic
decays. For example, the FCNC transition s — d + (@ + u) is
equivalent to the charged-current transition s — u + (u + d).
Tests for FCNC are therefore limited to hadron decays into
lepton pairs. Such decays are expected only in second-order in
the electroweak coupling in the Standard Model.

VU,
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I TESTS OF DISCRETE SPACE-TIME SYMMETRIES I

CHARGE CONJUGATION (C) INVARIANCE

r(x® = 37)/Total
n C-nonconserving decay parameters
atx~ 70 left-right asymmetry
parameter
a7~ 0 sextant asymmetry
parameter
at 7~ 70 quadrant asymmetry
parameter
7t 7~ 5 left-right asymmetry
parameter
at 7~ parameter § (D-wave)
T(n = 37)/Ttotal
(n— =0ete™)Miotal
m— 70wt 1) Motal
M(w(782) = 77%)/Tiotal
M(w(782) = 37%)/Tyoral
(
(
(
(
(

i

r(n'(958) — x0et e™)/Total
r(n'(958) — nete™)/Tiotal
T(n'(958) = 37)/Ttotal
T(n'(958) — 't u™70)/Tioa)
T(n'(958) — w p™n)/Tiotal

[a]
[a]

[a]
[a]

[a]
[a]

<3.1x 1078, CL = 90%
(0.09 + 0.17) x 102
(0.18 + 0.16) x 1072
(=0.17 + 0.17) x 102
(0.9 £ 0.4) x 1072

—0.02 + 0.07 (S = 1.3)
<5x 1074, CL = 95%
<4 %1075, CL = 90%
<5x 1076, CL = 90%
<1x1073, CL = 90%
<3x 1074, CL = 90%
<1.4x 1073, CL = 90%
<2.4x 1073, CL = 90%
<1.0 x 1074, CL = 90%
<6.0 x 1075, CL = 90%
<15 x 1075, CL = 90%

PARITY (P) INVARIANCE

e electric dipole moment
p electric dipole moment
Re(d;)

T = 7% 77) Mgl
T — 7070)/Miotal
(n — 470)/Tioga)
(
(

-

r('(958) — 7 77)/Tioral
r(n'(958) — 7°7%)/Toral
p electric dipole moment

n electric dipole moment

A electric dipole moment

(0.07 + 0.07) x 10726 ecm

(3.7 £3.4) x 10719 ecm

~0.22t0 0.45 x 10716 ecm, CL =
95%

<33 x 1074, CL = 90%

<4.3x 1074, CL = 90%

<6.9 %1077, CL = 90%

<2x 1072, CL = 90%

<9x 1074, CL = 90%

<0.54 x 10723 ecm

<0.63 x 10725 ecm, CL = 90%

<15x 10716 ecm, CL = 95%

TIME REVERSAL (T) INVARIANCE

Limits on e, p, 7, p, n, and A electric dipole moments under Parity
Invariance above are also tests of Time Reversal Invariance.

p decay parameters

transverse et polarization normal to
plane of pu spin, et momentum

o /A
/A

Ppin Kt — 20yt y

Ppin Kt — pt vy

Im(¢) in K+ — 70t v, decay (from
transverse p pol.)

asymmetry Ax in K9-KO mixing

Im(€) in K23 decay (from transverse p pol.)

n — pe” v, decay parameters
¢ Ay phase of g relative to gy,
triple correlation coefficient D

triple correlation coefficient D for X —
ne- ve

]

0.007 + 0.023

0+4)x1073
2+6)x 1073

4 +5)x 1073
06 +1.9) x 1072
—0.014 + 0.014

(
(
(
(

(6.6 £ 1.6) x 1073
—0.007 £ 0.026

(180.08 + 0.10)°
(~0.6 +1.0) x 1073
0.11 + 0.10
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CP INVARIANCE

Re(d)

Im(d}¥)

T — =7 77)/Total

M(n— «° 7‘0]/rt0tal

M — 4x0)/Tioral

T(0'(958) — ™ 7~)/Tiora

F(n'(958) — 70x0)/Tiota)

k% — xfxtr rate difference/average
KE o 77070 rate difference/average
Kt & ot 7r0-y rate difference/average
(8,+ — &,-) / (84 +8,-) for kT —

T

A(kE
Tup

U TUG )

T
r(KW“)Jrr(K
m(ny_q) = IM(AKY — 7z~ a0, CP-

violating) / A(K(Z — ata=x0))
m(ngog) = Im(A(K% -

070x0)/A(Kk) — 70x0x0y)

CP asymmetry A in K% — gta—ete
r(kg = 370)/Tyoal
linear coefficient j for K% — atax

wu)

0

quadratic coefficient f for K(Z — atr a0

‘E,‘F*'Y‘/E for K(z - atay

(kY — 0t u7)/Tiotal

I'(K(Z — wlete)/Motal

I'(K? g 7l'01’7)/|—total

Acp(KYxt)in DE o KQxt

Acp(KQKk*®)in D* - KL K+

Acp(KT K= aF)in DF — Kkt k=t

Acp(KEK*0)in DT - K+K*0, p— -
K= K*0

Acp(¢n¥)in DF — gt

Acp(rta—aE)in DE & xtaaE

ACP(K+K yin D9, B0 — KTk

Acp(k& kL) in DO, DO — KO kY

Acp(rtaT)in D0, B0 - ata—

Acp(x®x0)in DO, DO — 7070

Acp(k%0)in DO, D0 - k¢

Acp(K%0)in D0, DO — Kg 0

Acp(KExF)in D0 — K+a—, D0
K~ 1(+

ACP(K¥ 79)in DO — K~ xt 40,
Do - K+7r x0

ACP(Kiw¥ 70)in D0 — Ktz 40,
DO K= xtal

Acp(BT — J/p(1S)KT)

Acp(BY — J/p(1S)nt)
Acp(BT — (25)kT)
Acp(BT — DOKT)
Acp(BT — Dep(+1) KT)

Acp(BF = Dep(_1)kF)
Acp(Bt — xTx0)
Acp(BY — KT x0)
Acp(BT — k%xt)
Acp(BT — ntr—at)

Acp(BT = pt40)
Acp(BT — KkTa=gt)
Acp(BT — KT K™ KT)
Acp(BT — KTq)
ACP(B+ — wrT)
Acp(BT — wkt)
Acp(BT — ¢KT)
Acp(BT — $K*(892)T)

Acp(Bt — PO K*(892)1)
Re(ego)/(1+ego 2
At/cP
Acp (B — KTx™)
Acp(BO — pta—

cp( praT)

e]
e]
ld]

<050 x 10717 ecm, CL = 95%
<11x 10717 ecm, CL = 95%
<33 %1074, CL = 90%

<43 x 1074, CL = 90%

<6.9 x 1077, CL = 90%

<2 %1072, CL = 90%

<9 %1074, CL = 90%

(0.07 £ 0.12)%

(0.0 +0.6)%

(0.9 +3.3)%

(—0.7 + 0.5)%

—0.02 + 0.12

—0.002 £ 0.009
—0.05 £ 0.13

(-1+4)%

<1.4 x 1075, CL = 90%
0.0012 = 0.0008

0.004 + 0.006

<0.3, CL = 90%

<3.8x 10710, cL = 90%
<5.1x 10710, cL = 90%
<5.9x 1077, CL = 90%
~0.016 + 0.017

0.07 + 0.06

0.002 + 0.011

~0.02 + 0.05

—0.014 £+ 0.033
—0.02 + 0.04
0.005 + 0.016
—0.23 + 0.19
0.021 + 0.026
0.00 + 0.05
—0.03 + 0.09
0.001 £ 0.013
0.08 + 0.09

—0.03 £ 0.09

0.09+0:28
~0.007 + 0.019
~0.01 +0.13
—0.037 + 0.025
0.04 + 0.07
0.06 + 0.19
~0.19 £ 0.18
0.05 + 0.15
~0.10 + 0.08
0.03 +0.08 (S = 1.1)
~0.39 +0.35
~0.09 + 0.16
0.01 + 0.08
0.02 + 0.08
0.009 + 0.035
~0.21 + 0.19
—0.21 +0.28
0.03 + 0.07
0.09 + 0.15
0.20 + 0.31
(0.5 +3.1) x 1073
0.005 + 0.018
~0.09 + 0.04
—0.18 + 0.09

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given

as +1 standard deviation.

Acp(BY — pt k™)
Acp(BY — K*(892)tx™)
Acp(BY - Kk*(892)0¢)
Acp(BY - D*(2010)T D7)
(BY —» xtx)
(BY » xtx)
C,r (B ptam)
(8% = ptn7)
0 _, . 0
Cyr(asgy i (B — 7' (958)KY)
0 ! 0
Syrasgy i (B° — ' (958)KY)
0, 4KO
C¢Kg (B $K3)
0 0
5¢K2 (8% — ¢K)

CK+K*K05 (89 —» Kkt k= KY)
SK+K’K0 (B0 - Kkt k= KY)
Cpr(2010)- D+ (B — D*(2010)~ DT)
Sp (2010)~ D+( — D*(2010)~ D)
Cp-(2010)+ D _ (BY - D*(2010)* D7)
Spi(2010)+ D _ (B9 - D*(2010)+ D7)

€y /p(1syo B® = I/p(15)x0)
S jp(15)x0 (BY = 4/6(15)x0)
AC), (BY — pta)
ASpr (B — ptam)
[ (BY - kD)
[A] (B0 - D*+p*)
Im(A) (B - D*+D* )
Acp(B — K*(892)7)
Acp(B — s7)
[o_ (M) +a ()] / [o_(A) ~ ay (A)
-(4) o oy (A
[@(Z )a— (M) FaEF)ar (M)]
(2= — AK~)+a(@F — AKH)]/2

0.28 +0.19
0.26 + 0.35

0.05 + 0.10

~0.03 £ 0.12

—0.51 023 (S =1.2)
—0.5+ 0.6 (S =23)
0.36 + 0.18

0.19 £ 0.24
0.04 £0.13

0.27 £0.21
0.15 + 0.30
—-1.0+05
0.17 £ 0.16
—0.51 £ 0.26
—0.2+04
—-0.2+0.7
—-05+04
—-0.8+08
0.4 + 0.4
0.1+05

0.28 £0.19
0.15 £ 0.25
0.949 + 0.045
0.75 £ 0.19
0.05 £ 0.31
—0.01 £ 0.07
—0.08 + 0.11
0.012 + 0.021
0.012 £ 0.014

—0.004 £ 0.040

CP VIOLATION OBSERVED

charge asymmetry in Ke3 decays
&, = weighted average of §; (1) and
51(e)
() = [F(x~ntwy)
—T(atp— ﬁu)]/sum
b(e) = [F(x~ eTwe)
— [zt e~ 7g)]/sum
parameters for K(z — 2w decay
[ngol = A(KY — 2x0) /
A(KE — 270)]
[ng | =IAKY — xtam)y/
AKY = wta))|
[el = @[n—| + Ingo|)/3
[moo/n |
Re(e'/e) = (1 |mgo/n4—[)/3
Assuming CPT
¢4 _, phase of n _
¢ Phase of ngqg
e = (204 _ +¢0p)/3
Not assuming CPT
¢4, phase of p _
$00. Phase of 7gq
be = (264 +¢00)/3
CP asymmetry A in K(ll — gta—ete
Bcp from K? — ete ete
vcp from K — ete~ete™
parameters for K(Z — 7wt x "y decay
[n_qy] = |AKY —» 77y, cP
violating)/A(KOS — ata )
¢+77 = phase of Ny
I'(KE — 7"+7"7)/rtotal

(0.327 + 0.012)%

(0.304 =+ 0.025)%

(0.333 £ 0.014)%

(2.276 £ 0.014) x 103
(2.288 + 0.014) x 10~3

(2284 + 0.014) x 1073
[e] 0.9950 = 0.0008 (S = 1.6)
[e] (1.67 0.26) x 1073 (S = 1.6)

(43.52 + 0.06)° (S = 1.3)
(43.50 % 0.06)° (S = 1.3)
(43.51 £ 0.05)° (S = 1.2)

(43.4 £ 0.7)° (S = 1.3)
(43.7 £ 0.8)° (S = 1.2)
(43.5 £ 0.7)° (S = 1.3)
(13.8 + 2.2)%
~0.23 + 0.09
~0.09 + 0.09

(235 + 0.07) x 1073

(44 + 4)°
(2.090 + 0.025) x 1073 (S = 1.1)




84

Tests of Conservation Laws

r(k9 — x0x0)/Fygral
Parameters for B — J/yk$
sin(23)

(9.32 +£0.12) x 10=4 (S = 1.1)

0.731 £ 0.056

CPT INVARIANCE

(Myy = my-) [ Maverage
(mgy —mg_)/ Maverage
[Ggs + ae-1/e
(8g+ — 8¢-) / Baverage
(Tlﬁ - T,,) / Taverage
(8,+ ~ 8,-) / Baverage
(m s —m )/ Mayerage
("',r+ - "',,.7) / Taverage
(myey = mye)/ Maverage
(TK+ - TK—) / Taverage
KE - uiu rate difference/average
KE & ot 7r0 rate difference/average
§in KO — KO mixing
real part of §
imaginary part of &
‘mKo - "'70‘ / Maverage
(T o = T0)/Maverage
phase difference ¢y — ¢,
Re(%n+7 + %Tloo)*

Acpr(KFat)in D0 - K~ at, D0 —

Kta—
mp—mp /m
A
lap + qﬁ\/e
(Bp + wp) [ mp
(mp — mp )/ mpy
(mp = mz) [ my
(tA =) /72

(rgv = 75 /75
(bgy + pg) [ byt
(me m=y)/mo
(‘r_:, — T_E+) / T

(n=— +w=y)/ ln=—|
(M- = mgze) / Mgy
(rg- = 750 7o

I

l&]

[

[A

]

]

~0.002 + 0.007

<8 %1079, CL = 90%
<4x 1078

(=05 +2.1) x 10712
(2+£8)x107°

(—26 +1.6) x 1078
(2+5) x1074
(6+7)x1074

(0.6 +1.8) x 1074
(0.11 + 0.09)% (S = 1.2)
(—0.5 4 0.4)%

(0.8 +1.2)%

(29 +2.7) x 1074
(0.02 + 0.05) x 103
<10718, cL = 90%
(8 +8)x 10718

(0.2 + 0.4)°
(—3+35) x1076
0.008 + 0.008

<1.0 x 1078, CL = 90%
(=9 +9)x 10711

<1.0 x 1078, CL = 90%
(2.6 +2.9)x 1073
(9+5)x1075

(~0.1£1.1)x 1075 (S = 1.6)

—0.001 + 0.009
(—06+12)x 1073
0.014 + 0,015
(11£27) x 1074
0.02 +0.18

+0.01 + 0.05
(—1+8)x1075
—0.002 + 0.040

I TESTS OF NUMBER CONSERVATION LAWS |

LEPTON FAMILY NUMBER

Lepton family number conservation means separate conservation

of each of Lg, Lu' L.

Mz - e uF)/Mioral
N(Z — erF)/Toral
nz - “iT¥)/rtotal
limit on u= — e~ conversion
o(p= 325 » e 32s)
(=325 = v, 32p%)
o(p~Ti— e Ti)/
o(p~ Ti — capture)
a(p~ Pb — e~ Pb) /
o(p~ Pb — capture)
limit on muonium — antimuonium
conversion Rg =Gc / Gp
T(n™ — e ve?)/Tiotal
T~ — €7 7)/Tiotal
M~ — e et €7 )/Tiotal
T(w= — e~ 27)/Tiotal

[i
[i
[i

1]

1
1

<1.7x 1076, CL = 95%
<9.8x 1076, CL = 95%
<12 %1075, CL = 95%
<7x 10711, cL = 90%

<4.3x 10712, CL = 90%
<46 x 10711, cL = 90%

<0.0030, CL = 90%

<12 %1072, CL = 90%

<12x 1071, cL = 90%
<1.0 x 10712, cL = 90%
<72 x 10711, cL = 90%

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given

as +1 standard deviation.

F(r™ = e~ 7)/Total

Tt~ = w™7)/Ttotal

rr= — eifo)/rtotal

M~ = w10 /Niotal
rr= — e~ Kg)/rtotal
M= = p~ K%)/rtotal
F(r= — e~ n)/Total

T(r™ = »7 n)/Tiotal

rr = e O)/otal

T = w o)/ Tional
M= — e *(sez)“)/rm
F(r™ = u~ K*(892)0)/Tiota)
r(r— — e~ K*(892)0 )/rtotal
e~ — p K* (892) )/Ttotal
T — €7 ¢)/Tiotal

F(r™ = 1~ ¢)/Total

Mr= — e~ eTe™)/Tiotal
T~ — e uu™)/Total
Tr - etu u )/l
rr= — p— e*e’)/l’tom
rr= — u*e*e’)/l’mm
T~ = w 't u7) /Tiotal
T(r~ — e at77)/Miotal
rr— — ;L77r+7r7)/rt°ta|
rr= = K™)/Ttotal
Fr= — )/Tiotal
rr= — Kos)/rtotal
Mr~ = e" KT K7)/Tiotal
M~ = p~ 7t K7)Tiotal
Fr~ = p~ 7~ K1) /Tyoral
M~ = w~ KLKY)/Frotal
M(r™ = u” KT K7)/Total
rr= — 0"0)/rtotal
rir= — = w070)/Foran
F(r= = e~ nm)/Tiotal

F(r= = u=1n)/Tiotal

F(r= — e~ 7"n)/Tyotal
r(r= = uw= 70m)/Topal
F(r— — e~ light boson) /Tt
F(7— — p~ light boson)/Tioia)

<2.7x 1076, CL = 90%
<1.1x 1076, CL = 90%
<3.7%x 1075, CL = 90%
<4.0 x 1075, CL = 90%
<9.1x 1077, CL = 90%
<9.5x 1077, CL = 90%
<82 x 1076, CL = 90%
<9.6 x 1070, CL = 90%
<2.0x10 6, CL=90%
<6.3x 1070, CL = 90%
<5.1% 1070, CL = 90%
<75 %1076, CL = 90%
<7.4 %1078, CL = 90%
<7.5x 1070, CL = 90%
<6.9 x 1070, CL = 90%
<7.0x 1076, CL = 90%
<2.9x 1076, CL = 90%
<1.8 x 1076, CL = 90%
<15x10 6, CL=90%
<1.7x 1076, CL = 90%
<15 x 1076, CL = 90%
<1.9x 1075, CL = 90%
<22 %1078, CL = 90%
<82 x 1076, CL = 90%
<6.4x 1070, CL = 90%
<3.8x 1070, CL = 90%
<22 %1076, CL = 90%
<6.0 x 1078, CL = 90%
<7.5x 1076, CL = 90%
<7.4x 1076, CL = 90%
<3.4%x 1075, CL = 90%
<15 x 1075, CL = 90%
<6.5x 1070, CL = 90%
<1.4 x 1075, CL = 90%
<35 x 1075, CL = 90%
<6.0 x 1075, CL = 90%
<24 x 1075, CL = 90%
<22 x 1075, CL = 90%
<27 %1073, CL = 95%
<5x 1073, CL = 95%

LEPTON FAMILY NUMBER VIOLATION IN NEUTRINOS

Solar Neutrinos o0
6 =32.5° 755,
2 _ (71412 —5 ay2
amd = (7.170.6) %1075 ev
Atmospheric Neutrinos
36° < 6tm < 54°, CL = 90%

1.3x1073ev2 < AmZy,, < 3.0 x 103 eV?, CL = 90%

Mt — “+Ve)/rtota\

at — pmetetv) Mg
70— utes ) Ttotal
0y~ ")/ Total

0

-

r

- o

70—t + uTet)/Mora)
n— whe + u” e*)/rtota‘
T(n'(958) — en)/Trotal

Kt = p—vet e*)/rtotm

r

-

(

(

(

(m

(

(

(

(

T(KT = uFve)/Tiotal
MK = aTute™)/Tiotal
MK = a T~ eT)/Mioral
(k) — e uF)/Troral

r( - ei iﬂﬁﬂﬁ)/rtotm
I'( =y 5¥)/rtotal
roF — =t e uF) Mg
rot — K+Eiﬂ¥)/rtotal
I'( - I‘i5¥)/rtotal

r(p® — ”Oeilﬁt)/rtotal
o - neiﬁ)/rmm
100 — ata~ et uF) /Mg
r(oo — p°ei ) Teotal
r(00 — we u¥)/Tigpal
r(p0 — K7K+5iﬂ¥)/rtotal
(D% = ge uF) o

[K]

[K]

[i
[i
[i
[i
Ul
ul
[i
[i
ul
ul

i
[i

<8.0 x 1073, CL = 90%
<1.6 x 1076, CL = 90%
<3.8x 10710, CL = 90%
<3.4% 1079, CL = 90%
<1.72x 1078, CL = 90%
<6x 1070, CL = 90%
<4.7x 1074, CL = 90%
<2.0x 1078, CL = 90%
<4 %1073, CL = 90%
<28 x 10711, CL = 90%
<5.2x 10710, cL = 90%
<47x10 12, CL = 90%
<412 x 10711, cL = 90%
<6.2x 1079, CL = 90%
<3.4x 1075, CL = 90%
<6.8 %1075, CL = 90%
<8.1x 1076, CL = 90%
<8.6 x 1075, CL = 90%
<1.0x10 4, CL=90%
<15 %1075, CL = 90%
<4.9 %1075, CL = 90%
<12 %1074, CL = 90%
<1.8x 1074, CL = 90%
<3.4x 1075, CL = 90%
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r(D% — KO et uF)/Iigal

r(D0 — K= at et uF) /gl
(D% — K*(892)0 e uF)/Tigpa)
r(D;r — atet uF)/Teotal
fDF — K+et u) Mg

M — et u™) Mol

MBT — =t e uh)/Nigral

M(BY = KT et u™)/Toral
r(BT — Kte™ ut)/Migtal
F(BT — K*(892)T e uT)/Tigra)
T(BT — p~eTu™)/Tioral

r(BF — K*(©92)~ et ut)/Tiora)
rel — et 1F)/Teotal

(8% — KOe®uF)/Tigta
r(BY — K*(892)0 e i) /Fiopa)
r(BO i T¥)/rtotal

M8 — wh ) Mol

r(B — e u¥5)/Motal

(B — metuF)/Mgpal

T(B — pe* uF)/Tiotal

(B = Ket uT) Mgl

(B — K*(892)e* uT)/Tiopal
r(BY — e* u¥)/Tioral
FI/H(1S) — et uT)/Tigpal

i
[
4
[i
4]

ul

Ul
ul
ul

i

<1.0 x 1074, CL = 90%
<553 x 1074, CL = 90%
<8.3x 1075, CL = 90%
<6.1x 1074, CL = 90%
<6.3x 1074, CL = 90%
<6.4 x 1073, CL = 90%
<6.4 x 1073, CL = 90%
<8x 1077, CL = 90%
<6.4 x 1073, CL = 90%
<7.9x 1076, CL = 90%
<33 x 1076, CL = 90%
<4.4 x 1076, CL = 90%
<1.7x 1077, CL = 90%
<4.0 x 1076, CL = 90%
<3.4 %1076, CL = 90%
<53 x 1074, CL = 90%
<83 x 1074, CL = 90%
<22 %1075, CL = 90%
<1.6 x 1076, CL = 90%
<32 %1076, CL = 90%
<1.6 x 1076, CL = 90%
<6.2x 1076, CL = 90%
<6.1x 1076, CL = 90%
<1.1x 1076, CL = 90%

TOTAL LEPTON NUMBER

Violation of total lepton humber conservation also implies violation
of lepton family number conservation.

N(Z — pe)/Tiotal
"(Z = pu)/Tiotal
limit on u~ — e conversion
o(p 325 — et 32g%)
o(u= 325 = v, 3%p7)
o(p 127) e+ 127gp*)
o(p™ 127, anything)
o(u~ Ti— etca)/
o(p™ Ti — capture)
M(r~ — eta™n7)/Mgal
M~ = pT 7™ 77) Miotal
T(r~ = et 77 K7)/Miotal
r(r= — et K= K™)/Tiotal
M~ — pT o™ K7)/Tiotal
T~ = pT KT K™)/Tiotal
Tt~ = P7)/Total
(™ = pr0)/Tioral
r(r= — p27%)/Total
T(r= — Pn)/Tiotal
(= = pa0n)/Tiotal
t1/2( 76Ge — Tbse 4 2 ¢~ )
Mt = wt7e)/Miotal
F(kt — = utet)/Miotal
T(KT = 77 eTeT)/Tigral
MK = 7wt ut)/Tiotal
Tkt = ut7e)/Mioral
MK = wOetme)/Miggal
r(DF — =~ etet)/ M
TDF = «= whuh)/Miotal
r(OF = 7= et uh) Mol
r(DF = p~utuh)/Migral
r(pt — K~ et et)/Mora
rOF — K= pt ) Meotal
rOt — K=et ut)/Tigta)
r(DF = K*(892)~ ut i) /Migtal
r(D% - 7~ x~ et et + c.c)/Myptal
rO% — = = whut+ce)/Motal
r(D% - K—a~etet +cc)/Toral
rD% — K= 7~ wtut+ cc)/Mopal
r(p% — K~ K~ etet + cc)/Mypal
r(0% —» K=K~ ptpt+ cc)/Motal

[K]

[K]
[K]

<1.8x 1076, CL = 95%
<1.8x 1076, CL = 95%

<9x10710, cL = 90%

<3x10710, cL = 90%
<3.6 x 10711, CL = 90%

<1.9 x 1076, CL = 90%
<3.4 x 1076, CL = 90%
<2.1x 1076, CL = 90%
<3.8x 1076, CL = 90%
<7.0x 1076, CL = 90%
<6.0 x 1076, CL = 90%
<35 %1076, CL = 90%
<15 x 1075, CL = 90%
<33 %1075, CL = 90%
<8.9 x 1076, CL = 90%
<2.7%x 1075, CL = 90%
>1.9 x 1025 yr, CL = 90%
<15 x 1073, CL = 90%
<5.0 x 10710, cL = 90%
<6.4 x 10710, CL = 90%
<3.0 x 1079, CL = 90%
<33 x 1073, CL = 90%
<3x 1073, CL = 90%
<9.6 X 1075, CL = 90%
<4.8 %1076, CL = 90%
<5.0 x 1075, CL = 90%
<5.6 x 1074, CL = 90%
<12 x 1074, CL = 90%
<13 %1075, CL = 90%
<13 %1074, CL = 90%
<85 x 1074, CL = 90%
<112 x 1074, CL = 90%
<29x10 5,CL =90%
<2.06 x 1074, CL = 90%
<3.9x 1074, CL = 90%
<152 x 1074, CL = 90%
<9.4 %1075, CL = 90%

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given

as +1 standard deviation.

I'(D0 — ma etput+ c.c.)/Total
I'(D0 — K x—etpt+ c.c.)/Tiotal
r(p0 — k=K~ etut+ cc)/Topal
r(D;r — r=etet)/Motal

roF — == wh uh)/Motal

r(oF — =~ et uh)/Moal

r(D;r — K™et e+)/rtotal

[0 = K whut)/Mgral

r(D;r — K~ et uh) /Mol

roF — Kk*(892)~ ut ut)/Mygral
r(B+ — =~ etet)/Migral

FBT = m whuh) Mo

r(BT — =~ et ut)/Migal

N(B* — p~eTe)/Migal

T(BT — p~wtu™)/Tioral

r(BT — K~eTel)/Mygry

rB+ — K= utut)/Tiogal

r(B+t — K=et ut)/Tyoral

r(et — k*(892)~ et et)/Mgtal
r(B+ — K*(892)~ ut M+)/rtotal
F(E" = pu™ u7)/Tiotal

rAf = == utut) /Mgl

<7.9x 1075, CL = 90%
<2.18 x 1074, CL = 90%
<5.7 x 1075, CL = 90%
<6.9 x 1074, CL = 90%
<29 %1075, CL = 90%
<73 x 1074, CL = 90%
<6.3 %1074, CL = 90%
<13x10 5, CL=90%
<6.8 x 1074, CL = 90%
<1.4x 1073, CL = 90%
<1.6 x 1076, CL = 90%
<14 x10 6, CL=90%
<13 %1070, CL = 90%
<26 %1075, CL = 90%
<5.0 x 1075, CL = 90%
<1.0 x 1078, CL = 90%
<1.8x 1076, CL = 90%
<2.0 x 1076, CL = 90%
<2.8x 1076, CL = 90%
<83 %1076, CL = 90%
<4x 1074, CL=90%
<7.0 x 1074, CL = 90%

BARYON NUMBER

T(Z — pe)/Tiotal
N(Z = pu)/Tiotal

-

(

(

(7= = P1)/Ttotal
(1~ = pr0)/Fiota)
r(r= = p2n0)/Figpal
F(r™ = Pn)/Tiotal
r(r= = pr0n)/Motal
p mean life

<1.8x 1070, CL = 95%
<1.8x 1070, CL = 95%
<35 x 1070, CL = 90%
<15 x 1075, CL = 90%
<33 %1075, CL = 90%
<89 x 1076, CL = 90%
<27 x 1075, CL = 90%
>2.1 x 1029 years, CL = 90%

A few examples of proton or bound neutron decay follow. For limits on many other nucleon

decay channels, see the Baryon Summary Table.

(N — etm)
(N — utr)
(N — etK)
(N — uTK)

limit on n7 oscillations (free n)
limit on n7 oscillations (bound n)

> 158 (n), > 1600 (p) x 1030 years,

CL = 90%

> 100 (n), > 473 (p) x 1030 years,
CL = 90%

> 17 (n), > 150 (p) x 1030 years,
CL = 90%

> 26 (n), > 120 (p) x 1030 years,
CL = 90%

>0.86 x 108 s, CL = 90%

[ >1.2x108s, CL = 90%

ELECTRIC CHARGE (Q)

e — Vg7 and astrophysical limits
F(n— prePe)/Tiotal

[m] >4.6 x 1026 yr, CL = 90%

<8x 10727, CL = 68%

AS = AQRULE

Violations allowed in second-order weak interactions.

T(KT = aTat e 7e)/Migtal
Kt — Hﬁ;ﬁvu)/rmm

<1.2x 1078, CL = 90%
<3.0x 1076, CL = 95%

x=AKO - ==t v)/AKD — = £t y) = A(AS=—AQ)/A(AS=AQ)

real part of x

imaginary part of x
rzt - netw)/r(s— - ne— 7
T(=t = netwe)/Tioral
r()——Jr - "#+VM)/rtotal
M0~ == eTve)/Migtal
r=0— - ‘ﬁ"u)/rtotal

—0.002 + 0.006
0.0012 + 0.0021
<0.043

<5x 1076, CL = 90%
<3.0 x 1075, CL = 90%
<9x 1074, CL = 90%
<9x 1074, CL = 90%




86

Tests of Conservation Laws

AS = 2 FORBIDDEN

Allowed in second-order weak interactions.

Pm7)/Trotal

Pe” Ve)/Tiotal
PrT7y)/Trotal
n77)Tiotal
ne”7¢)/Tiotal
np” 7))/ Teotal
pr— ) /Teotal
pr e Ve)/Tiotal
P 1™ 7)Tiotal
A7) [Tiotal

<4x1075, CL = 90%
<13x1073
<13x1073

<1.9 %1075, CL = 90%
<32 %1073, CL = 90%
<1.5x 1072, CL = 90%
<4x 1074, CL = 90%
<4x 1074, CL = 90%
<4 %1074, CL = 90%
<1.9x 1074, CL = 90%

AS =2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

myo = My
Ki Ks

myeo — Myqo
Ki Ks

(0.5292 + 0.0010) x 1010 5 s=1 (s

=12
(3.483 £ 0.006) x 10712 Mev

AC = 2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

m
‘ D! Dg‘

(FD? - ng)/r =
r(D% — K+ e~ wy(via D0))/Tiorar
r(p% — K+ a~ (via DY)/l

0o—m
1

r(0% - Kkt xt 7 (via D2))/Miotal

r(p0 — u~anything (via D))/ otal

[ <7x1010 As—1, CL=95%

0.016 + 0.010

<17 x 1074, CL = 90%
<1.6 X 1075, CL = 95%
<4 %1074, CL = 90%
<4 x 1074, CL = 90%

AB =2 VIA MIXING

Allowed in second-order weak interactions, e.g. mixing.

Xd

Ampgy =mpy — mpyg
B By By

xd:AmBO/FBO

Amy =mpgy —mpyg
B Bsn By,

Xe = Am oo /T g
s BS BS

Xs

0.186 + 0.004
(0.502 + 0.007) x 1012 A s—1

0.771 + 0.012
>14.4 %1012 i s—1, CL = 95%

>20.6, CL = 95%

>0.49883, CL = 95%

AS =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

MKt = afete™) Mg
MK = =t utu™) Tiotan
T(KT — 7T vD)/Tiotal
MK = atalvw) g
Tk = w17)/Mrotal
r(kE - ete)/Mgral
I'(KOS — alet €7)/Tiotal
r(kY = wt ) Miotal

I'(K‘Z - e_*'ei)/rtotal
MK — wtr=ete)/Migral
(kY — w0x0ete™)/Tigra
M(k) = whu” et e™) /Mol
I'(Kg — ete~ e*e*)/l’mm
(kY — 70t u7) /Tigtal
MK} — 7€t e™)/Myora)

I'(KE i ”oVV)/rtotal
T(Z+ — pete™)/Mioal

[o]

1]

(2.88 + 0.13) x 107
(8.1+1.4)x 1078 (S =27)
(16718 x10-10

<43 %1075, CL = 90%
<32 %1077, CL = 90%
<14 x 1077, CL = 90%
@.0F1H5) x 1070

(7.27 £ 0.14) x 1072
(T8 x 10712

(3.11 £ 0.19) x 107
<6.6 x 1079, CL = 90%
(2.69 £ 0.27) x 1072
(3.75 £ 0.27) x 10=8
<3.8 x 10710, cL = 90%
<5.1x 10710, cL = 90%
<5.9 %1077, CL = 90%
<7x1076

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given

as +1 standard deviation.

AC =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

r(pt — atete )/ Mgtal

(
T(DF — =t u ™)/ Miotal
r(DF — pFutu™)/Tiotal
(DY — ¥7)/Trotal
r(0% — ete™)/Motal
(00 — whu™)/Motal
r(0% — x0ete™)/Mipral
r(00 — 70+ ™) Migtal
r(p® — net €7)/Tiotal
r(D0 — nut u™)/Tiotal
ro% - atx ete )Mol
(D0 — et e) /Mgy
(00 — a7~ pt ™) /Miotal
r(00 = o0 ut u™)/Tigral
r(p® — wet €7)/Ttotal
r(0% - wu u™)/Motal
r(00 — K= ktete )/l
r(D0 — gete™)/Motal
r(00 — K= K¥ uF u7)/Tiotal
100 = ¢ut u7)/Tiotal
r(o% — K=xtet e )/Moral
r(0% — K=atut =) /Moran
100 — ata= a0 ut u=) /Mot
L z
r(og — KT ete™)/Miotal
F(OF — K+t i) Figral
roF — k*(892)F ut u7)/Miotal
(

s _
AL = putuT)/Tiotal

<52 %1075, CL = 90%
<8.8x 1076, CL = 90%
<5.6 x 1074, CL = 90%
<2.8x 1075, CL = 90%
<62 x 1070, CL = 90%
<4.1x 1076, CL = 90%
<45 x 1075, CL = 90%
<1.8x 1074, CL = 90%
<1.1x 1074, CL = 90%
<53 x 1074, CL = 90%
<373% 10 4, CL = 90%
<1.0x 1074, CL = 90%
<3.0x 1075, CL = 90%
<22 %1075, CL = 90%
<1.8x 1074, CL = 90%
<83 x 1074, CL = 90%
<3.15 x 1074, CL = 90%
<52 %1075, CL = 90%
<33 %1075, CL = 90%
<3.1x 1075, CL = 90%
<3.85 x 1074, CL = 90%
<359 x 1074, CL = 90%
<8.1x 1074, CL = 90%
<16 x 1073, CL = 90%
<3.6 x 1075, CL = 90%
<14 x 1073, CL = 90%
<3.4 %1074, CL = 90%

AB =1 WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher-order electroweak interactions.

r(B+ — ntete™)/Motal

T(BT — aF uT u™)/Mgral

r(BT — Ktete™)/Mal

TBT — KTutu )/Mgtal

M(BY — KTetem)/Moral

r(BY — KTov)/Miotal

r(et — k*(892)t et e™)/Motal
r(et — k*(892)% ut u™)/Tomal
r(B+ — Kk*(892)1 €1 8)/Toral

(

(

(

(

(

(

(

(

(

(B9 = 77)/Total

(B — et e™)/ Mol

(BY — wtp™)/Tioral

(50 — KOet €7)/Tiotal

(B9 - KOuT 1)/ Tiotal

(80 — K0£+17)/rtotal

(B9 — K*(892)%et e™)/Moral

r(BO — K*(892)0ut 1) /Tyoral

(B — K*(892)007)/Tyopay
(B% — K*(892)04F£7) /oy
(B — set €7 )/Ttotal
(B = suu™)/Tiotal
(B — 5£+£7)/rtotal
(B — Kete™)/Toal
(B — K*(892)eT e™)/Tioal
(B = Kuu™)/Tiotal
(B — K*(892)ut u™)/Tiopal
(
(
(
(
(
(
(

r(B — K&te™)/Tygtal

r(B — K*(892)¢1¢7)/Tyora)
r(b— wt ™ anything)/Tyora)
r(B2 - utu™)/Motal

(B2 — et e™)/Tiotal

(82 - ¢(1020)ut u~)/Mygpal
(B = ¢v7)/Tiotal

lq

la]

la]

[q]

la]

<3.9%x 1073, CL = 90%
<9.1x 1073, CL = 90%
(63719 x 1077

(a5 19 x10 7

(53 +1.1)x 107
<24 %1074, CL = 90%
<4.6 x 1076, CL = 90%
<22 %1075, CL = 90%
<22 x 1070, CL = 90%
<1.7x 1076, CL = 90%
<1.9x 1077, CL = 90%
<16 x 1077, CL = 90%
<5.4 %1077, CL = 90%
(56+22) x 107

<6.8 x 1077, CL = 90%
<24 x 1076, CL = 90%
(1.3 +0.4) x 1076
<1.0 x 1073, CL = 90%
(1.17 + 0.30) x 1076
5.0 & 2.6) x 1076
7.9+39) x 106
61720 1076
48713 x 1077

1.5 + 0.5) x 1070

4.8 +1.2)x 1077
1177 33%) x 1076

5.4 +0.8) x 1077
(1.05 £ 0.20) x 1076
<32 %1074, CL = 90%
<2.0x 1078, CL = 90%
<5.4 %1075, CL = 90%
<47 x 1075, CL = 90%
<5.4x 1073, CL = 90%

(
(
(
(
(
(
(
(
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AT =1 WEAK NEUTRAL CURRENT FORBIDDEN
Allowed by higher-order electroweak interactions.

[r] <137 x10 2,CL=095%

NOTES

r(t — Zq(q=u,0))/Ttotal

In this Summary Table:

When a quantity has “(S = ...)" to its right, the error on the quantity has
been enlarged by the “scale factor” S, defined as S = v/x2/(N — 1), where N
is the number of measurements used in calculating the quantity. We do this
when S > 1, which often indicates that the measurements are inconsistent.
When S > 1.25, we also show in the Particle Listings an ideogram of the
measurements. For more about S, see the Introduction.

[a] C parity forbids this to occur as a single-photon process.

[b] Time-reversal invariance requires this to be 0° or 180°.

[c] Allowed by higher-order electroweak interactions.

[d] Violates CP in leading order. Test of direct CP violation since the in-
direct CP-violating and CP-conserving contributions are expected to be
suppressed.

[e] Re(€’/€) = € /e to a very good approximation provided the phases satisfy
CPT invariance.

[f] Neglecting photon channels. See, e.g., A. Pais and S.B. Treiman, Phys.
Rev. D12, 2744 (1975).

Unless otherwise stated, limits are given at the 90% confidence level, while errors are given
as +1 standard deviation.

[g] Derived from measured values of ¢, _, ¢go. m m and

n K~ Kg|'

T 0. as described in the introduction to “Tests of Conservation Laws.”
S

[h] These two results are not independent, and both use the more precise
measurement of |gz/mp|/(qp/mp)-

[i] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[/] A test of additive vs. multiplicative lepton family number conservation.

[k] Derived from an analysis of neutrino-oscillation experiments.

[/] There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons (from which the

best limit comes). The first limit here is from reactor experiments with
free neutrons.

[m] This is the best limit for the mode e~ — v+y. The best limit for “electron
disappearance” is 6.4 x 1024 yr.

[n] This DY — DY limit is inferred from the D°-DP mixing ratio M(K* x~ (via
DO) / T(K~— =) near the end of the DO Listings.

[o0] See the KOS Particle Listings for the energy limits used in this measure-
ment.

[p] See the K‘z Particle Listings for the energy limits used in this measure-
ment.

[q] An ¢ indicates an e or a ;. mode, not a sum over these modes.

[r] This limit is for [(t — Zgq)/T(t — Wb).
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