
��������

Gauge � Higgs Boson Summary Table

SUMMARY TABLES OF PARTICLE PROPERTIES

Extracted from the Particle Listings of the

Review of Particle Physics

S� Eidelman et al�� Phys� Lett� B ���� � ������
Available at http���pdg�lbl�gov

Particle Data Group Authors�

S� Eidelman� K�G� Hayes� K�A� Olive� M� Aguilar�Benitez�C� Amsler�
D� Asner� K�S� Babu� R�M� Barnett� J� Beringer� P�R� Burchat�
C�D� Carone� C� Caso� G� Conforto� O� Dahl� G� D�Ambrosio� M� Doser�
J�L� Feng� T� Gherghetta� L� Gibbons� M� Goodman� C� Grab�
D�E� Groom� A� Gurtu� K� Hagiwara� J�J� Hern�andez�Rey� K� Hikasa�
K� Honscheid� H� Jawahery� C� Kolda� Y� Kwon� M�L� Mangano�
A�V� Manohar� J� March�Russell� A� Masoni� R� Miquel� K� M�onig�
H� Murayama� K� Nakamura� S� Navas� L� Pape� C� Patrignani� A� Piepke�
G� Ra�elt� M� Roos� M� Tanabashi� J� Terning� N�A� T�ornqvist�
T�G� Trippe� P� Vogel� C�G� Wohl� R�L� Workman� W��M� Yao� P�A� Zyla

Technical Associates�

B� Armstrong� P�S� Gee� G� Harper� K�S� Lugovsky� S�B� Lugovsky�
V�S� Lugovsky� A� Rom

Other authors who have made substantial contributions to

the reviews�

M� Artuso� E� Barberio� M� Battaglia� H� Bichsel� O� Biebel� P� Bloch�
R�N� Cahn� D� Casper� A� Cattai� R�S� Chivukula� G� Cowan� T� Damour�
K� Desler� M�A� Dobbs� M� Drees� A� Edwards� D�A� Edwards� V�D� Elvira�
J� Erler� V�V� Ezhela� W� Fetscher� B�D� Fields� B� Foster� D� Froidevaux�
M� Fukugita� T�K� Gaisser� L� Garren� H��J� Gerber� G� Gerbier�
F�J� Gilman� H�E� Haber� C� Hagmann� J� Hewett� I� Hinchli�e�
C�J� Hogan� G� H�ohler� P� Igo�Kemenes� J�D� Jackson� K�F� Johnson�
D� Karlen� B� Kayser� D� Kirkby� S�R� Klein� K� Kleinknecht� I�G� Knowles�
P� Kreitz� Yu�V� Kuyanov� O� Lahav� P� Langacker� A� Liddle�
L� Littenberg� D�M� Manley� A�D� Martin� M� Narain� P� Nason� Y� Nir�
J�A� Peacock� H�R� Quinn� S� Raby� B�N� Ratcli�� E�A� Razuvaev� B� Renk�
G� Rolandi� M�T� Ronan� L�J� Rosenberg� C�T� Sachrajda� Y� Sakai�
A�I� Sanda� S� Sarkar� M� Schmitt� O� Schneider� D� Scott� W�G� Seligman�
M�H� Shaevitz� T� Sj�ostrand� G�F� Smoot� S� Spanier� H� Spieler�
N�J�C� Spooner� M� Srednicki� A� Stahl� T� Stanev� M� Suzuki�
N�P� Tkachenko� G�H� Trilling� G� Valencia� K� van Bibber� M�G� Vincter�
D�R� Ward� B�R� Webber� M� Whalley� L� Wolfenstein� J� Womersley�
C�L� Woody� O�V� Zenin� R��Y� Zhu

c�Regents of the University of California

�Approximate closing date for data� January 	� 
���

GAUGE AND HIGGS BOSONSGAUGE AND HIGGS BOSONSGAUGE AND HIGGS BOSONSGAUGE AND HIGGS BOSONS

���� I �JPC � � ��������

Mass m � �� ����� eV

Charge q � �� ����� e

Mean life � � Stable

gggg

or gluonor gluonor gluonor gluon
I �JP � � �����

Mass m � � �a�

SU��� color octet

WWWW J � �

Charge � �� e

Mass m � 	��
�� � ����	 GeV

mZ � mW � ������ � ����	 GeV

m
W� � m

W� � ���� � ��� GeV

Full width  � ����
 � ���
� GeV�
N��

�
� ����� � �����

NK�

�
� ���� � �����

Np

�
� ���� � ���
�

Ncharged

�
� ���
� � ����

W� modes are charge conjugates of the modes below�

p

W� DECAY MODESW� DECAY MODESW� DECAY MODESW� DECAY MODES Fraction �	i 
	� Con�dence level �MeV
c�

��� �b� ������ ����� � �
e�� ������� ���� � �����

��� ������� ����� � �����

�� � ������� ����� � �����

hadrons ����� ����� � �
�� � � � � ���� ��� �����

D�
s
� � ��� � ���� ��� �����

cX ���� � ��� � � �

c s ��� ���
��� � � �

invisible �c� � ��� � ��� � � �

ZZZZ J � �

Charge � �

Mass m � ����	�� � ������ GeV �d�

Full width  � ��
��� � ������ GeV


�
�� ��

�
� 	���	
 � ���	� MeV �b�


�
invisible

�
� 
���� � ��� MeV �e�


�
hadrons

�
� ��

�
 � ��� MeV


�
����

�
�
�
e� e�

�
� ������ � �����	


�
�� ��

�
�
�
e� e�

�
� ������ � ������ �f �

Average charged multiplicityAverage charged multiplicityAverage charged multiplicityAverage charged multiplicity
�
Ncharged

�
� ����� � ����

Couplings to leptonsCouplings to leptonsCouplings to leptonsCouplings to leptons

g �V � ������	� � �����
�

g �A � �������� � �������

g�e � ���� � ����

g�� � ����� � �����

Asymmetry parametersAsymmetry parametersAsymmetry parametersAsymmetry parameters �g �

Ae � ������ � ������

A� � ���
� � �����

A� � ���
� � ����


As � ���� � ����

Ac � ����� � �����

Ab � ����� � ����


Charge asymmetry ��� at Z poleCharge asymmetry ��� at Z poleCharge asymmetry ��� at Z poleCharge asymmetry ��� at Z pole

A
����
FB

� ���� � ����

A
��u�
FB

� 
 � �

A
��s�
FB

� ��	 � ���

A
��c�
FB

� ���
 � ����

A
��b�
FB

� ����� � ����

Scale factor
 p

Z DECAY MODESZ DECAY MODESZ DECAY MODESZ DECAY MODES Fraction �	i 
	� Con�dence level �MeV
c�

e� e� � ���� ������ � � �����

���� � ��� ������ � � �����

�� �� � ����� ������ � � �����

�� �� �b� � ������������� � �
invisible ������ ���� � � �
hadrons ����� ���� � � �
�uu�cc ��� ����� ���� � � �
�dd�ss�bb ��� ��� ��� � � �
cc ������ ����� � � �
bb ������ ����� � � �
bbbb � �� ���� �� ���� �
g g g � ��� � CL���� �

�� � � ��� � ���� CL���� �����

�� � ��� � ���� CL���� �����

	� � �� � ���� CL���� �����

�����	�� � ��� � ���� CL���� �����

� � � ��� � ���� CL���� �����

� � � � ��� � ���� CL���� �����

��W� �h� � � � ���� CL���� �����


�W� �h� � ��� � ���� CL���� �����

J����S�X � ���� �����
����� �� ���� S���� �

���S�X � ��� ����� �� ���� �
c���P�X � ��� ���� �� ���� �



��������

Gauge � Higgs Boson Summary Table

c���P�X � ��� � ���� CL���� �
���S� X ����S� X

����S� X
� ��� ���� �� ���� �

���S�X � ��� � ���� CL���� �
���S�X � ���� � ���� CL���� �
���S�X � ��� � ���� CL���� �

�D� �D�� X ����� ���� � � �
D�X ����� ���� � � �
D��������X �h� ����� ���� � � �
Ds�������

�X � �� ���� �� ���� �
DsJ ������

�X � ��� ���� �� ���� �
D���������X searched for �
B�
s X seen �

B�
c
X searched for �

anomalous �� hadrons �i � � ��� � ���� CL���� �
e� e� � �i � � ��� � ���� CL���� �����

���� � �i � � �� � ���� CL���� �����

�� �� � �i � � ��� � ���� CL���� �����

�� ��� � �j� � �� � ��� CL���� �
qq � � �j� � ��� � ��� CL���� �
� � � � �j� � ��� � ��� CL���� �����

e��� LF �h� � ��� � ��� CL���� �����

e� �� LF �h� � ��� � ��� CL���� ����

�� �� LF �h� � ��� � ���� CL���� ����

pe L�B � ��� � ��� CL���� �����

p� L�B � ��� � ��� CL���� �����

Higgs Bosons � H� and H�� Searches forHiggs Bosons � H� and H�� Searches forHiggs Bosons � H� and H�� Searches forHiggs Bosons � H� and H�� Searches for

H�H�H�H� Mass m � ��
�
 GeV� CL � ���

H�
� in Supersymmetric Models �m

H�
�

�m
H�
�

�H�
� in Supersymmetric Models �m

H�
�

�m
H�
�

�H�
� in Supersymmetric Models �m

H�
�

�m
H�
�

�H�
� in Supersymmetric Models �m

H�
�

�m
H�
�

�

Mass m � 	��	 GeV� CL � ���

A� Pseudoscalar Higgs Boson in Supersymmetric ModelsA� Pseudoscalar Higgs Boson in Supersymmetric ModelsA� Pseudoscalar Higgs Boson in Supersymmetric ModelsA� Pseudoscalar Higgs Boson in Supersymmetric Models �k�

Mass m � ���
 GeV� CL � ��� tan� ��

H�H�H�H� Mass m � ���� GeV� CL � ���

See the Particle Listings for a Note giving details of Higgs

Bosons�

Heavy Bosons Other ThanHeavy Bosons Other ThanHeavy Bosons Other ThanHeavy Bosons Other Than
Higgs Bosons� Searches forHiggs Bosons� Searches forHiggs Bosons� Searches forHiggs Bosons� Searches for

Additional W BosonsAdditional W BosonsAdditional W BosonsAdditional W Bosons

W � with standard couplings decaying to e �� ��

Mass m � �	� GeV� CL � ���

WR � right�handed W

Mass m � ��� GeV� CL � ��� �electroweak �t�

Additional Z BosonsAdditional Z BosonsAdditional Z BosonsAdditional Z Bosons

Z
�

SM with standard couplings

Mass m � ��� GeV� CL � ��� �pp direct search�

Mass m � ���� GeV� CL � ��� �electroweak �t�

ZLR of SU���L�SU���R�U���

�with gL � gR�

Mass m � ��� GeV� CL � ��� �pp direct search�

Mass m � 	�� GeV� CL � ��� �electroweak �t�

Z� of SO���� � SU����U���� �with g��e�cos�W �

Mass m � ��� GeV� CL � ��� �pp direct search�

Mass m � �	� GeV� CL � ��� �electroweak �t�

Z� of E � SO�����U���� �with g��e�cos�W �

Mass m � ��� GeV� CL � ��� �pp direct search�

Mass m � ��� GeV� CL � ��� �electroweak �t�

Z	 of E � SU����SU����U����U���	 �with g	�e�cos�W �

Mass m � ��� GeV� CL � ��� �pp direct search�

Mass m � ��� GeV� CL � ��� �electroweak �t�

Scalar LeptoquarksScalar LeptoquarksScalar LeptoquarksScalar Leptoquarks

Mass m � �
� GeV� CL � ��� ��st generation� pair prod��
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Mass m � �� GeV� CL � ��� ��nd gener�� single prod��

Mass m � �
	 GeV� CL � ��� ��rd gener�� pair prod��

�See the Particle Listings for assumptions on leptoquark quan�

tum numbers and branching fractions��

Axions �A�� and OtherAxions �A�� and OtherAxions �A�� and OtherAxions �A�� and Other
Very Light Bosons� Searches forVery Light Bosons� Searches forVery Light Bosons� Searches forVery Light Bosons� Searches for

The standard Peccei�Quinn axion is ruled out� Variants with reduced
couplings or much smaller masses are constrained by various data� The
Particle Listings in the full Review contain a Note discussing axion
searches�

The best limit for the half�life of neutrinoless double beta decay with
Majoron emission is � ���� ���� years �CL � �����

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� de�ned as S �
p
���N � ��� where N

is the number of measurements used in calculating the quantity� We do this
when S � �� which often indicates that the measurements are inconsistent�
When S � ����� 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 ��body decay� p is
the momentum of each decay product in the rest frame of the decaying particle�
For a ��or�more�body decay� p is the largest momentum any of the products
can have in this frame�

�a� Theoretical value� A mass as large as a few MeV may not be precluded�

�b� � indicates each type of lepton �e� �� and ��� 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� ��� MeV�

�d � The Z �boson mass listed here corresponds to a Breit�Wigner resonance
parameter� It lies approximately �
 MeV above the real part of the posi�
tion of the pole �in the energy�squared plane� in the Z �boson propagator�

�e� This partial width takes into account Z decays into � � and any other
possible undetected modes�

�f � This ratio has not been corrected for the � mass�

�g � Here A � �gV gA��g
�
V�g

�
A��

�h� The value is for the sum of the charge states or particle�antiparticle
states indicated�

�i � See the Z Particle Listings for the � energy range used in this measure�
ment�

�j � For m
 
 � ��� � �� GeV�

�k � The limits assume no invisible decays�
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Lepton Family number �LF 	� Lepton number �L	�Lepton Family number �LF 	� Lepton number �L	�Lepton Family number �LF 	� Lepton number �L	�Lepton Family number �LF 	� Lepton number �L	�
or Baryon number �B	 violating modesor Baryon number �B	 violating modesor Baryon number �B	 violating modesor Baryon number �B	 violating modes

L means lepton number violation 
e�g� �� � e�����	 Following
common usage� LF means lepton family violation and not lepton number
violation 
e�g� �� � e�����	 B means baryon number violation	

e�� LF � ��� � ���� CL���� ���

��� LF � ��� � ���� CL���� ���

e�� LF � ��� � ���� CL���� ���

��� LF � ��� � ���� CL���� ���

e�K�
S LF � ��� � ���� CL���� ���

��K�
S LF � ��� � ���� CL���� ���

e�� LF � ��� � ���� CL���� ���

��� LF � ��� � ���� CL���� ���

e��� LF � ��� � ���� CL���� ���

���� LF � ��� � ���� CL���� ���

e�K�����	� LF � ��� � ���� CL���� ���

��K�����	� LF � ��� � ���� CL���� ���

e�K�����	� LF � ��� � ���� CL���� ���

��K�����	� LF � ��� � ���� CL���� ���

e�� LF � ��� � ���� CL���� ���

��� LF � ��� � ���� CL���� ���

e� e� e� LF � ��� � ���� CL���� ���

e����� LF � ��� � ���� CL���� ���

e����� LF � ��� � ���� CL���� ���

�� e� e� LF � ��� � ���� CL���� ���

�� e� e� LF � ��� � ���� CL���� ���

������ LF � ��� � ���� CL���� ���

e��� LF � ��� � ���� CL���� ���

e��� L � ��� � ���� CL���� ���

���� LF � ��� � ���� CL���� ���

���� L � ��� � ���� CL���� ���

e��K� LF � ��� � ���� CL���� ���

e��K� LF � ��� � ���� CL���� ���

e��K� L � ��� � ���� CL���� ���

e�K�
S K

�
S LF � ��� � ���� CL���� ���

e�K�K� LF � ��� � ���� CL���� ���

e�K�K� L � ��� � ���� CL���� ���

���K� LF � ��� � ���� CL���� ���

���K� LF � ��� � ���� CL���� ���

���K� L � ��� � ���� CL���� ���

��K�
S K

�
S LF � ��� � ���� CL���� ���

��K�K� LF � ��� � ���� CL���� ���

��K�K� L � ��� � ���� CL���� ���

e��� LF � ��� � ���� CL���� ���

���� LF � ��� � ���� CL���� ���

e��� LF � ��� � ���� CL���� ���

���� LF � ��� � ���� CL���� ���

e�� � LF � ��� � ���� CL���� ���

��� � LF � ��� � ���� CL���� ���

p� L�B � ��� � ���� CL���� ���

p� L�B � ��� � ���� CL���� ���

p�� L�B � ��� � ���� CL���� ���

p� L�B � ��� � ���� CL���� ���

p� � L�B � ��� � ���� CL���� ���

e� light boson LF � ��� � ���� CL���� �
�� light boson LF � � � ���� CL���� �

Heavy Charged Lepton SearchesHeavy Charged Lepton SearchesHeavy Charged Lepton SearchesHeavy Charged Lepton Searches

L� � charged leptonL� � charged leptonL� � charged leptonL� � charged lepton

Mass m � 
���� GeV� CL � �� �h� Decay to �W �

L� � stable charged heavy leptonL� � stable charged heavy leptonL� � stable charged heavy leptonL� � stable charged heavy lepton

Mass m � 
���� GeV� CL � ��

�e�e�e�e J � �
�

The following results are obtained using neutrinos associated with e�

or e�� See the Note on �Electron� muon� and tau neutrino listings� in
the Particle Listings�

Mass m � � eV Interpretation of tritium beta decay experi�

ments is complicated by anomalies near the endpoint� and the

limits are not without ambiguity�

Mean life�mass� ��m� � �� 
�� s�eV �i � �solar	

Mean life�mass� ��m� � ��� s�eV� CL � �� �i � �reactor	

Magnetic moment � � 
��� 
���� �B � CL � ��

�������� J � �
�

The following results are obtained using neutrinos associated with ��

or ��� See the Note on �Electron� muon� and tau neutrino listings� in
the Particle Listings�

Mass m � ��
� MeV� CL � ��

Mean life�mass� ��m� � 
��� s�eV� CL � ��

Magnetic moment � � ���� 
���� �B � CL � ��

�������� J � �
�

The following results are obtained using neutrinos associated with ��

or ��� See the Note on �Electron� muon� and tau neutrino listings� in
the Particle Listings�

Mass m � 
��� MeV� CL � ��

Magnetic moment � � ���� 
��� �B � CL � ��

Electric dipole moment d � ���� 
���� e cm� CL � ��

Number of Neutrino TypesNumber of Neutrino TypesNumber of Neutrino TypesNumber of Neutrino Types

and Sum of Neutrino Massesand Sum of Neutrino Massesand Sum of Neutrino Massesand Sum of Neutrino Masses

Number N � ����� � ���
� �Standard Model �ts to LEP data	

Number N � ���� � ���� �Direct measurement of invisible Z

width	
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Neutrino MixingNeutrino MixingNeutrino MixingNeutrino Mixing

There is now compelling evidence that neutrinos have nonzero mass
from the observation of neutrino �avor change� both from the study of
atmospheric neutrino �uxes by SuperKamiokande� and from the study
of solar neutrino cross sections by SNO �charged and neutral currents	
and SuperKamiokande �elastic scattering	� The �avor change observed
in solar neutrinos has been con�rmed by the KamLAND experiment
using reactor antineutrinos�

Solar NeutrinosSolar NeutrinosSolar NeutrinosSolar Neutrinos

Detectors using gallium �E�� ���MeV	� chlorine �E�� ���MeV	�
and Cherenkov e�ect in water �E�� �MeV	 measure signi�cantly
lower neutrino rates than are predicted from solar models� From the
determination by SNO of the �B solar neutrino �ux via elastic scat�
tering� charged�current process interactions� and neutral�current in�
teractions� one can determine the �ux of non��e active neutrinos to
be ����� 	� ����
�����

�����	� 
�� cm�� s��� providing a ��� � evidence
for neutrino �avor change� A global analysis of the solar neutrino
data� including the KamLAND results that con�rm the e�ect using
reactor antineutrinos� favors large mixing angles and ��m�	 �

����	 � 
��� eV�� See the Note �Solar Neutrinos� in the Listings
and the review �Neutrino Mass� Mixing� and Flavor Change��

Atmospheric NeutrinosAtmospheric NeutrinosAtmospheric NeutrinosAtmospheric Neutrinos

Underground detectors observing neutrinos produced by cosmic rays
in the atmosphere have measured a ����e ratio much less than ex�
pected� and also a de�ciency of upward going �� compared to down�
ward� This can be explained by oscillations leading to the disappear�
ance of �� with �m� � �
��	 � 
��� eV� and almost full mixing
between �� and �� � The e�ect has been con�rmed by the K�K ex�
periment using accelerator neutrinos� See the review �Neutrino Mass�
Mixing� and Flavor Change��

Heavy Neutral Leptons� Searches forHeavy Neutral Leptons� Searches forHeavy Neutral Leptons� Searches forHeavy Neutral Leptons� Searches for

For excited leptons� see Compositeness Limits below�

Stable Neutral Heavy Lepton Mass LimitsStable Neutral Heavy Lepton Mass LimitsStable Neutral Heavy Lepton Mass LimitsStable Neutral Heavy Lepton Mass Limits

Mass m � ���� GeV� CL � �� �Dirac	

Mass m � ���� GeV� CL � �� �Majorana	

Neutral Heavy Lepton Mass LimitsNeutral Heavy Lepton Mass LimitsNeutral Heavy Lepton Mass LimitsNeutral Heavy Lepton Mass Limits

Mass m � ���� GeV� CL � ��

�Dirac �L coupling to e� �� � � conservative case��		

Mass m � ���� GeV� CL � ��

�Majorana �L coupling to e� �� � � conservative case��		

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� de�ned as S �
p
����N � 
	� where N

is the number of measurements used in calculating the quantity� We do this
when S � 
� which often indicates that the measurements are inconsistent�
When S � 
���� 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 ��body decay� p is
the momentum of each decay product in the rest frame of the decaying particle�
For a ��or�more�body decay� p is the largest momentum any of the products
can have in this frame�

�a� This is the best limit for the mode e�� � �� The best limit for �electron
disappearance� is ���� 
��� yr�

�b� See the �Note on Muon Decay Parameters� in the � Particle Listings for
de�nitions and details�

�c � P� is the longitudinal polarization of the muon from pion decay� In
standard V�A theory� P� � 
 and � � � � ����

�d � This only includes events with the � energy� 
� MeV� Since the e��e ��
and e��e �� � 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 � �

�h� L� mass limit depends on decay assumptions� see the Full Listings�

�i � Limit assumes radiative decay of neutrino�
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QUARKSQUARKSQUARKSQUARKS
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 � � � GeV� The c� and b�quark masses are the
�running� masses in the MS scheme� For the b�quark we also
quote the �S mass� These can be di�erent from the heavy quark
masses obtained in potential models�
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Mass m 
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 ����
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Charge 
 ��
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 ��

Mass m 
 �� to � GeV �MS mass	

Mass m 
 �� to �� GeV ��S mass	

tttt I �JP 	 
 ����
�	

Charge 
 �
� e Top 
 ��

Mass m 
 ���� � ��� GeV �direct observation of top events	

Mass m 
 ����������
� ��� GeV �Standard Model electroweak �t	

p

t DECAY MODESt DECAY MODESt DECAY MODESt DECAY MODES Fraction 	
i �
� Condence level 	MeV�c�

W q �q 
 b� s � d	 �
W b �

��� anything �b�c� 	 �������� � �
� �� b �

� q �q
u�c	 �d� � ��� � ���� ��� �

�T 
 � weak neutral current �T�	 modes�T 
 � weak neutral current �T�	 modes�T 
 � weak neutral current �T�	 modes�T 
 � weak neutral current �T�	 modes

Z q �q
u�c	 T� �e� � ���� � ��� �

b
� ��th Generation� Quark� Searches forb
� ��th Generation� Quark� Searches forb
� ��th Generation� Quark� Searches forb
� ��th Generation� Quark� Searches for

Mass m � ��� GeV� CL 
 ��� �pp� quasi�stable b�	

Mass m � ��� GeV� CL 
 ��� �pp� neutral�current decays	

Mass m � ��� GeV� CL 
 ��� �pp� charged�current decays	

Mass m � ��� GeV� CL 
 ��� �e� e�� all decays	

Free Quark SearchesFree Quark SearchesFree Quark SearchesFree Quark Searches

All searches since ���� have had negative results�

NOTES

�a� The ratios mu�md and ms�md are extracted from pion and kaon masses
using chiral symmetry� The estimates of u 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��	 splittings in hadron masses�

�b� � means e or � decay mode� not the sum over them�

�c � Assumes lepton universality and W �decay acceptance�

�d � This limit is for ��t � � q	���t � W b	�

�e� This limit is for ��t � Z q	���t � W b	�
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p
�� du�

for I � 	 ��� ��� h� h�� �� �� f � f ��� c��uu 
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�� modes are charge conjugates of the modes below�

For decay limits to particles which are not established	 see the appropriate
Search setions 
Massive Neutrino Peak Search Test	 A� 
axion�	 and Other

Light Boson 
X�� Searches	 etc���
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����� DECAY MODESa�
����� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

�� 
���� ���� � � S���� ���

�� 
���� ���� � � ���

��� 
���� ���� � � S���� ���

K K 
 ��� ���� � � ���

������� 
 ��� ���� � � ���� ���

�� 	 
 ���������� � ���� ���

	 	 
 ��� ���� � � ���� ���

������ � � � CL���� ���

e� e� � � � ���� CL���� ���

f��
����f��
����f��
����f��
����
�l� IG �JPC � � 	
�	 
 
�

Mass m � ��		 to �		 MeV

Full width � � �		 to 		 MeV

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� seen �
�� seen �

��� seen �
������ seen �
������� seen �
�� dominant �
�����S�wave seen �
����		�� seen �
a�����	�� seen �

�� seen �
K K seen �
	 	 seen �
e� e� not seen �



�
�
�
�
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���
�������
�������
�������
����
�o� IG �JPC � � �����
�

Mass m � ���� � �� MeV

Full width � � �		 � �	 MeV

��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES Fraction 
�i �� p 
MeVc�

��� seen ���

��� seen ���

��
��	���
��	���
��	���
��	� �p�

was �������was �������was �������was �������
IG �JPC � � 	
�	�
�

Mass m � ���	�� � ��� MeV �n� �S � ����

Full width � � � � � MeV �n� �S � ����

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K � seen ���

��� seen ���

a����	�� seen ���

� ����S�wave seen �
f����	�� seen y

�� seen ���

K������K seen ���

f��
����f��
����f��
����f��
���� �q� IG �JPC � � 	
�� 
 
�

Mass m � ������ � 	�� MeV �S � ����

Full width � � ��� � ��� MeV

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K � dominant ���

K K������
 c�c� dominant ���

��� possibly seen ���

�	 seen ���

��
������
������
������
���� �r � IG �JPC � � 	������

Mass m ���		���	� MeV

Full width � ���	��	� MeV

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� dominant ���

��� seen �
b������� seen �
e� e� seen �

a��
�	��a��
�	��a��
�	��a��
�	��
�l� IG �JPC � � ���	 
 
�

Mass m � ���� � �� MeV

Full width � � �� � �� MeV

a�
����� DECAY MODESa�
����� DECAY MODESa�
����� DECAY MODESa�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� seen ���

������� seen ���

K K seen ���

��� seen ���

��
�	����
�	����
�	����
�	�� �s� IG �JPC � � �
�����

Mass m � ��� � � MeV �n�

Full width � � �		 � �	 MeV �n�

p

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

�� seen ���

�� seen ���

�� ���� � ��� ���

e� e� seen ���

�� �� � ���

a�����	�� not seen ��

�� �� � ���

K K ����� ���� ��� ���

�	 possibly seen ���

��
��	���
��	���
��	���
��	� �p�

was �������was �������was �������was �������
IG �JPC � � 	
�	�
�

Mass m � ���� � � MeV �S � ����

Full width � � �� � � MeV �S � ����

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K � dominant ���

K K������
 c�c� seen ���

a����	�� seen ���

	 	 seen ���

f��
	���f��
	���f��
	���f��
	���
�o� IG �JPC � � 	
�	 
 
�

Mass m � �	� �  MeV �S � ����

Full width � � �	� � � MeV

p

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� Scale factor 
MeVc�

������� 
 �������� � ��� ��

�� 
 �������� � ��� ���

�� 
��������� � ��� ���

��� seen ���

������ seen ���

�� 
��������� � ��� ���

���� seen ���

��� seen ���

K K 
 �������� � ��� ���

	 	 not seen ���

f
�

��
	�	�f
�

��
	�	�f
�

��
	�	�f
�

��
	�	� IG �JPC � � 	
�� 
 
�

Mass m � �� �  MeV �n�

Full width � � ����
�� MeV �n�

f �
�

����� DECAY MODESf �

�

����� DECAY MODESf �
�

����� DECAY MODESf �

�

����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K 
���� ���� � � ���

�� 
���� ���� � � ���

�� 
 ��� ���� �� ���� ���

	 	 
 ����������� ���� ���

���
�������
�������
�������
����
�o� IG �JPC � � �����
�

Mass m � ������
��� MeV

Full width � � ������
��� MeV �S � ����

��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES Fraction 
�i �� p 
MeVc�

��� seen ���

���� seen ���

f�����	��
� not seen ���

�������� seen ���

���
��	����
��	����
��	����
��	� IG �JPC � � 	
���
�

Mass m � ���� �  MeV

Full width � � ��� � �� MeV

��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES Fraction 
�i �� p 
MeVc�

a�����	�� seen ���

K K � seen ���

K�K seen ���

����� seen ���

a����	�� seen ���

f�����	�� not seen y
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��
�	����
�	����
�	����
�	�� �t�

was �������was �������was �������was �������
IG �JPC � � 	������

Mass m � ���	 � �	 MeV

Full width � � �� � � MeV

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� seen ���

��� seen ���

�� seen ���

e� e� seen ���

���
�������
�������
�������
���� IG �JPC � � 	������

Mass m � ���� � � MeV

Full width � � ��� � �	 MeV �n�

��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� seen ���

��� seen ���

b������� possibly seen ���

���
�������
�������
�������
���� IG �JPC � � �����
�

Mass m � ������ � ��� MeV �n� �S � ����

Full width � � �� � � MeV �n� �S � ����

p

��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

�� 
��������� � ���

f�����	�� 
��������� � ���

�� 
�� �� � � ���

� 
��������� � �
����S�wave 
 �������� � �

K K������
 c�c� 
 �������� � ���

�� 
 �������� � ���

����	�� � ��� � ���� ����� ���

b������� � ��� � ���� ����� ���

��
������
������
������
���� IG �JPC � � 	������

Mass m � ���	 � �	 MeV �n�

Full width � � �	 � 	 MeV �n�

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K������
 c�c� dominant ���

K�
S K � seen ���

K K seen ���

e� e� seen ���

��� not seen ���

���
�������
�������
�������
���� IG �JPC � � �
�����

�

Mass m � ������ � ��� MeV �n�

Full width � � ��� � �	 MeV �n� �S � ���

p

��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES Fraction 
�i �� Scale factor 
MeVc�

�� 
���� � ��� � � ���

�������� 
�� ��� � � ���

�� 
�� � � � � ���

�� 
���� � ��� � � ���

K K � 
 ��� � ��� � � ���

K K 
 ����� ����� � ��� ���

����� seen ���

����	�� seen ���

��� seen ���
Excluding �� and a�����	���

a�����	�� seen ���

�� seen ���

��
������
������
������
���� �s� IG �JPC � � �
�����

Mass m � ���	 � �	 MeV �n� ���� and ���� modes�

Full width � � �	 � �		 MeV �n� ���� and ���� modes�

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

������� large ���

��� dominant ���

������ large ���

������ large ���

a�����	�� seen ���

h�����	�� seen ���

����		�� seen ���

�� seen ���

���� seen ���

�� seen ���

K K������
 c�c� seen ���

�� seen ���

a�����	�� not seen ���

K K seen ���

e� e� seen ���

��� seen ���

f��
�
��f��
�
��f��
�
��f��
�
��
�u� IG �JPC � � 	
�	 
 
�

Mass m � ���� �  MeV

Full width � � ��	 � �	 MeV �S � ����

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K seen ���

�� seen ���

�� seen ���

��
������
������
������
���� IG �JPC � � ���	�
�

Mass m � ���� � �� MeV �S � ����

Full width � � �	� � �� MeV

�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

������ seen ���

f���		��
� seen �

f����	��
� seen ���

f�����	��
� seen �

f���		��
� not seen ���

��� not seen ���

���� seen ���

a����	�� seen ���

f���		��
� seen ���

��������� seen ���

K������	�K
� seen y

K������K� not seen ���

���
�	�����
�	�����
�	�����
�	�� IG �JPC � � 	������

Mass m � ��� � � MeV

Full width � � �����
��� MeV �S � ����

��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES��
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K seen ���

K K������
 c�c� seen ���
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f��
�	��f��
�	��f��
�	��f��
�	�� IG �JPC � � 	
�� 
 
�

Mass m � ��� � �� MeV �S � ����

Full width � � �� � �� MeV

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K������K������ seen ���

���� seen ���

�� seen ���

�� seen ���

K K seen ���

	 	 seen ���

f����
��f����
��f����
��f����
�� IG �JPC � � 	
�� 
 
�

Mass m � �	�����
��� MeV

Full width � � �	� � �	 MeV

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� seen y

a�������a�������a�������a������� IG �JPC � � ���� 
 
�

Mass m � �	�	 � �� MeV

Full width � � �� � �	 MeV

a�
����� DECAY MODESa�
����� DECAY MODESa�
����� DECAY MODESa�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K K seen ���

������ seen ���

�� seen ���

f�����	�� seen ���

��� seen ���

������� seen ���

f����	��f����	��f����	��f����	�� IG �JPC � � 	
�� 
 
�

Mass m � �	�� � �� MeV �S � ����

Full width � � ��� � �� MeV �S � ����

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� not seen ���

�� 
��������� � ����

K K 
 �������
������ ���� ���

�� 
 ��������� ���� ���

��� � ��� � ���

a�����	�� seen ���

f�������f�������f�������f������� IG �JPC � � 	
�� 
 
�

Mass m � ���� � �� MeV

Full width � � ��� � �	 MeV

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� seen ���

K K seen ����

	 	 seen ����

f�������f�������f�������f������� IG �JPC � � 	
�� 
 
�

Mass m � ���� � �	 MeV

Full width � � ������
��� MeV

f�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODESf�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

�� seen ���

STRANGEMESONSSTRANGEMESONSSTRANGEMESONSSTRANGEMESONS
�S� ���C�B����S� ���C�B����S� ���C�B����S� ���C�B���

K� � us � K� � ds � K� � d s� K� � u s� similarly for K��s

K
�K
�

K
�K
� I �JP � � �

� �	
��

Mass m � ������� � 	�	�� MeV �v � �S � ����

Mean life � � ������� � 	�		���� �	�� s �S � ��	�

c� � ����� m

Slope parameter gSlope parameter gSlope parameter gSlope parameter g �w �

�See Particle Listings for quadratic coe�cients�

K� � ������ � �	���� � 	�		� �S � ����

K� � ������ � �	���� � 	�		� �S � ���

K� � ������ � 	���� � 	�	�	 �S � ���

K� decay form factorsK� decay form factorsK� decay form factorsK� decay form factors �a�x �

Assuming 
�e universality

���K
�
��� � ���K

�
e�� � ����� � 	�	��� �	�� �S � ���

���K
�
��� � ����� � 	����� �	�� �S � ���

Not assuming 
�e universality

���K
�
e�� � ����� � 	�	�� �	��

���K
�
��� � ����� � 	����� �	�� �S � ����

���K
�
��� � ����� � 	����� �	�� �S � ����

K�
e�

�
�fS�f�

�
� � ��	������

������ �	��

K�
e�

��fT �f�
�� � ����� � ����� �	��

K�
��

�
�fS�f�

�
� � �	�� � 	���� �	��

K�
��

�
�fT �f�

�
� � ��	�� � 	���� �	��

K� � e��e 	
�
�FA 
 FV

�
� � 	���� � 	�	�	

K� � 
��� 	
�
�FA 
 FV

�
� � 	��� � 	�	��

K� � e��e 	
�
�FA � FV

�
� � 	���

K� � 
��� 	
�
�FA � FV

�
� � �	��� to 	�	�� CL � �	�

Charge RadiusCharge RadiusCharge RadiusCharge Radius
�
r
�
� 	��	 � 	�	�� fm

CP violation parametersCP violation parametersCP violation parametersCP violation parameters

��K����� � �	�	� � 	���

T violation parametersT violation parametersT violation parametersT violation parameters

K� � ��
��� PT � ��� � �� �	��

K� � 
��� 	 PT � ��	�� � ����� �	��

K� � ��
��� Im��� � �	�	�� � 	�	��

K� modes are charge conjugates of the modes below�

Scale factor p

K� DECAY MODESK� DECAY MODESK� DECAY MODESK� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

Leptonic and semileptonic modesLeptonic and semileptonic modesLeptonic and semileptonic modesLeptonic and semileptonic modes
e��e 
 ���� ����� �� ���� ���


��� 
����� ����� � � S���� ���

�� e� �e 
 ���� ����� � � S���� ���

Called K�
e��

��
��� 
 ���� ����� � � S���� ���

Called K�
���

���� e� �e 
 ��� ���� �� ���� ���

���� e� �e 
 ���� ����� �� ���� ���

����
� �� 
 ��� ���� �� ���� ���

������ e� �e � ��� � ���� CL���� ���

Hadronic modesHadronic modesHadronic modesHadronic modes
���� 
����� ����� � � S���� ���

������ 
 ���� ����� � � S���� ���

������ 
 ������������ � S���� ���

Leptonic and semileptonic modes with photonsLeptonic and semileptonic modes with photonsLeptonic and semileptonic modes with photonsLeptonic and semileptonic modes with photons


��� 	 �y�z � 
 ���� ����� �� ���� ���

�� e� �e 	 �y�z � 
 ���� ����� �� ���� ���

�� e� �e 	 �SD� �aa� � ��� � ���� CL���� ���

��
��� 	 �y�z � � ��� � ���� CL���� ���

���� e� �e 	 � � � ���� CL���� ���
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Hadronic modes with photonsHadronic modes with photonsHadronic modes with photonsHadronic modes with photons

���� 	 �y�z � 
 ���� ����� �� ���� ���

���� 	 �DE� �z�bb� 
 ��� ���� �� ���� ���

������ 	 �y�z � 
 ��� ����
���� �� ���� ���

������ 	 �y�z � 
 ���� ����� �� ���� ���

�� 	 	 �z � 
 ���� ����� �� ���� ���

�� �	 �z � � ��� � ���� CL���� ���

Leptonic modes with �� pairsLeptonic modes with �� pairsLeptonic modes with �� pairsLeptonic modes with �� pairs

e��e � � � � � ���� CL���� ���


��� � � � ��� � ���� CL���� ���

e��e e
� e� 
 ���� ����� �� ���� ���
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�
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���

�
� � ��� � ���� CL���� ���

Lepton Family number �LF �� Lepton number �L�� �S � �Q �SQ�Lepton Family number �LF �� Lepton number �L�� �S � �Q �SQ�Lepton Family number �LF �� Lepton number �L�� �S � �Q �SQ�Lepton Family number �LF �� Lepton number �L�� �S � �Q �SQ�
violating modes� or �S � � weak neutral current �S�� modesviolating modes� or �S � � weak neutral current �S�� modesviolating modes� or �S � � weak neutral current �S�� modesviolating modes� or �S � � weak neutral current �S�� modes

���� e� �e SQ � ��� � ���� CL���� ���
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� �� SQ � ��� � ���� CL���� ���

�� e� e� S� 
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� S� 
 ��� ���� �� ���� S���� ���

�� � � S� 
 ��� ����
���� �� ����� ���

���� � � S� � ��� � ���� CL���� ���


�� e� e� LF � ��� � ���� CL���� ���


��e LF �d� � � � ���� CL���� ���

��
� e� LF � ��� � �����CL���� ���

��
� e� LF � ��� � �����CL���� ���

��
� e� L � ��� � �����CL���� ���

�� e� e� L � ��� � �����CL���� ���
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�
� L �d� � ��� � ���� CL���� ���


��e L �d� � ��� � ���� CL���� ���

�� e� �e L � � � ���� CL���� ���

�� 	 �cc� � ��� � ���� CL���� ���

K
�K �

K
�K � I �JP � � �

� �	
��

	� KS � 	� KL

Mass m � ������� � 	�	�� MeV

m
K� � m

K� � ����� � 	�	�� MeV �S � ����

Mean Square Charge RadiusMean Square Charge RadiusMean Square Charge RadiusMean Square Charge Radius
�
r�
�
� �	�	�� � 	�	�� fm� �S � ����

T�violation parameters in K��K� mixingT�violation parameters in K��K� mixingT�violation parameters in K��K� mixingT�violation parameters in K��K� mixing �x �

Asymmetry AT in K��K� mixing � ���� � ����� �	��

CPT�violation parametersCPT�violation parametersCPT�violation parametersCPT�violation parameters �x �

Re � � ���� � ����� �	��

Im � � �	�	� � 	�	�� �	����m
K� � mK�

�� � maverage � �	���� CL � �	� �dd�

��
K� � �K���maverage � �� � ��� �	���

K
�
S

K
�
S

K
�
S

K
�
S

I �JP � � �
� �	
��

Mean life � � �	����� 	�			����	��� s �S � ���� Assum�

ing CPT

Mean life � � �	���� � 	�			�� � �	��� s �S � ���� Not

assuming CPT

c� � ������ cm Assuming CPT

CP�violation parametersCP�violation parametersCP�violation parametersCP�violation parameters �ee�

Im������ � �	�		� � 	�		�

Im������ � �	�	 � 	���

CP asymmetry A in ���� e� e� � ��� � ���

Scale factor p

K�
S
DECAY MODESK�

S
DECAY MODESK�

S
DECAY MODESK�

S
DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

Hadronic modesHadronic modesHadronic modesHadronic modes
���� 
����������� � S���� ���

���� 
����������� � S���� ���

������ 
 ��� ����
���� �� ���� ���

Modes with photons or �� pairsModes with photons or �� pairsModes with photons or �� pairsModes with photons or �� pairs

����	 �y�� � 
 ���������� � ���� ���

���� e� e� 
 ���������� � ���� ���

�� 	 	 �� � 
 ��� ���� � � ���� ���

	 	 
 ���������� � ���� ���

Semileptonic modesSemileptonic modesSemileptonic modesSemileptonic modes

�� e��e �gg � 
 ��� ���� � � ���� ���

CP violating �CP� and �S � � weak neutral current �S�� modesCP violating �CP� and �S � � weak neutral current �S�� modesCP violating �CP� and �S � � weak neutral current �S�� modesCP violating �CP� and �S � � weak neutral current �S�� modes

��� CP � ��� � ���� CL���� ���


�
� S� � ��� � ���� CL���� ���

e� e� S� � ��� � ���� CL���� ���

�� e� e� S� �� � 
 ��� ����
���� �� ���� ���

K
�
L

K
�
LK
�
L

K
�
L

I �JP � � �
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mKL
� mKS

� �	���� � 	�		�	�� �	�� �h s�� �S � ���� Assuming CPT

� ������ � 	�		��� �	��� MeV Assuming CPT

� �	���	 � 	�		��� � �	�� �h s�� �S � ���� Not assuming

CPT

Mean life � � ���� � 	�	��� �	�� s �S � ����

c� � ��� m

Slope parameter gSlope parameter gSlope parameter gSlope parameter g �w �

�See Particle Listings for quadratic coe�cients�

K�
L � ������ � 	���� � 	�		� �S � ���

KL decay form factorsKL decay form factorsKL decay form factorsKL decay form factors �x �

Assuming 
�e universality

���K
�
��� � ���K

�
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���K
�
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�e universality

���K
�
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�
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���K
�
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e�

�
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�
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�
�fT �f�

�
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�
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�
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K� � �	��� � 	�	
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�
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K� � �	��� � 	�	��

KL � e� e� e� e�� �e�
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KL � ���� e� e�� a��a� � �	���� � 	�	�� GeV�

KL � �� �	� aV � �	�� � 	��� �S � ����

CP�violation parametersCP�violation parametersCP�violation parametersCP�violation parameters �ee�

�L � �	���� � 	�	���������
�� � ������ � 	�	���� �	��
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�� � ������ � 	�	���� �	��

�
��
�
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�
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�
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Re������ � ����� � 	����� �	�� �hh� �S � ����

Assuming CPT

��� � ����� � 	�	��� �S � ����

��� � ����	 � 	�	��� �S � ����

�	��SW � ����� � 	�	�� �S � ����
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Not assuming CPT

��� � ����� � 	���� �S � ����

��� � ����� � 	���� �S � ����

�	 � ���� � 	���� �S � ����

CP asymmetry A in K�
L � ���� e� e� � ����� � �����

�CP from K�
L � e� e� e� e� � �	��� � 	�	�

	CP from K�
L � e� e� e� e� � �	�	� � 	�	�

j for K�
L � ������ � 	�		�� � 	�			�

f for K�
L � ������ � 	�		� � 	�		�

�
����


�
� � ���� � 	�	��� �	��

���
 � ��� � ���
�
��
�

��


�
��� � 	��� CL � �	�

T�violation parametersT�violation parametersT�violation parametersT�violation parameters

Im��� in K�
�� � �	�		� � 	�	��

CPT invariance testsCPT invariance testsCPT invariance testsCPT invariance tests

��� � ��� � �	�� � 	����

Re������ 
 �
������

�L
� � ��� � ��� �	��

�S � ��Q in K�
�� decay�S � ��Q in K�
�� decay�S � ��Q in K�
�� decay�S � ��Q in K�
�� decay

Re x � �	�		� � 	�		�

Im x � 	�		�� � 	�		��

Scale factor p

K�
L
DECAY MODESK�

L
DECAY MODESK�

L
DECAY MODESK�

L
DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

Semileptonic modesSemileptonic modesSemileptonic modesSemileptonic modes
�� e��e �gg � 
����� ����� � � S���� ���
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e��
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��� �gg � 
����� ����� � � S���� ���
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���

��
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 ���� ����� �� ���� ���

���� e�� �gg � 
 ���� ����� �� ���� ���

Hadronic modes� including Charge conjugation�Parity Violating �CPV� modesHadronic modes� including Charge conjugation�Parity Violating �CPV� modesHadronic modes� including Charge conjugation�Parity Violating �CPV� modesHadronic modes� including Charge conjugation�Parity Violating �CPV� modes

��� 
����� ����� � � S���� ���

������ 
����� ����� � � S���� ���

���� CPV 
 ������������� ���� S���� ���

���� CPV 
 ���� ����� �� ���� S���� ���

Semileptonic modes with photonsSemileptonic modes with photonsSemileptonic modes with photonsSemileptonic modes with photons

�� e��e 	 �y�gg�ii � 
 ���� ����� �� ���� ���

��
��� 	 
 ��� ����
���� �� ���� ���

Hadronic modes with photons or �� pairsHadronic modes with photons or �� pairsHadronic modes with photons or �� pairsHadronic modes with photons or �� pairs

���� 	 � ��� � ���� ���

����	 �y�ii � 
 ���� ����� �� ���� S���� ���

�� �	 �ii � 
 ���� ����� �� ���� S���� ���

�� 	 e� e� 
 ��� ���� �� ���� ���

Other modes with photons or �� pairsOther modes with photons or �� pairsOther modes with photons or �� pairsOther modes with photons or �� pairs

�	 
 ���� ����� �� ���� S���� ���

�	 � ��� � ���� CL���� ���

e� e� 	 
���� ���� �� ���� S���� ���


�
� 	 
 ���� ����� �� ���� S���� ���

e� e� 	 	 �ii � 
 ���� ����� �� ���� ���


�
� 	 	 �ii � 
 ��� ����
���� �� ���� ���

Charge conjugation � Parity �CP� or Lepton Family number �LF �Charge conjugation � Parity �CP� or Lepton Family number �LF �Charge conjugation � Parity �CP� or Lepton Family number �LF �Charge conjugation � Parity �CP� or Lepton Family number �LF �

violating modes� or �S � � weak neutral current �S�� modesviolating modes� or �S � � weak neutral current �S�� modesviolating modes� or �S � � weak neutral current �S�� modesviolating modes� or �S � � weak neutral current �S�� modes
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�� � � CP	S� �kk� � ��� � ���� CL���� ���

e�
� LF �gg � � ��� � �����CL���� ���

e� e�
�
� LF �gg � � ���� � �����CL���� ���

��
� e� LF �gg � � ��� � ���� CL���� ���

K
������K
������K
������K
������ I �JP � � �

� ��
��

K������� mass m � ������ � 	��� MeV

K������� mass m � �����	 � 	��� MeV �S � ����

K������� full width � � 	�� � 	�� MeV

K������� full width � � 	�� � 	�� MeV �S � ����

p

K�
���� DECAY MODESK�
���� DECAY MODESK�
���� DECAY MODESK�
���� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

K � � ��� � ���

K�	 
 ����������� ���� ���

K�	 
 ��� ���� �� ���� ���

K �� � � � ���� ��� ���

K��
����K��
����K��
����K��
���� I �JP � � �
� ��


�

Mass m � ���� � � MeV �n�

Full width � � �	 � �	 MeV �n�

K�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K � 
�� �� � � ��

K������	�� 
�� �� � � y

K������� 
�� �� � � ���

K � 
��������� � y

K f�����	� 
 �������� � �
	K� seen ���

K��
����K��
����K��
����K��
���� I �JP � � �
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�

Mass m � ��	� � � MeV

Full width � � ��� � �� MeV �S � ����

K�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K������� 
�� �� � � ���

K � 
 �������� � ���

K f�����	� 
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K � 
 �������� � ���

K������	�� not seen y

	K� seen ���

K
��
�
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�
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�
��K
��
�
�� I �JP � � �
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��

Mass m � ���� � � MeV �S � ����

Full width � � ��� � �� MeV �S � ����

p

K�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODES Fraction 
�i �� Con�dence level 
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K
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����K
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����� DECAY MODESK�
�
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K
�
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����K
�
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����K
�
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����K
�
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���� I �JP � � �
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�

K������	�
� mass m � ����� � �� MeV �S � ����

K������	�
� mass m � ������ � ��� MeV

K������	�
� full width � � ��� � ��� MeV �S � ����

K������	�
� full width � � �	� �  MeV �S � ����

Scale factor p

K�
�

����� DECAY MODESK�

�

����� DECAY MODESK�
�

����� DECAY MODESK�

�

����� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

K � 
��������� � ���

K������� 
��������� � ���

K�������� 
��������� � ���

K � 
 �������� � S���� ���
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K � 
 �������� � ���

K�	 
 ��������� ���� S���� ���

K � 
 �������
������ ���� S���� ���

K �� � ��� � ���� CL���� ���

K�	 � � � ���� CL���� ���

K
��
����K
��
����K
��
����K
��
���� I �JP � � �

� ��
��

Mass m � ���� � �� MeV �S � ����

Full width � � ��� � ��	 MeV �S � ����

K�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K � 
��������� � ���

K � 
��������
����� � ���

K������� 
��������
����� � ���

K��
����K��
����K��
����K��
���� �mm� I �JP � � �
� ��
��

Mass m � ���� � � MeV

Full width � � ��� � �� MeV

K�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K �� ���

K������	�� dominant ���

K������� seen ���

K f�����	� seen ��

K � seen ���

K � seen ���

K
�
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����K
�
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����K
�
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����K
�
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���� I �JP � � �
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Mass m � ���� � � MeV �S � ����

Full width � � �� � �� MeV �S � ����

p

K�
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����� DECAY MODESK�

�

����� DECAY MODESK�
�

����� DECAY MODESK�

�

����� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

K � 
�� � � � � ���

K������� 
�� � � � � ���

K � 
����� ���� � ���

K � 
�� ��� � � ���

K������	�� � �� � ��� ���

K��
����K��
����K��
����K��
����
�nn� I �JP � � �

� ��
��

Mass m � ���� � �� MeV

Full width � � ��� � � MeV

K�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODESK�
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K������	�� seen ���

K������� seen ���

K f�����	� seen ���

K � seen ���

K
�
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�
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�

�����	�K
�

�����	� I �JP � � �
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�

Mass m � �	� � � MeV �S � ����

Full width � � ��� � �	 MeV

K��
����� DECAY MODESK��
����� DECAY MODESK��
����� DECAY MODESK��
����� DECAY MODES Fraction 
�i �� p 
MeVc�

K � 
�������� � ���

K�������� 
� �� � � ���
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� �� � � ���

�K � 
�������� � ���

�K � 
�������� � ���

�K � 
�������� � ���

�K������ 
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CHARMEDMESONSCHARMEDMESONSCHARMEDMESONSCHARMEDMESONS
�C� ����C� ����C� ����C� ���
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D
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�

D
�D
� I �JP � � �
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Mass m � ������ � 	� MeV �S � ����

Mean life � � ��	�	 � ��� �	��� s

c� � ����� 
m

c�quark decaysc�quark decaysc�quark decaysc�quark decays

��c � �� anything����c � anything� � 	�	�� � 	�		� �oo�

��c � D���	�	�� anything����c � anything� � 	�� � 	�	��

CP�violation decay�rate asymmetriesCP�violation decay�rate asymmetriesCP�violation decay�rate asymmetriesCP�violation decay�rate asymmetries

ACP �K
�
S �

�� � �	�	�� � 	�	��

ACP �K
�
S K

�� � 	�	� � 	�	�

ACP �K
�K���� � 	�		� � 	�	��

ACP �K
�K��� � �	�	� � 	�	

ACP ���
�� � �	�	�� � 	�	��

ACP ��
������ � �	�	� � 	�	�

D� � K������� ���� form factorsD� � K������� ���� form factorsD� � K������� ���� form factorsD� � K������� ���� form factors

rv � ���� � 	�	� �S � ���

r� � 	��� � 	�	

r� � 	�	 � 	��

�L��T � ���� � 	�	�

����� � 	��� � 	�	� �S � ����

D� modes are charge conjugates of the modes below�

Scale factor p

D� DECAY MODESD� DECAY MODESD� DECAY MODESD� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

Inclusive modesInclusive modesInclusive modesInclusive modes
e� anything 
���� � ��� � � �
K� anything 
���� � ��� � � �
K� anything 
 K� anything 
�� � � � � �
K� anything 
 ��� � ��� � � �
� anything �pp� � �� � CL���� �
� anything � ��� � CL���� �
�e� anything � ��� � CL���� �

Leptonic and semileptonic modesLeptonic and semileptonic modesLeptonic and semileptonic modesLeptonic and semileptonic modes


��� 
 � ���
� � �� ���� ���

K� ���� �qq� 
 ��� � ��� � � ���

K� e� �e 
 ��� � ��� � � ���

K�
� �� 
 ��� � ���
� ��� � � ���

K��� e��e 
 ��� � ���
� ��� � � S���� ���

K������� e��e
� B�K������� � K����


 ��� � ��� � � ���

K��� e��e nonresonant � � � ���� CL���� ���

K���
��� 
 ����� ����� � ���

K�������
���
� B�K������� � K����


 ��� � ��� � � ���

K���
��� nonresonant 
 ��� � ��� �� ���� ���

�K������� �� e��e � ��� � CL���� ���

�K ���� e� �e non�K
������ � � � ���� CL���� ���

K�����
��� � ��� � ���� CL���� ���

�� ���� �rr � 
 ��� � ��� �� ���� ���

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged�particle modes�

K������� ���� �qq� 
 ����� ����� � ���

K������� e��e 
 ��� � ��� � � S���� ���

K�������
��� 
 ��� � ��� � � ���

K�����	�
�
� �� � � � CL���� ���

K������	�
�
� �� � ��� � CL���� ���

�� e��e 
 ��� � ��� �� ���� ���

��
��� 
 ��� � ��� �� ���� ���

�e� �e � ���� � CL���� ���

�
� �� � ���� � CL���� ���

����� � � � ���� CL���� ���

������
��� � ��� � CL���� ���
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Hadronic modes with a K or K K KHadronic modes with a K or K K KHadronic modes with a K or K K KHadronic modes with a K or K K K
K��� 
 ����� ����� � ���

K����� �ss� 
 ��� � ��� � � ���

K���������

� B�K������� � K����

 ����� ����� � ���

K������	�
���

� B�K������	�
� � K����


 ��� � ��� � � ���

K�����	����

� B�K�����	�� � K����

 ��� � ��� �� ���� ��

K����� nonresonant 
 ��� � ��� � � ���

K����� �ss� 
 ��� � ��� � � S���� ���

K��� 
 ��� � ��� � � ���

K���������

� B�K������� � K����

 ��� � ��� �� ���� ���

K����� nonresonant 
 ��� � ��� � � ���

K������� �ss� 
 ��� � ��� � � ���

K������� �� total
� B�K������� � K����


 ��� � ��� � � ���

K����		�
���

� B�K����		�
� � K������


 ��� � ��� � � ���

K����� total 
 ��� � ��� � � ���

K����� ��body 
 ��� � ��� � � ���

K����������� total
� B�K������� � K����


 ��� � ��� � � ���

K����������� ��body
� B�K������� � K����


 ��� � ��� � � ���

K����������� ��body
� B�K������� � K����


 � � � �� ���� ���

K������� nonresonant �tt� 
 ��� � ��� � � ���

K������� �ss� 
 ��� � ��� � � ���

K� a�����	�
�

� B�a�����	�
� � �������


 ��� � ��� � � ���

K����		�
���

� B�K����		�
� � K������


 ��� � ��� � � ���

K����������� ��body
� B�K������� � K����


 ��� � ��� � � ���

K����� total 
 ��� � ��� � � ���

K����� ��body 
 � � � �� ���� ���

K������� nonresonant 
 � � � �� ���� ���

K������ �ss� 
 ��� � ��� �� ���� S���� ���

K�������������

� B�K������� � K����

 ��� � ��� �� ���� ���

K������� ����

� B�K������� � K����

 ��� � ��� �� ���� ���

K������������� no��
� B�K������� � K����


 ��� � ��� �� ���� ���

K������� 
 ����� ������ ���� S���� ���

K������ nonresonant 
 ��� � ��� �� ���� ���

K�K�K� 
 ��� � ��� � � ���

K�K�K��� 
 ��� � ��� �� ���� ���

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged�particle modes�

K��� 
 ��� � ��� � � ���

K� a�����	�
� 
 ��� � ��� � � ���

K� a�����	�
� � � � ���� CL���� ���

K��������� 
 ����� ����� � ���

K������� �� total �tt� 
 ��� � ��� � � ���

K������� ��S�wave �tt� 
 ��� � ��� � � ���

K������� ��P�wave � � � ���� CL���� ���

K������� ��D�wave 
�� � � �� ���� ���

K������� ��D�wave longitu�
dinal

� � � ���� CL���� ���

K�����	�
��� � � � ���� CL���� ���

K����		�
��� 
 ��� � ��� � � ���

K������	�
��� 
 ��� � ��� � � ���

K�����	���� 
 ����� ����� � ��

K����������� total 
 ��� � ��� � � ���

K����������� ��body �tt� 
 ��� � ��� � � ���

K����������� total � ���

K����������� ��body 
 ��� � ��� � � ���

K����� total 
 ��� � ��� � � ���

K����� ��body 
 ��� � ��� � � ���

K����� total 
 ��� � ��� � � CL���� ���

K����� ��body 
 � � � �� ���� ���

K������������� 
 ��� � ��� �� ���� S���� ���

K������� ���� 
 ��� � ��� �� ���� S���� ���

K������������� no�� 
 ��� � ��� �� ���� ���

K������� 
 ����� ������ ���� ���

K������� a�����	�
� 
 ��� � ��� �� ���� y

Pionic modesPionic modesPionic modesPionic modes
���� 
 ��� � ��� �� ���� ���

������ 
 ��� � ��� �� ���� ���

�� 
 ��� � ��� �� ���� �
���� 
 ����� ������ ���� ���

f����	��
�

� B�f� � �����
�uu� 
 ��� � ��� �� ���� ���

f�����	��
�

� B�f� � �����

 ��� � ��� �� ���� ���

������ nonresonant 
 ��� � ��� �� ���� ���

�������� � ���

��� � B�� � ������� 
 ��� � ��� �� ���� ���

��� � B�� � ������� � � � ���� CL���� ���

������ 
 ����� ������ ���� S���� ���

Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged�particle modes�

��� 
 ��� � ��� �� ���� ���

���� 
 ����� ������ ���� ���

��� � � � ���� CL���� ���

��� � � � ���� CL���� ���

�������� 
 ��� � ��� �� ���� ���

�������� � � � ���� CL���� ���

f�����	��
� 
 ����� ������ ���� ���

Hadronic modes with a K K pairHadronic modes with a K K pairHadronic modes with a K K pairHadronic modes with a K K pair

K�K� 
 ��� � ��� �� ���� S���� ���

K�K��� �ss� 
 ��� � ��� �� ���� ���

��� � B�� � K�K�� 
 ��� � ��� �� ���� ���

K�K�������

� B�K�� � K����

 ��� � ��� �� ���� ���

K�K��� nonresonant 
 ��� � ��� �� ���� ���

K�K��� � ���

K�������K�

� B�K�� � K����

 ��� � ��� � � ���

K�K����� � ���

����� � B�� � K�K�� 
 ��� � ��� � � ���

��� � B�� � K�K�� � � � ���� CL���� ���

K�K����� non�� 
 ��� � ���
� ��� � � ���

K�K����� 
 ��� � ��� �� ���� ���

K�K����� 
 ��� � ��� �� ���� ���

K�������K�������

� B��K������� � K����

 ��� � ��� � � ���

K�K����� �non�K��K��� � ��� � ���� CL���� ���

K�K������� 
 ��� � ��� �� ���� ���

Fractions of the following modes with resonances have already appeared
above as submodes of particular charged�particle modes�

��� 
 ��� � ��� �� ���� ���

����� 
 ��� � ��� � � ���

��� � ��� � CL���� ���

K�K������� 
 ��� � ��� �� ���� ���

K�������K� 
 ��� � ��� � � ���

K�������K������� 
 ��� � ��� � � ���

Doubly Cabibbo suppressed �DC � modes�Doubly Cabibbo suppressed �DC � modes�Doubly Cabibbo suppressed �DC � modes�Doubly Cabibbo suppressed �DC � modes�
�C � � weak neutral current �C�� modes� or�C � � weak neutral current �C�� modes� or�C � � weak neutral current �C�� modes� or�C � � weak neutral current �C�� modes� or

Lepton Family number �LF � or Lepton number �L� violating modesLepton Family number �LF � or Lepton number �L� violating modesLepton Family number �LF � or Lepton number �L� violating modesLepton Family number �LF � or Lepton number �L� violating modes

K����� DC 
 ��� � ��� �� ���� ���

K��� DC 
 ��� � ��� �� ���� ���

K��������� DC �vv � 
 ��� � ��� �� ���� ���

K�����nonresonant DC 
 ��� � ��� �� ���� ���

K�K�K� DC 
 ��� � ��� �� ���� ���

�K� DC �vv � � ��� � ���� CL���� ���

�� e� e� C� � ��� � ���� CL���� ���

��
�
� C� � ��� � ���� CL���� ���

��
�
� C� � ��� � ���� CL���� ���

K� e� e� �ww � � ��� � ���� CL���� ���

K�
�
� �ww � � ��� � ���� CL���� ���

�� e�
� LF �gg � � ��� � ���� CL���� ���

K� e�
� LF �gg � � ��� � ���� CL���� ���

�� e� e� L � ��� � ���� CL���� ���

��
�
� L � ��� � ���� CL���� ���
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�� e�
� L � ��� � ���� CL���� ���

��
�
� L � ��� � ���� CL���� ���

K� e� e� L � ��� � ���� CL���� ���

K�
�
� L � ��� � ���� CL���� ���

K� e�
� L � ��� � ���� CL���� ���

K�������
�
� L � ��� � ���� CL���� ���

D
�D�

D
�D� I �JP � � �

� �	
��

Mass m � ������ � 	� MeV �S � ����

mD� � mD� � ���� � 	��	 MeV �S � ����

Mean life � � ���	�� � ���� �	��� s

c� � ����	 
m�
�m

D�
�

� m
D�
�

�
� � �� �	�� �h s��� CL � �� �xx �

��
D�
�

� �
D�
�

��� � �y � 	�	�� � 	�	�	

��K� ���� �via D������K� ����� � 	�		� CL � �	�

�
�
K��� �via D��

�
��
�
K���

�
� ���� �	��� CL � ��

CP�violation decay�rate asymmetriesCP�violation decay�rate asymmetriesCP�violation decay�rate asymmetriesCP�violation decay�rate asymmetries

ACP �K
�K�� � 	�		 � 	�	��

ACP �K
�
S K

�
S � � �	��� � 	���

ACP ��
���� � 	�	�� � 	�	��

ACP ��
���� � 	�		 � 	�	

ACP �K
�
S �� � �	�	� � 	�	�

ACP �K
�
S �

�� � 	�		� � 	�	��

ACP �K
���� � 	�	� � 	�	�

ACP �K
������ � �	�	� � 	�	�

ACP �K
������ � 	�	������

�����

CPT�violation decay�rate asymmetryCPT�violation decay�rate asymmetryCPT�violation decay�rate asymmetryCPT�violation decay�rate asymmetry

ACPT �K���� � 	�		� � 	�		�

D� modes are charge conjugates of the modes below�

Scale factor p

D� DECAY MODESD� DECAY MODESD� DECAY MODESD� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

Inclusive modesInclusive modesInclusive modesInclusive modes
e� anything �yy � 
 ����� ����� � �

� anything 
 ��� � ��� � � �
K� anything 
�� � � � � S���� �
K� anything 
 K� anything 
�� � � � � �

K� anything 
 ��� � ���
� ��� � � �

� anything �pp� � �� � CL���� �
� anything 
 ��� � ��� � � �

Semileptonic modesSemileptonic modesSemileptonic modesSemileptonic modes

K� ���� �qq� 
 ����� ����� � S���� ���

K� e��e 
 ����� ����� � S���� ���

K�
��� 
 ����� ����� � ���

K��� e��e 
 ��� � ���
� ��� � � S���� ���

K��� e��e 
 ��� � ��� � � S���� ���

K������� e� �e
� B�K������� � K����


 ����� ����� � ���

K�����
� �� � ��� � ���� CL���� ���

�K������� ��
� �� � ��� � ���� CL���� ���

�� e��e 
 ��� � ��� �� ���� ���

A fraction of the following resonance mode has already appeared above as
a submode of a charged�particle mode�

K������� e� �e 
 ����� ����� � ���

Hadronic modes with a K or K K KHadronic modes with a K or K K KHadronic modes with a K or K K KHadronic modes with a K or K K K
K��� 
 ����� ����� � ���

K��� 
 ����� ����� � ���

K����� �ss� 
 ����� ����� � S���� ���

K��� 
 ����� ����
� ����� � ���

K��
� B�� � �����


 ��� � ��� �� ���� ���

K� f����	�
� B�f����	� � �����


 ��� � ���
� ��� �� ���� ���

K� f�����	�
� B�f�����	� � �����


 ��� � ���
� ��� �� ���� ���

K� f�����	�
� B�f�����	� � �����


 ��� � ���
� ��� �� ���� �

K���������

� B�K������� � K����

 ��� � ��� � � ���

K������	�
���

� B�K������	�
� � K����


 ��� � ���
� ��� �� ���� ���

K������	�
���

� B�K������	�
� � K����


 ��� � ���
� ��� �� ���� ���

K�����	����

� B�K�����	�� � K����

 ��� � ���

� ��� �� ���� ��

K���������

� B�K������� � K����

 ��� � ���

� ��� �� ���� ���

K����� nonresonant 
 ��� �����
� ��� �� ���� ���

K����� �ss� 
���� � ��� � � S���� ���

K��� 
���� � ��� � � ���

K�����		��

� B�����		�� � �����

 ��� � ��� �� ���� y

K���������

� B�K������� � K����

 ����� ����� � ���

K���������

� B�K������� � K����

 ����� ����� � ���

K������	�
���

� B�K������	�
� � K����


 ��� � ���
� ��� �� ���� ���

K������	�
���

� B�K������	�
� � K����


 ��� � ���
� ��� �� ���� ���

K�����	����

� B�K�����	�� � K����

 ��� � ��� �� ���� ��

K����� nonresonant 
 ����� ����
� ����� � ���

K����� � ���

K���������

� B�K������� � K����

 ��� � ��� �� ���� ���

K����� nonresonant 
 ��� � ��� �� ���� ���

K������� �ss� 
 ����� ����� � ���

K��� �� total 
 ��� � ��� � � ���

K��� ����body 
 ��� � ��� �� ���� ���

K������� ��

� B�K������� � K����

 ��� � ��� �� ���� ���

K� a�����	�
�

� B�a�����	�
� � �������


 ��� � ��� � � ���

K����������� total
� B�K������� � K����


 ��� � ��� � � ���

K�������������body
� B�K������� � K����


 ��� � ��� �� ���� ���

K�����	�
���

� B�K�����	�
� � K������

�tt� 
 ��� � ��� �� ���� ���

K������� nonresonant 
 ����� ����� � ���

K������� �ss� 
���� � ��� � � ���

K�� � B�� � ������� 
 ����� ������ ���� ���

K�� � B�� � ������� 
 ��� � ��� � � ���

K���������

� B�K������� � K����

 ��� � ��� � � ���

K������� ��

� B�K������� � K����

 ��� � ��� �� ���� ���

K�����	�
���

� B�K�����	�
� � K������

�tt� 
 ��� � ��� �� ���� ���

K�������������body
� B�K������� � K����


 ��� � ��� �� ���� ���

K������� nonresonant 
 ��� � ��� � � ���

K��������� 
 ��� � ��� � � ���

K�������������

� B�K������� � K����

 ��� � ��� � � ���

K������� �
� B�K������� � K����
� B�� � �������


 ��� � ��� �� ���� ���

K���� � B�� � ������� 
 ��� � ��� � � ���

K��������
� B�K������� � K����
� B�� � �������


 ��� � ��� �� ���� ���

K��������� 
 ��� � ��� �� ���� ���

K�K�K� 
 ����� ����� � ���

K�� � B�� � K�K�� 
 ��� � ��� �� ���� ���

K�K�K�non�� 
 ��� � ��� �� ���� ���

K�
S K

�
S K

�
S 
 ��� � ��� �� ���� ���

K�K�K��� 
 ����� ������ ���� ���

K�K�K�������

� B�K������� � K����

 ��� � ��� �� ���� y
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K���� � B�� � K�K�� 
 ��� � ��� �� ���� ���

�K�������

� B�� � K�K��
� B�K������� � K����


 ��� � ��� �� ���� y

K�K�K���nonresonant 
 ��� � ��� �� ���� ���

Fractions of many of the following modes with resonances have already
appeared above as submodes of particular charged�particle modes� 
Modes

for which there are only upper limits and K�
����� submodes only appear
below��

K�� 
 ��� � ��� �� ���� ���

K��� 
 ����� ����
� ����� � ���

K��� 
���� � ��� � � S���� ���

K�� 
 ��� � ��� � � ���

K������� 
 ����� ����� � ���

K�� 
 ��� � ��� �� ���� ���

K� a�����	�
� 
 ��� � ��� � � ���

K� a�����	�
� � ��� � CL���� ���

K� f�����	� 
 ��� � ���
� ��� �� ���� ���

K� a�����	�
� � � � ���� CL���� ���

K��������� 
 ��� � ��� � � S���� ���

K��������� 
 ��� � ��� � � S���� ���

K����������� total 
 ��� � ��� � � ���

K�������������body 
 ����� ����� � ���

K��� �� total 
 ��� � ��� � � ���

K��� ����body 
 ��� � ��� �� ���� ���

K������� �� 
 ����� ����� � ���

K������� �� transverse 
 ��� � ��� � � ���

K������� ��S�wave 
 ��� � ��� � � ���

K������� ��S�wave long� � � � ���� CL���� ���

K������� ��P�wave � � � ���� CL���� ���

K������� ��D�wave 
 ��� � ��� � � ���

K��������� 
 ��� � ��� � � ���

K��������� longitudinal 
 ��� � ��� � � ���

K��������� transverse 
 ��� � ��� � � ���

K���������P�wave � ��� � CL���� ���

K�����	�
��� �tt� 
 ����� ����� � ���

K����		�
��� � ��� � CL���� ���

K����		�
��� � ��� � CL���� ���

K������	�
��� 
 ��� � ���

� ��� �� ���� ���

K������	�
��� 
 ��� � ���

� ��� �� ���� ���

K������	�
��� 
 ��� � ���

� ��� �� ���� ���

K������	�
��� � ��� � ���� CL���� ���

K�����	���� 
 ��� � ���
� ��� �� ���� S���� ��

K������������� 
 ��� � ��� � � ���

K������� � 
 ��� � ��� � � ���

K���� 
 ��� � ��� � � ���

K�������� 
 ��� � ��� � � ���

K��� ������ 
 ��� � ��� �� ���� ���

K������� ������ � ��� � ���� CL���� ���

K���� 
 ��� � ��� �� ���� ���

K�K�K������� 
 ��� � ��� �� ���� y

�K������� 
 ��� � ��� �� ���� y

Pionic modesPionic modesPionic modesPionic modes
���� 
 ����� ������ ���� ���

���� 
 ��� � ��� �� ���� ���

������ 
 ��� � ��� � � ���

�������� 
 ��� � ��� �� ���� ���

Hadronic modes with a K K pairHadronic modes with a K K pairHadronic modes with a K K pairHadronic modes with a K K pair

K�K� 
 ����� ����
� ������ ���� S���� ���

K�K� 
 ��� � ��� �� ���� S���� ���

K�K��� 
 ��� � ��� �� ���� ���

K�������K�

� B�K�� � K����
� ��� � ���� CL���� ���

K�������K�

� B�K�� � K����

 ��� � ��� �� ���� ���

K�K��� nonresonant 
 ��� � ��� �� ���� ���

K�K��� 
 ��� � ��� �� ���� ���

K�������K�

� B�K�� � K����
� � � ���� CL���� ���

K�������K�

� B�K�� � K����

 ��� � ��� �� ���� ���

K�K��� nonresonant 
 ��� � ���
� ��� �� ���� ���

K�K��� 
 ����� ������ ���� ���

K�
S K

�
S �

� � ��� � ���� ���

K�K����� �zz � 
 ����� ������ ���� ���

����� � B�� � K�K�� 
 ��� � ��� �� ���� ���

��� � B�� � K�K�� 
 ��� � ��� �� ���� ���

K�K��� ��body 
 ��� � ��� �� ���� ���

K�������K���
 c�c�
� B�K�� � K����

�aaa� � � � ���� ���

K�������K�������

� B��K�� � K����

 � � � �� ���� ���

K�K�����nonresonant � � � ���� CL���� ���

K�K����� 
 ��� � ��� �� ���� ���

K�K������� 
 ��� � ��� �� ���� ���

Fractions of most of the following modes with resonances have already
appeared above as submodes of particular charged�particle modes�

K�������K� � ��� � ���� CL���� ���

K�������K� 
 ��� � ��� �� ���� ���

K�������K� � � � ���� CL���� ���

K�������K� 
 ��� � ��� �� ���� ���

��� 
 ��� � ��� �� ���� ���

�� 
 ��� � ��� �� ���� ���

�� � ��� � ���� CL���� ���

����� 
 ����� ������ ���� ���

��� 
 ��� � ��� �� ���� ���

����� ��body 
 � � � �� ���� ���

K�������K���
 c�c� �aaa� � � � ���� CL���� ���

K�������K������� 
 ��� � ��� �� ���� ���

Radiative modesRadiative modesRadiative modesRadiative modes
�� 	 � ��� � ���� CL���� ���

�	 � ��� � ���� CL���� ���

�	 
 ��� � ���
� ��� �� ���� ���

K������� 	 � ��� � ���� CL���� ���

Doubly Cabibbo suppressed �DC � modes�Doubly Cabibbo suppressed �DC � modes�Doubly Cabibbo suppressed �DC � modes�Doubly Cabibbo suppressed �DC � modes�

�C � � forbidden via mixing �C�M� modes��C � � forbidden via mixing �C�M� modes��C � � forbidden via mixing �C�M� modes��C � � forbidden via mixing �C�M� modes�
�C � � weak neutral current �C�� modes��C � � weak neutral current �C�� modes��C � � weak neutral current �C�� modes��C � � weak neutral current �C�� modes�

Lepton Family number �LF � violating modes� orLepton Family number �LF � violating modes� orLepton Family number �LF � violating modes� orLepton Family number �LF � violating modes� or

Lepton number �L� violating modesLepton number �L� violating modesLepton number �L� violating modesLepton number �L� violating modes

K� ���� �via D�� C�M � ��� � ���� CL���� �
K��� DC 
 ����� ������ ���� ���

K��� �via D�� C�M � ��� � ���� CL���� ���

K��������� 
 ��� � ���
� ��� �� ���� ���

K����� 
 ��� � ��� �� ���� ���

K������� DC 
 ��� � ��� �� ���� ���

K������� �via D�� C�M � � � ���� CL���� ���

K��� or
K������� �via D��

� ��� � ���� CL���� �


� anything �via D�� C�M � � � ���� CL���� �
	 	 C� � ��� � ���� CL���� ���

e� e� C� � ��� � ���� CL���� ���


�
� C� � ��� � ���� CL���� ���

�� e� e� C� � ��� � ���� CL���� ���

��
�
� C� � ��� � ���� CL���� ���

�e� e� C� � ��� � ���� CL���� ���

�
�
� C� � ��� � ���� CL���� ���

���� e� e� C� � ���� � ���� CL���� ���

�� e� e� C� � ��� � ���� CL���� ���

����
�
� C� � ��� � ���� CL���� ���

��
�
� C� � ��� � ���� CL���� ���

�e� e� C� � ��� � ���� CL���� ���

�
�
� C� � ��� � ���� CL���� ���

K�K� e� e� C� � ���� � ���� CL���� ���

�e� e� C� � ��� � ���� CL���� ���

K�K�
�
� C� � ��� � ���� CL���� ���

�
�
� C� � ��� � ���� CL���� ���

K� e� e� �ww � � ��� � ���� CL���� ���

K�
�
� �ww � � ��� � ���� CL���� ���

K��� e� e� C� � ���� � ���� CL���� ���

K������� e� e� �ww � � ��� � ���� CL���� ���

K���
�
� C� � ���� � ���� CL���� ���

K�������
�
� �ww � � ��� � ���� CL���� ���

������
�
� C� � ��� � ���� CL���� ���


� e� LF �gg � � ��� � ���� CL���� ���
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�� e�
� LF �gg � � ��� � ���� CL���� ���

�e�
� LF �gg � � ��� � ���� CL���� ���

���� e�
� LF �gg � � ��� � ���� CL���� ���

�� e�
� LF �gg � � ��� � ���� CL���� ���

�e�
� LF �gg � � ��� � ���� CL���� ���

K�K� e�
� LF �gg � � ��� � ���� CL���� ���

�e�
� LF �gg � � ��� � ���� CL���� ���

K� e�
� LF �gg � � ��� � ���� CL���� ���

K��� e�
� LF �gg � � ���� � ���� CL���� ���

K������� e�
� LF �gg � � ��� � ���� CL���� ���

���� e� e�
 c�c� L � ���� � ���� CL���� ���

����
�
�
 c�c� L � ��� � ���� CL���� ���

K��� e� e�
 c�c� L � ���� � ���� CL���� ���

K���
�
�
 c�c� L � ��� � ���� CL���� ���

K�K� e� e�
 c�c� L � ���� � ���� CL���� ���

K�K�
�
�
 c�c� L � ��� � ���� CL���� ���

���� e�
�
 c�c� L � ��� � ���� CL���� ���

K��� e�
�
 c�c� L � ���� � ���� CL���� ���

K�K� e�
�
 c�c� L � ��� � ���� CL���� ���

D
��������D
��������D
��������D
�������� I �JP � � �

� ��
��

I� J� P need con�rmation�

Mass m � �		��� � 	� MeV �S � ����

m
D�� � m

D� � ������ � 	�	� MeV

Full width � � ��� MeV� CL � �	�

D�
������ modes are charge conjugates of modes below�

D�
������ DECAY MODESD�
������ DECAY MODESD�
������ DECAY MODESD�
������ DECAY MODES Fraction 
�i �� p 
MeVc�

D��� 
��������� � ��

D� 	 
��������� � ���

D
����
���D
����
���D
����
���D
����
��� I �JP � � �

� ��
��

I� J� P need con�rmation�
Mass m � �	�	�	 � 	� MeV �S � ����

m
D�
������ � m

D� � ��	��� � 	��	 MeV �S � ����

m
D�
������ � m

D� � ������ � 	�	�	 MeV �S � ����

Full width � � �� � �� keV

D�
������ modes are charge conjugates of the modes below�

D�
������ DECAY MODESD�
������ DECAY MODESD�
������ DECAY MODESD�
������ DECAY MODES Fraction 
�i �� p 
MeVc�

D��� 
��������� � ��

D��� 
��������� � ��

D� 	 
 �������� � ���

D�������
�D�������
�

D�������
�D�������
� I �JP � � �

� ��

�

I� J� P need con�rmation�

Mass m � ������ � ��� MeV �S � ����

Full width � � ��������
���� MeV

D�
�����
� modes are charge conjugates of modes below�

D�
�����
� DECAY MODESD�
�����
� DECAY MODESD�
�����
� DECAY MODESD�
�����
� DECAY MODES Fraction 
�i �� p 
MeVc�

D���	�	���� seen ���

D��� not seen ���

D
�

�������
�D

�

�������
�

D
�

�������
�D

�

�������
� I �JP � � �

� ��

�

JP � �
 assignment strongly favored�

Mass m � ����� � ��	 MeV �S � ����

Full width � � �� �  MeV

D��
�����
� modes are charge conjugates of modes below�

D�
�

������ DECAY MODESD�

�

������ DECAY MODESD�
�

������ DECAY MODESD�

�

������ DECAY MODES Fraction 
�i �� p 
MeVc�

D��� seen ���

D���	�	���� seen ���

D
�

�������
�D

�

�������
�

D
�

�������
�D

�

�������
� I �JP � � �

� ��

�

JP � �
 assignment strongly favored�

Mass m � ��� � � MeV �S � ����

m
D�

�

������

� m
D�

�

������

� 	�� � ��� MeV �S � ����

Full width � � ���
�� MeV

D��
�����
� modes are charge conjugates of modes below�

D��
�����
� DECAY MODESD��
�����
� DECAY MODESD��
�����
� DECAY MODESD��
�����
� DECAY MODES Fraction 
�i �� p 
MeVc�

D��� seen ���

D���� seen ���

CHARMED� STRANGE MESONSCHARMED� STRANGE MESONSCHARMED� STRANGE MESONSCHARMED� STRANGE MESONS
�C � S � ����C � S � ����C � S � ����C � S � ���

D�
s

� cs � D�s � c s� similarly for D�s �s

D
�

s
D
�

s
D
�

s
D
�

s

was F�was F�was F�was F�
I �JP � � 	�	��

Mass m � ������ � 	� MeV �S � ����

m
D�

s

� mD� � ����� � 	��� MeV �S � ����

Mean life � � ���	 � ��� �	��� s �S � ����

c� � ����	 
m

D�
s

form factorsD�
s

form factorsD�
s

form factorsD�
s

form factors

r� � ���	 � 	���

rv � ���� � 	���

�L��T � 	��� � 	���

Unless otherwise noted	 the branching fractions for modes with a resonance

in the �nal state include all the decay modes of the resonance� D�
s

modes
are charge conjugates of the modes below�

Scale factor p

D�
s

DECAY MODESD�
s

DECAY MODESD�
s

DECAY MODESD�
s

DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

Inclusive modesInclusive modesInclusive modesInclusive modes

K� anything 
�� ���
��� � � �

K� anything 
 K� anything 
�� ��� � � �

K� anything 
�� ���
��� � � �

�non�K K� anything 
�� ��� � � �

e� anything 
 � � �
� � � � �

� anything 
�� ���
��� � � �

Leptonic and semileptonic modesLeptonic and semileptonic modesLeptonic and semileptonic modesLeptonic and semileptonic modes


��� 
 ��� � ��� �� ���� S���� ���

�� �� 
 ��� � ��� � � ���

��� �� �bbb� 
 ��� � ��� � � ���

����� 
 ���������� �bbb� 
 ��� � ��� � � �
����� �bbb� 
 ��� � ��� � � ���

���������� �bbb� 
 ��� � ��� �� ���� ���

Hadronic modes with a KK pair �including from a ��Hadronic modes with a KK pair �including from a ��Hadronic modes with a KK pair �including from a ��Hadronic modes with a KK pair �including from a ��

K�K� 
 ��� � ��� � � ���

K�K��� �ss� 
 ��� � ��� � � ���

��� �ccc� 
 ��� � ��� � � ���

K�K������� �ccc� 
 ��� � ��� � � ���

f����	��
�

� B�f� � K�K��
�ddd� 
 ��� � ��� �� ���� ���

K�K������	�
� �ccc� 
 � � � �� ���� ���

K�K��� nonresonant 
 � � � �� ���� ���

K�K��� � ���

K�������K� �ccc� 
 ��� � ��� � � ���

K�K����� � ���

����� �ccc� 
 � � � � � ���

��� �ccc� 
 ��� � ��� � � ���

����� ��body �ccc� � ��� � CL���� ���

K�K����� non�� � � � CL���� ���
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K�K����� 
 ��� � ��� � � ���

K�K����� 
 ��� � ��� � � ���

K�������K������� �ccc� 
 ��� � ��� � � ���

K�K����� �non�K��K��� � ��� � CL���� ���

K�K������� 
 ��� � ��� �� ���� ���

������� �ccc� 
 ��� � ��� �� ���� ���

K�K�����non�� � ��� � ���� CL���� ���

����� �ccc� 
 ����� ����� � ���

�a�����	�
� �ccc� 
 ��� � ��� � � y

K�K������� nonresonant 
 � � � �� ���� ���

Hadronic modes without K �sHadronic modes without K �sHadronic modes without K �sHadronic modes without K �s
������ 
 ����� ����� � S���� ���

���� � � � ���� CL���� ���

f����	��
�

� B�f� � �����
�uu� 
 ��� � ��� �� ���� ���

f�����	��
� �ccc� 
 ��� � ��� �� ���� ���
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BOTTOM MESONSBOTTOM MESONSBOTTOM MESONSBOTTOM MESONS
�B � ����B � ����B � ����B � ���

B� � ub� B� � db� B� � d b� B� � ub� similarly for B��s

B�particle organizationB�particle organizationB�particle organizationB�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 ���S�

results and �B��B��B�
s�b�baryon Admixture for results

at higher energies� Most inclusive decay branching fractions

and �b at high energy are found in the Admixture sections�

B��B� mixing data are found in the B� section� while B�
s �

B�
s mixing data and B�B mixing data for a B��B�

s admixture

are found in the B�
s section� CP�violation data are found in

the B�� B�� and B� B� 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�

� B�
mass� mean life� branching fractions CP violation

� B�

mass� mean life� branching fractions

polarization in B� decay� B��B� mixing� CP violation

� B� B� Admixtures

branching fractions� CP violation

� B��B��B�
s�b�baryon Admixtures

mean life� production fractions� branching fractions

�b at high energy�Vcb measurements

� B�
mass

� B�
s

mass� mean life� branching fractions

polarization in B�
s decay� B�

s �B
�
s mixing

� B�
c

mass� mean life� branching fractions

At end of Baryon Listings�

� �b
mass� mean life� branching fractions

� b�baryon Admixture

mean life� branching fractions

B
�B
�

B
�B
� I �JP � � �

� �	
��

I � J � P need con�rmation� Quantum numbers shown are quark�model
predictions�

Mass mB� � ����	 � 	� MeV

Mean life �B� � ������ � 	�	���� �	��� s

c� � 	� 
m

CP violationCP violationCP violationCP violation

ACP �B
� � J����S�K�� � �	�		� � 	�	��
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ACP �B
� � DCP
���K

�� � 	�	� � 	���

ACP �B
� � DCP
���K

�� � �	��� � 	���

ACP �B
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ACP �B
� � K���� � �	��	 � 	�	�

ACP �B
� � K�

S �
�� � 	�	� � 	�	� �S � ����

ACP �B
� � ������� � �	��� � 	��
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ACP �B
� � K������ � 	�	� � 	�	�

ACP �B
� � K�K�K�� � 	�	� � 	�	�

ACP �B
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ACP �B
� � ���� � �	��� � 	���

ACP �B
� � �K�� � �	��� � 	���

ACP �B
� � �K�� � 	�	� � 	�	�

ACP �B
� � �K�������� � 	�	� � 	��

ACP �B
� � ��K�������� � 	��	 � 	���

B� modes are charge conjugates of the modes below� Modes which do not
identify the charge state of the B are listed in the B�B� ADMIXTURE
section�

The branching fractions listed below assume ��� B�B� and ��� B�B�

production at the �
�S�� We have attempted to bring older measurements
up to date by rescaling their assumed �
�S� production ratio to �����

and their assumed D	 Ds 	 D
�	 and � branching ratios to current values

whenever this would a�ect our averages and best limits signi�cantly�

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

For inclusive branching fractions	 e�g�� B � D� anything	 the values
usually are multiplicities	 not branching fractions� They can be greater
than one�

Scale factor p

B� DECAY MODESB� DECAY MODESB� DECAY MODESB� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�
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 ��� ���� � � ���� S���� ����

K�K�K�nonresonant � ��� � ���� CL���� ����

K�������K�K� � ��� � ���� CL���� ����

K�������� 
 ��� ���� � � ���� S���� ����

K����		�
�� � ��� � ���� CL���� ����

K������	�
�� � ��� � ���� CL���� ����

K��� 
 ��� ����
���� �� ���� ����

K�������	 
 ��� ���� � � ���� ����

K�����	�
�	 � ��� � ���� CL���� ����

�K� 	 
 ��� ���� � � ���� ����

K�����	 
 ��� ����
���� �� ���� ����

K��������� 	 
 ��� ����
���� �� ���� ����

K��� 	 � ��� � ���� CL���� ����

K�����	 nonresonant � ��� � ���� CL���� ����

K����		�
�	 � ��� � ���� CL���� ����

K������	�
�	 � ��� � ���� CL���� ����

K�����	��	 � ��� � ���� CL���� ����

K������	�
�	 � ��� � ���� CL���� ����

K����	��
�	 � ��� � ���� CL���� ����

Light un!avored meson modesLight un!avored meson modesLight un!avored meson modesLight un!avored meson modes

��	 � ��� � ���� CL���� ����

���� 
 ��� ����
���� �� ���� ����

������ 
 ��� ���� � � ���� ����

���� 
 ��� ���� � � ���� ����

�� f����	� � ��� � ���� CL���� ����

�� f�����	� � ��� � ���� CL���� ����

������ nonresonant � ��� � ���� CL���� ����
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������ � ��� � ���� CL���� ����

���� � ��� � ���� CL���� ����

�������� � ��� � ���� CL���� ����

���� 
 ��� ���� � � ���� ����

a�����	�
��� � ��� � ���� CL���� ����

a�����	�
��� � ��� � ���� CL���� ����

��� 
 ��� ����
���� �� ���� S���� ����

��� � ��� � ���� CL���� ����

��� � ��� � ���� CL���� ����

���� � ��� � ���� CL���� ����

�� �� � ��� � ���� CL���� ����

��� � ��� � ���� CL���� ����

��� � ��� � ���� CL���� ����

��� � ��� � ���� ����

���������� � ��� � ���� CL���� ����

�� a�����	�
� � ��� � ���� CL���� ����

�� a�����	�
� � ��� � ���� CL���� ����

������������ � ��� � ���� CL���� ����

a�����	�
� a�����	�

� � ��� � CL���� ����

Charged particle �h�� modesCharged particle �h�� modesCharged particle �h�� modesCharged particle �h�� modes

h� � K� or ��

h��� 
 ��� ����
���� �� ���� ����

�h� 
 ���������
������� ���� ����

h�X � �Familon� � ��� � ���� CL���� �

Baryon modesBaryon modesBaryon modesBaryon modes

pp�� � ��� � ���� CL���� ����

pp��nonresonant � ��� � ���� CL���� ����

pp������ � ��� � ���� CL���� ����

ppK� 
 ��� ����
���� �� ���� ����

ppK�nonresonant � ��� � ���� CL���� ����

p� � ��� � ���� CL���� ����

p����� � ��� � ���� CL���� ����

�� p � ��� � ���� CL���� ����

���p � ��� � ���� CL���� ����

D� pp � ��� � ���� CL���� ����

D���	�	�� pp � ��� � ���� CL���� ����

��
c
p�� 
 ��� ���� � � ���� ����

��
c
p���� 
 ��� ���� � � ���� ����

��c p������ 
 ��� ���� � � ���� ����

��
c
p�������� � ���� � CL���� ����

� c ����
� p � � � ���� CL���� ����

� c ���	�
� p � ��� � ���� CL���� ����

� c ����
� p�� 
 ��� ���� � � ���� ����

� c ����
� p���� 
 ��� ���� � � ���� ����

� c ����
��p���� 
 ��� ���� � � ���� ����

�c �����
���c �����

� p�� � ��� � ���� CL���� �

Lepton Family number �LF � or Lepton number �L� violating modes� orLepton Family number �LF � or Lepton number �L� violating modes� orLepton Family number �LF � or Lepton number �L� violating modes� orLepton Family number �LF � or Lepton number �L� violating modes� or

�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes

�� e� e� B� � ��� � ���� CL���� ����

��
�
� B� � ��� � ���� CL���� ����

K� e� e� B� 
 ��� ����
���� �� ���� ����

K�
�
� B� 
 ��� ����
���� �� ���� ����

K� �� �� B� �rr � 
 ��� ���� � � ���� ����

K�� � B� � ��� � ���� CL���� ����

K������� e� e� B� � ��� � ���� CL���� ����

K�������
�
� B� � ��� � ���� CL���� ����

K������� �� � B� �rr � � ��� � ���� CL���� ����

�� e�
� LF � ��� � ���� CL���� ����

�� e�
� LF � ��� � ���� CL���� ����

K� e�
� LF � � � ���� CL���� ����

K� e�
� LF � ��� � ���� CL���� ����

K������� e�
� LF � ��� � ���� CL���� ����

�� e� e� L � ��� � ���� CL���� ����

��
�
� L � ��� � ���� CL���� ����

�� e�
� L � ��� � ���� CL���� ����

�� e� e� L � ��� � ���� CL���� ����

��
�
� L � ��� � ���� CL���� ����

�� e�
� LF � ��� � ���� CL���� ����

K� e� e� L � ��� � ���� CL���� ����

K�
�
� L � ��� � ���� CL���� ����

K� e�
� L � ��� � ���� CL���� ����

K������� e� e� L � ��� � ���� CL���� ����

K�������
�
� L � ��� � ���� CL���� ����

K������� e�
� LF � ��� � ���� CL���� ����

B
�B�

B
�B� I �JP � � �

� �	
��

I � J � P need con�rmation� Quantum numbers shown are quark�model
predictions�

Mass m
B� � ����� � 	� MeV

m
B� � m

B� � 	��� � 	��� MeV �S � ����

Mean life �
B� � ����� � 	�	���� �	��� s

c� � ��	 
m

�
B���B� � ��	�� � 	�	�� �direct measurements�

B��B� mixing parametersB��B� mixing parametersB��B� mixing parametersB��B� mixing parameters

�d � 	���� � 	�		�

�m
B� � m

B�
H

� m
B�
L

� �	�	� � 	�		��� �	�� �h s��

� ����	� � 	�	���� �	��� MeV

xd � �m
B���B� � 	���� � 	�	��

CP violation parametersCP violation parametersCP violation parametersCP violation parameters

Re��
B�����


���
B�

���� � �	� � ����� �	��

AT�CP � 	�		 � 	�	��

ACP �B� � K���� � �	�	� � 	�	�

ACP �B
� � ����� � �	��� � 	�	�

ACP �B
� � ��K�� � 	��� � 	���

ACP �B
� � K���������� � 	��� � 	��

ACP �B
� � K��������� � 	�	 � 	��	

ACP �B
� � D���	�	��D�� � �	�	� � 	���

C�� �B� � ����� � �	�� � 	��� �S � ����

S�� �B� � ����� � �	� � 	�� �S � ����

C�� �B� � ����� � 	��� � 	���

S�� �B� � ����� � 	��� � 	���

C��
����K �B� � ������K�
S � � 	�	� � 	���

S��
����K �B� � ������K�
S � � 	��� � 	���

C
�K�

S

�B� � �K�
S � � 	�� � 	��	

S
�K�

S

�B� � �K�
S � � ���	 � 	�

C
K�K�K�

S

�B� � K�K�K�
S � � 	��� � 	���

S
K�K�K�

S

�B� � K�K�K�
S � � �	�� � 	���

CD�
������D� �B� � D���	�	��D�� � �	�� � 	��

S
D�
������D� �B� � D���	�	��D�� � �	�� � 	��

C
D�
������D� �B� � D���	�	��D�� � �	� � 	��

S
D�
������D� �B� � D���	�	��D�� � �	�� � 	��

C
J��
�S��� �B� � J����S���� � 	�� � 	��

SJ��
�S��� �B� � J����S���� � 	�� � 	�

�C�� �B� � ����� � 	��� � 	���

�S�� �B� � ����� � 	�� � 	���
��
�
� �B� � c c K�� � 	���� � 	�	��

��
�
� �B� � D��D��� � 	�� � 	���

Im��� �B� � D��D��� � 	�	 � 	���

sin���� � 	���� � 	�	�

B� modes are charge conjugates of the modes below� Reactions indicate
the weak decay vertex and do not include mixing� Modes which do not
identify the charge state of the B are listed in the B�B� ADMIXTURE
section�

The branching fractions listed below assume ��� B�B� and ��� B�B�

production at the �
�S�� We have attempted to bring older measurements
up to date by rescaling their assumed �
�S� production ratio to �����

and their assumed D	 Ds 	 D
�	 and � branching ratios to current values

whenever this would a�ect our averages and best limits signi�cantly�

Indentation is used to indicate a subchannel of a previous reaction� All

resonant subchannels have been corrected for resonance branching frac�
tions to the �nal state so the sum of the subchannel branching fractions
can exceed that of the �nal state�

For inclusive branching fractions	 e�g�� B � D� anything	 the values
usually are multiplicities	 not branching fractions� They can be greater
than one�
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Scale factor p

B� DECAY MODESB� DECAY MODESB� DECAY MODESB� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

���� anything �rr � 
���� ���� � � �
D� ���� �rr � 
 ���������� � ����

D���	�	�� ���� �rr � 
 ���������� � ����

�� ���� �rr � 
 ��� ���� � � ���� ����

�� ���� �rr � 
 ���������� � ���� ����

Inclusive modesInclusive modesInclusive modesInclusive modes
K� anything 
�� �� � � �

D� D�� or Ds modesD� D�� or Ds modesD� D�� or Ds modesD� D�� or Ds modes

D��� 
 ���������� � ���� ����

D� �� 
 ��� ���� � � ���� ����

D�K������� 
 ��� ���� � � ���� ����

D���� 
 ��� ���� � � ���� ����

D�K� 
 ��� ���� � � ���� ����

D�K�K� � ��� � ���� CL���� ����

D�K�K������� 
 ��� ���� � � ���� ����

D��� 
 ��� ���� � � ���� ����

D����� 
 ��� ���� � � ���� ����

D���	�	���� 
 ���������� � ���� ����

D������� 
 ��� ���� � � ���� ����

�D������� � nonresonant 
 ��� ���� � � ���� ����

D����� 
 ��� ���� � � ���� ����

D� a�����	�
� 
 ��� ���� � � ���� ����

D���	�	������ 
 ��� ���� � � ����

D���	�	�� �� 
 ��� ���� � � ���� ����

D���	�	��K� 
 ��� ���� � � ���� ����

D���	�	��K������� 
 ��� ���� � � ���� ����

D���	�	��K�K� � ��� � ���� CL���� ����

D���	�	��K�K������� 
 ���������� � ���� ����

D���	�	�������� 
 ��� ���� � � ���� S���� ����

�D���	�	�������� � non�
resonant


 ��� ���� � � ���� ����

D���	�	������ 
 ��� ���� � � ���� ����

D���	�	�� a�����	�
� 
 ���������� � ����

D���	�	���������� 
 ���������� � ����

D���	�	���������� 
 ��� ���� � � ����

D���	�	�� pp�� 
 ��� ���� � � ���� ����

D���	�	�� pn 
 ��� ���� � � ���� ����

D���	�	����� 
 ��� ���� � � ���� ����

D������	�
��� � ��� � ���� CL���� ����

D������	�
� �� � ��� � ���� CL���� ����

D�D� � ��� � ���� CL���� ����

D�D�
s


 ��� ���� � � ���� ����

D���	�	��D�
s


 ���������� � ����

D�D��s 
 ��� ���� � � ����

D���	�	��D��
s


 ��� ���� � � ����

D�DsJ������
� seen ����

D�DsJ�����
� seen �

D�DsJ�����
� not seen ����

D���	�	��DsJ�����
� not seen ����

D�DsJ�����
� not seen ����

D���	�	��DsJ�����
� not seen ����

D�
s
�� 
 ��� ���� � � ���� ����

D��
s

�� � ��� � ���� CL���� ����

D�
s
�� � � � ���� CL���� ����

D��s �� � � � ���� CL���� ����

D�
s
a�����	�

� � ��� � ���� CL���� ����

D��
s

a�����	�
� � ��� � ���� CL���� ����

D�
s
K� 
 ��� ���� � � ���� ����

D��
s

K� � ��� � ���� CL���� ����

D�
s
K������� � ��� � ���� CL���� ����

D��
s

K������� � ��� � ���� CL���� ����

D�
s
��K� � � � ���� CL���� ����

D��
s

��K� � ��� � ���� CL���� ����

D�s ��K������� � � � ���� CL���� ����

D��
s

��K������� � ��� � ���� CL���� ����

D�K� 
 ��� ���� � � ���� ����

D�K������� 
 ��� ���� � � ���� ����

D��� 
 ���������� � ���� ����

D� �� 
 ��� ���� � � ���� ����

D� � 
 ��� ���� � � ���� S���� ����

D� �� 
 ��� ���� � � ���� ����

D�� 
 ��� ���� � � ���� S���� ����

D�K������� � ��� � ���� CL���� ����

D�� 	 � ��� � ���� CL���� ����

D���		����� 
 ��� ���� � � ���� ����

D���		��� �� � ��� � ���� CL���� ����

D���		��� � 
 ��� ���� � � ���� ����

D���		��� �� � ��� � ���� CL���� ����

D���		������� 
 ��� ���� � � ���� ����

D���		���K� � ��� � ���� CL���� ����

D���		���K������� � ��� � ���� CL���� ����

D���		���K������� � ��� � ���� CL���� ����

D���		����������� 
 ��� ���� � � ���� ����

D���	�	��D���	�	�� 
 ��� ���� � � ���� ����

D���		���� 
 ��� ���� � � ���� ����

D���	�	��D� � ��� � ���� CL���� ����

D���	�	��D� 

D���	�	��D�


 ��� ���� � � ���� ����

D���		���D���		��� � ��� � CL���� ����

D�D�K� 
 ��� ���� � � ���� ����

D�D���		���K� 
 ��� ���� � � ���� ����

D���	�	��D�K� 
 ��� ����
���� �� ���� ����

D���	�	��D���		���K� 
 ���������� � ����

D�D�K� � ��� � ���� CL���� ����

D���	�	��D�K� 

D�D���	�	��K�


 ��� ���� � � ���� ����

D���	�	��D���	�	��K� 
 ��� ���� � � ���� ����

D�D�K� � ��� � ���� CL���� ����

D�D���		���K� 

D���		���D�K�

� ��� � ���� CL���� ����

D���		���D���		���K� � ��� � ���� CL���� ����

�D
D� ��D
D� �K 
 ��� ���� � � �

Charmonium modesCharmonium modesCharmonium modesCharmonium modes
�c K

� 
 ��� ���� � � ���� ����

�c K
������� 
 ��� ���� � � ���� ����

J����S�K� 
 ��� ���� � � ���� ����

J����S�K��� 
 ��� ���� � � ���� ����

J����S�K������� 
 ���������� � ���� ����

J����S��K� 
 ��� ���� � � ���� ����

J����S�K ����	�� 
 ��� ���� � � ���� ����

J����S��� 
 ��� ���� � � ���� ����

J����S�� � ��� � ���� CL���� ����

J����S����� 
 ��� ���� � � ���� ����

J����S��� 
 ��� ���� � � ���� ����

J����S�� � ��� � ���� CL���� ����

J����S�� � ��� � ���� CL���� ����

J����S������� � ��� � ���� CL���� ����

J����S�K����� 
 ��� ���� � � ���� ����

J����S�K��� 
 ��� ���� � � ���� ����

J����S�K��������� 
 � �� � � ���� ����

J����S�K����������� 
 ��� ���� � � ���� ����

J����S�pp � ��� � ���� CL���� ���

���S�K� 
 ��� ���� � � ���� ����

���S�K��� � � � ���� CL���� ����

���S�K������� 
 ��� ���� � � ���� ����

�c���P�K
� � ��� � ���� CL���� ����
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The branching fraction measurements are for an admixture of B mesons at
the �
�S�� The values quoted assume that B
�
�S� � BB� � �����

For inclusive branching fractions	 e�g�� B � D� anything	 the values
usually are multiplicities	 not branching fractions� They can be greater
than one�

B modes are charge conjugates of the modes below� Reactions indicate
the weak decay vertex and do not include mixing�

Scale factor p
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These measurements are for an admixture of bottom particles at high
energy �LEP� Tevatron� SppS��
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The branching fraction measurements are for an admixture of B mesons
and baryons at energies above the �
�S�� 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 � D� anything	 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 p

b DECAY MODESb DECAY MODESb DECAY MODESb DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�
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PRODUCTION FRACTIONSPRODUCTION FRACTIONSPRODUCTION FRACTIONSPRODUCTION FRACTIONS

The production fractions for weakly decaying b�hadrons at high energy
have been calculated from the best values of mean lives	 mixing parame�
ters	 and branching fractions in this edition by the Heavy Flavor Averaging
Group 
HFAG� as described in the note �B��B� Mixing� in the B� Particle
Listings� Values assume

B
b � B�� � B
b � B��

B
b � B�� � B
b � B�� �B
b � B�
s
� � B
b � b �baryon� � ��� ��

The notation for production fractions varies in the literature 
fd 	 dB� 	

f 
b � B��	 Br
b � B���� We use our own branching fraction notation

here	 B
b � B���

B� 
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�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes
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B
�B
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B
�B
� I �JP � � �

� ��
��

I � J � P need con�rmation� Quantum numbers shown are quark�model
predictions�

Mass mB� � ���	 � 	�� MeV

mB� � mB � ���� � 	�� MeV

B� DECAY MODESB� DECAY MODESB� DECAY MODESB� DECAY MODES Fraction 
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MeVc�
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These branching fractions all scale with B
b � B�
s
�	 the LEP B�

s
pro�

duction fraction� The �rst four were evaluated using B
b � B�
s
� �


���� � ����� and the rest assume B
b � B�
s
� � ����

The branching fraction B
B�
s
� D�

s
�� ��anything� is not a pure mea�

surement since the measured product branching fraction B
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s
� �

B
B�
s
� D�

s
�� �� anything� was used to determine B
b � B�

s
�	 as

described in the note on �Production and Decay of b�Flavored Hadrons��

For inclusive branching fractions	 e�g�� B � D� anything	 the values
usually are multiplicities	 not branching fractions� They can be greater
than one�
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�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes�B � � weak neutral current �B�� modes
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The following quantities are not pure branching ratios� rather the fraction
�i � � B
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�S� DECAY MODES�
�S� DECAY MODES�
�S� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

���S�anything 
���� ���� � � ���

���S����� 
 ��� ���� � � S���� ���

���S����� 
 ���������� � ���

���S�	 	 
 ��� ���� � � ���

���S����� 
 ���������� � ���

���S����� 
 ���������� � ���

���S�� � ��� � ���� CL���� ���


�
� 
 ���������� � ����

e� e� seen ����

Radiative decaysRadiative decaysRadiative decaysRadiative decays

	�b���P� 
���� ���� � � S���� ��

	�b���P� 
���� ���� � � ���

	�b���P� 
 ��� ���� � � S���� ���

���S����S����S����S�
or �����	��or �����	��or �����	��or �����	��

IG �JPC � � 	������

Mass m � �	��		 � 	�		� GeV

Full width � � �	 � � MeV

�ee � 	���� � 	�	�� keV �S � ����

p

�
�S� DECAY MODES�
�S� DECAY MODES�
�S� DECAY MODES�
�S� DECAY MODES Fraction 
�i �� Con�dence level 
MeVc�

BB  �� � ��� ���

non�BB � � � ��� �
e� e� 
 ��������� ���� ����

J����S�anything � ��� � ���� ��� �
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D�� anything 
 c�c� � ��� � ��� ����

�anything � ��� � ���� ��� ����

���S�anything � � � ���� ��� ����

���S����� � ��� � ���� ��� ����

���S����� � ��� � ���� ��� ���

��
�������
�������
�������
����� IG �JPC � � 	������

Mass m � �	��� � 	�		� GeV �S � ����

Full width � � ��	 � �� MeV

�ee � 	��� � 	�	� keV �S � ����

�
������ DECAY MODES�
������ DECAY MODES�
������ DECAY MODES�
������ DECAY MODES Fraction 
�i �� p 
MeVc�

e� e� 
��������� ���� ����

��

������

������

������

���� IG �JPC � � 	������

Mass m � ���	�� � 	�		� GeV

Full width � � �� � �� MeV

�ee � 	���	 � 	�	�	 keV

�
������ DECAY MODES�
������ DECAY MODES�
������ DECAY MODES�
������ DECAY MODES Fraction 
�i �� p 
MeVc�

e� e� 
��������� ���� ����

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� de�ned as S �
p
����N � ��� where

N is the number of measurements used in calculating the quantity� We
do this when S � �� which often indicates that the measurements are incon�
sistent� When S � ���� 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 ��body decay� p is
the momentum of each decay product in the rest frame of the decaying
particle� For a ��or�more�body decay� p is the largest momentum any of the
products can have in this frame�

�a� See the �Note on �� � ��� 	 and K� � ��� 	 Form Factors in the
�� Particle Listings for de�nitions and details�

�b� Measurements of ��e��e ����

� ��� always include decays with 	�s� and

measurements of ��e� �e 	� and ��

� �� 	� never include low�energy 	�s�

Therefore� since no clean separation is possible� we consider the modes
with 	�s to be subreactions of the modes without them� and let ���e� �e �

 ��
� ������total � �		��

�c � See the �� 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 �	���� see
the �� Particle Listings�

�f � Due to a new measurement in the average� this is 	�� MeV larger than
the mass we gave in our �		� edition� ����	 � 	��� MeV�

�g � Due to removing an old measurement from the average� this is 	��� keV
larger than the width we gave in our �		� edition� ���� � 	��� keV� See
the ���	� data block in the Data Listings�

�h� C parity forbids this to occur as a single�photon process�

�i � See the �Note on scalar mesons in the f�����	� Particle Listings � The
interpretation of this entry as a particle is controversial�

�j � See the �Note on ����	� in the ����	� Particle Listings �

�k � The �� interference is then due to �� mixing only� and is expected to
be small� If e 
 universality holds� ���� � 
�
�� � ���� � e� e��
� 	������

�l � See the �Note on scalar mesons in the f�����	� Particle Listings �

�m� See the �Note on a�����	� in the a�����	� 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�qq mesons in the Particle Listings �see the index
for the page number��

�p� See the �Note on the ����	� in the ����	� Particle Listings�

�q� See the �Note on the f�����	� in the ����	� Particle Listings�

�r � See also the ����	� Particle Listings�

�s� See the �Note on the ����	� and the ����		� in the ����		� Particle
Listings�

�t� See also the �����	� Particle Listings�

�u� See the �Note on f�����	� in the f�����	� Particle Listings �

�v � See the note in the K� Particle Listings�

�w � The de�nition of the slope parameter g of the K � �� Dalitz plot is as
follows �see also �Note on Dalitz Plot Parameters for K � �� Decays 
in the K� Particle Listings��

�
�M

�
�� � � 
 g �s� � s���m

�
��


 � � � �
�x � For more details and de�nitions of parameters see the Particle Listings�

�y � 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 ���� ����
�
��
�
��

�
�m

K�
L

� m
K�
S

�
�� and

�
K�
S

� as described in the introduction to �Tests of Conservation Laws� 

�ee� The CP�violation parameters are de�ned as follows �see also �Note on
CP Violation in KS � �� and �Note on CP Violation in K�

L Decay 
in the Particle Listings��

��� �
�
����

�
�ei��� �

A�K�
L � �����

A�K�
S � �����

� � 
 ��

��� �
�
����

�
�ei��� �

A�K�
L � �����

A�K�
S � �����

� � � ���

� �
��K�

L � �� ���� � ��K�
L � �� ����

��K�
L � �� ���� 
 ��K�

L � �� ����
�

Im������
� �

��K�
S � �������CP viol�

��K�
L � �������

�

Im������
� �

��K�
S � �������

��K�
L � �������

�

where for the last two relations CPT is assumed valid� i
e
� Re������ �
	 and Re������ � 	�

�� � 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������ � ���� to a very good approximation provided the phases satisfy
CPT invariance�

�ii � See the K�
L Particle Listings for the energy limits used in this measure�

ment�

�jj � 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�

�ll � See the �Note on f�����	� in the f�����	� Particle Listings and in the
���� edition�

�mm� See the note in the L����	� Particle Listings in Reviews of Modern
Physics ���� No� � Pt� II ������� p� S�		� See also the �Note on K�����	�
and the K�����	� in the K�����	� Particle Listings �

�nn� See the �Note on K�����	� and the K�����	� in the K�����	� Particle
Listings �

�oo� This result applies to Z� � c c decays only� Here �� is an average �not
a sum� of e� and 
� decays�

�pp� This is a weighted average of D� ����� and D� ���� branching frac�
tions� See �D� andD� � �� anything� � �total D� and D�� under
�D� Branching Ratios in the Particle Listings�

�qq� This value averages the e� and 
� branching fractions� after making a
small phase�space adjustment to the 
� 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�
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�ss� The branching fraction for this mode may di"er from the sum of the
submodes that contribute to it� due to interference e"ects� 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 ���� decays of the intermediate resonance�
because branching fractions of this resonance are not known�

�vv � Unseen decay modes of the resonance are included�

�ww � This mode is not a useful test for a �C�� weak neutral current because
both quarks must change !avor in this decay�

�xx � This D�
��D�

� limit is inferred from the D��D� mixing ratio ��K��� �via

D��� � ��K���� near the end of the D� Listings�

�yy � The exclusive e� modes K� e��e � K��� e� �e � K��� e��e and
�� e� �e 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 e��e and X 
���
branching fractions� This is the average� not the sum�

�ccc � This branching fraction includes all the decay modes of the �nal�state
resonance�

�ddd � This value includes only K�K� decays of the intermediate resonance�
because branching fractions of this resonance are not known�

�eee� B� and B�
s contributions not separated� Limit is on weighted average of

the two decay rates�

��f � These values are model dependent� See #Note on Semileptonic Decays�
in the B� Particle Listings�

�ggg � D�� stands for the sum of the D�� �P��� D��
�P��� D��

�P��� D��
�P���

D�� �S��� and D�� �S�� resonances�

�hhh� D
��D
�� stands for the sum of D�D�� D�D� DD�� and DD�

�iii � Inclusive branching fractions have a multiplicity de�nition and can be
greater than �		��

�jjj � Dj represents an unresolved mixture of pseudoscalar and tensor D�� �P�
wave� states�

�kkk � Not a pure measurement� See note at head of B�
s Decay Modes�

�lll � Includes pp����	 and excludes pp�� pp�� pp���

�mmm�JPC known by production in e� e� via single photon annihilation� IG

is not known� interpretation of this state as a single resonance is unclear
because of the expectation of substantial threshold e"ects 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 qq quark�model assignments in the Quark Model section�

� Indicates particles that appear in the preceding Meson Summary Table� We do not regard the other entries as being established�

y Indicates that the value of J given is preferred� but needs con�rmation�

LIGHT UNFLAVORED
�S � C � B � ��

IG �JPC � IG �JPC �

� �� ���	��

� �� ���	�
�

� � 	
�	� 
�

� f���		� 	
�	 
 
�

� ����	� �
�����

� ����� 	������

� ������� 	
�	� 
�
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�
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Further States

STRANGE
�S � ��� C � B � ��

I�JP�

� K� ���	��

� K � ���	��

� K �

S
���	��

� K �

L
���	��

K �

�
��		� ���	
�

� K ����� ������

� K����	� ����
�

� K����		� ����
�

� K �����	� ������

� K �

�
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� K �
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�
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�

� K �����	� ������
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� K �
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K �
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K���		� ������

K ���		� �������

CHARMED
�C � ���
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� D��		��� ������
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s
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�
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� B� ���	��

� B� ���	��
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� B��B��B�

s
�b�baryon AD�
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Vcb and Vub CKM Matrix
Elements
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J
����� �����

BOTTOM� STRANGE
�B � ��� S � ���
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s
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s
	����
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BOTTOM� CHARMED
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� B�
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� �c���P� 	
�	 
 
�

� �c���P� 	
�� 
 
�

hc ��P� �������

� �c���P� 	
� 
 
�

�c �S� 	
�	� 
�
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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 ��
or ��star status are included in the main Baryon Summary Table� Due to insu�cient 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� 	� and 
 resonances� the
partial wave is indicated by the symbol L�I ��J � where L is the orbital angular momuntum �S� P� D� � � ��� I is the isospin� and J is the total
angular momentum� For � and � resonances� the symbol is LI ��J �

p P�� 

n P�� 
N������ P�� 

N������ D�� 

N������ S�� 

N������ S�� 

N������ D�� 

N������ F�� 

N������ D�� 

N������ P�� 

N������ P�� 

N������ P�� 

N������ F�� 

N������ F�� 

N������ D�� 

N������ S�� 

N������ P�� 

N������ G�� 

N������ D�� 

N������ H�� 

N������ G�� 

N������ I���� 

N������ K���� 

������� P�� 

������� P�� 

������� S�� 

������� D�� 

������� P�� 

������� S�� 

������� F�� 

������� P�� 

������� P�� 

������� D�� 

������� D�� 

������� F�� 

������� F�� 

������� S�� 

������� G�� 

������� H�� 

������� D�� 

������� F�� 

������� G�� 

������� H���� 

������� I���� 

������� K���� 

�������� 

������� 

� P�� 

������� S�� 

������� D�� 

������� P�� 

������� S�� 

������� D�� 

������� S�� 

������� P�� 

������� F�� 

������� D�� 

������� P�� 

������� 

������� F�� 

������� G�� 

������� F�� 

������� D�� 

������� H�� 

������� 

�� P�� 

� � P�� 
�� P�� 

� ������ P�� 

� ������ 

� ������ 

� ������ D�� 

� ������ S�� 

� ������ P�� 

� ������ D�� 

� ������ 

� ������ S�� 

� ������ P�� 

� ������ D�� 

� ������ P�� 

� ������ P�� 

� ������ F�� 

� ������ D�� 

� ������ S�� 

� ������ F�� 

� ������ F�� 

� ������ P�� 

� ������ G�� 

� ������ 

� ������ 

� ������ 

� ������ 

� ������ 

� � P�� 

�� P�� 
� ������ P�� 

� ������ 

� ������ 

� ������ D�� 

� ������ 

� ������ 

� ������ 

� ������ 

� ������ 

� ������ 

�� 
�������� 

�������� 

�������� 

��
c



�c������
� 

�c������
� 

�c������
� 

�c������
� 

�c ������ 

�c ������ 

��

c


� �
c



� ��

c


� ��
c



�c������ 

�c������ 

�c������ 

��
c



��

cc


��
b



� �
b
� ��

b


 Existence is certain� and properties are at least fairly well explored�

 Existence ranges from very likely to certain� but further con�rmation is desirable and�or
quantum numbers� branching fractions� etc� are not well determined�

 Evidence of existence is only fair�

 Evidence of existence is poor�



��������

Baryon Summary Table

N BARYONSN BARYONSN BARYONSN BARYONS
�S � �� I � �����S � �� I � �����S � �� I � �����S � �� I � ����
p� N� � uud� n� N� � udd

pppp I �JP � � �
� ���

��

Mass m � �����	�
�

�� � ������������ u

Mass m � ���	�	� � ������� MeV �a�
�
�mp � mp

�
��mp � ���� ����� CL � ��� �b�

�
� qp
mp

�
���

qp
mp

� � ������������� � �������������
�
�qp � qp

�
��e � ���� ����� CL � ��� �b�

�
�qp � qe

�
��e � ���� ����� �c�

Magnetic moment � � 	���	����� � ���������	� �N
��p � �p�

�
�p � ��	�
 � 	���� ����

Electric dipole moment d � ����� ����� e cm

Electric polarizability � � ��	�� � ��
�� ���� fm�

Magnetic polarizability � � ���� � ����� ���� fm�

Charge radius � ����� � ����� fm

Mean life � � 	�� � ���	 years� CL � ��� �p � invisible

mode�

Mean life � � ���� to ���� years �d� �mode dependent�

See the 
Note on Nucleon Decay� in our �		� edition �Phys Rev D��D��D��D���
����� for a short review

The 
partial mean life� limits tabulated here are the limits on ��Bi � where
� is the total mean life and Bi is the branching fraction for the mode in
question For N decays� p and n indicate proton and neutron partial
lifetimes

Partial mean life p

p DECAY MODESp DECAY MODESp DECAY MODESp DECAY MODES ����� years� Con�dence level �MeV�c�

Antilepton � mesonAntilepton � mesonAntilepton � mesonAntilepton � meson
N � e�� � ��� �n�� � ���� �p� 	�� ��	

N � ��� � ��� �n�� � ��� �p� 	�� ���

N � � � � ��� �n�� � �� �p� 	�� ��	

p � e�	 � ��� 	�� ��	

p � ��	 � ��� 	�� �	�

n � � 	 � ��� 	�� ���

N � e�
 � ��� �n�� � �� �p� 	�� ���

N � ��
 � ��� �n�� � ��� �p� 	�� ���

N � � 
 � �	 �n�� � ��� �p� 	�� ���

p � e�� � ��� 	�� ���

p � ��� � ��� 	�� ���

n � � � � ��� 	�� ���

N � e�K � �� �n�� � ��� �p� 	�� ��	

p � e�K�
S � ��� 	�� ���

p � e�K�
L � �� 	�� ���

N � ��K � �� �n�� � ��� �p� 	�� ��	

p � ��K�
S � ��� 	�� ���

p � ��K�
L � �� 	�� ���

N � �K � �� �n�� � ��� �p� 	�� ��	

n � �K�
S � �� 	�� ���

p � e�K����	�� � �� 	�� ��

N � �K����	� � �� �n�� � �� �p� 	�� ��

Antilepton � mesonsAntilepton � mesonsAntilepton � mesonsAntilepton � mesons

p � e����� � �� 	�� ���

p � e����� � ��� 	�� ��	

n � e����� � �� 	�� ��	

p � ������ � ��� 	�� ���

p � ������ � ��� 	�� ���

n � ������ � �� 	�� ���

n � e�K��� � �� 	�� ��	

Lepton � mesonLepton � mesonLepton � mesonLepton � meson

n � e��� � �� 	�� ��	

n � ���� � �	 	�� ���

n � e�
� � �� 	�� ��	

n � ��
� � � 	�� ���

n � e�K� � �� 	�� ���

n � ��K� � �� 	�� ���

Lepton � mesonsLepton � mesonsLepton � mesonsLepton � mesons

p � e����� � �� 	�� ���

n � e����� � �	 	�� ��	

p � ������ � �� 	�� ���

n � ������ � �� 	�� ���

p � e���K� � �� 	�� ���

p � ����K� � ��� 	�� ��	

Antilepton � photon�s�Antilepton � photon�s�Antilepton � photon�s�Antilepton � photon�s�

p � e�� � ��� 	�� ��	

p � ��� � ��� 	�� ���

n � � � � �� 	�� ���

p � e�� � � ��� 	�� ��	

n � � � � � ��	 	�� ���

Three �or more� leptonsThree �or more� leptonsThree �or more� leptonsThree �or more� leptons

p � e� e� e� � �	� 	�� ��	

p � e����� � ��	 	�� ���

p � e�� � � �� 	�� ��	

n � e� e�� � ��� 	�� ���

n � �� e� � � �� 	�� ���

n � ���� � � �	 	�� ���

p � �� e� e� � ��	 	�� ���

p � ������ � ��� 	�� ��	

p � ��� � � �� 	�� ���

p � e����� � � 	�� ���

n � � � ������ 	�� ���

Inclusive modesInclusive modesInclusive modesInclusive modes
N � e� anything � ��� �n� p� 	�� �
N � �� anything � �� �n� p� 	�� �
N � e��� anything � ��� �n� p� 	�� �

�B � 	 dinucleon modes�B � 	 dinucleon modes�B � 	 dinucleon modes�B � 	 dinucleon modes

The following are lifetime limits per iron nucleus

pp � ���� � ��� 	�� �
pn � ���� � � 	�� �
nn � ���� � ��� 	�� �
nn � ���� � ��� 	�� �
pp � e� e� � ��� 	�� �
pp � e��� � ��� 	�� �
pp � ���� � ��� 	�� �
pn � e�� � ��� 	�� �
pn � ��� � ��� 	�� �
nn � �e �e � �������	 	�� �
pp � neutrinos � ������� 	�� �

p DECAY MODESp DECAY MODESp DECAY MODESp DECAY MODES

Partial mean life p

p DECAY MODES �years� Con�dence level �MeV�c�

p � e�� � �� ��� 	�� ��	

p � ��� � �� ��� 	�� ���

p � e��� � �� ��� 	�� ��	

p � ���� � �� ��� 	�� ���

p � e�	 � �� ��� 	�� ��	

p � ��	 � �� ��� 	�� �	�

p � e�K�
S � 	�� 	�� ���

p � ��K�
S � �� ��� 	�� ���

p � e�K�
L � 	� ��� 	�� ���

p � ��K�
L � �� ��� 	�� ���

p � e�� � � �� ��� 	�� ��	

p � ��� � � �� ��� 	�� ���

p � e�� � ��� 	�� ���
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Baryon Summary Table

nnnn I �JP � � �
� ���

��

Mass m � �����

����
 � �����������
 u

Mass m � ����
�
 � ������� MeV �a�

mn � mp � ��	��� � ��������� MeV

� ����������� � �����������
 u

Mean life � � ����� � ��� s

c� � 	�
��� ��� km

Magnetic moment � � �������	� � ��������� �N
Electric dipole moment d � ��
� ����� e cm� CL � ���

Mean�square charge radius
�
r�n
�

� �����
� � ����		

fm� �S � ���

Electric polarizability � � ����
 � ����� ���� fm�

Magnetic polarizability � � ��� � 	���� ���� fm�

Charge q � ����� � ����� ����� e

Mean nn�oscillation time � ��
� ��� s� CL � ��� �free n�

Mean nn�oscillation time � ������ s� CL � ��� �e� �bound n�

Decay parametersDecay parametersDecay parametersDecay parameters �f �

pe��e  � gA � gV � ���	
�� � ����	� �S � 	���

� A � ������ � ����� �S � 	��

� B � ���� � �����

� a � ����� � �����

� �AV � ������� � ������ �g �

� D � ����
 � ����� ����

p

n DECAY MODESn DECAY MODESn DECAY MODESn DECAY MODES Fraction ��i ��� Con�dence level �MeV�c�

pe��e ��� � �

pe��e � �h� � ��	� ���� 	�� �

Charge conservation �Q� violating modeCharge conservation �Q� violating modeCharge conservation �Q� violating modeCharge conservation �Q� violating mode

p�e �e Q � � � ����� ��� �

N������ P��N������ P��N������ P��N������ P�� I �JP � � �
� ���

��

Breit�Wigner mass � ��� to ���� �� ����� MeV

Breit�Wigner full width � 	�� to ��� �� ��� MeV

pbeam � ��
� GeV�c ����� � ��� mb

Re�pole position� � ��� to ��� �� �
�� MeV

�	Im�pole position� � �
� to 	
� �� 	��� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � �	�

N �� ����� � ���

�� ����� � ���

N 
 �� � y

N ��� �I��S�wave ���� � �

p� ����������� � ���

p� � helicity���	 ����������� � ���

n� ����	������ � ���

n� � helicity���	 ����	������ � ���

N���	�� D��N���	�� D��N���	�� D��N���	�� D�� I �JP � � �
� ���

��

Breit�Wigner mass � ���� to ��� �� ��	�� MeV

Breit�Wigner full width � ��� to �� �� �	�� MeV

pbeam � ���� GeV�c ����� � 	�� mb

Re�pole position� � ���� to ���� �� ����� MeV

�	Im�pole position� � ��� to �	� �� ���� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � ���

N 	 ���������� ���� ���

N �� ����� � ���

�� ����� � ���

N 
 ����� � y

N ��� �I��S�wave �� � �

p� ��������� � ���

p� � helicity���	 ����������� � ���

p� � helicity��	 ��������� � ���

n� ��������� � ���

n� � helicity���	 ��������� � ���

n� � helicity��	 ��������� � ���

N���
�� S��N���
�� S��N���
�� S��N���
�� S�� I �JP � � �
� ���

��

Breit�Wigner mass � ��	� to ���� �� ���� MeV

Breit�Wigner full width � ��� to 	�� �� ���� MeV

pbeam � ���
 GeV�c ����� � 		�� mb

Re�pole position� � ���� to ���� �� ����� MeV

�	Im�pole position� � �� to 	�� �� ���� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � ���

N 	 ����� � ���

N �� ���� � ���

�� �� � ���

N 
 �� � y

N ��� �I��S�wave �� � �

N������� �� � y

p� ��������� � ���

p� � helicity���	 ��������� � ���

n� ���������	 � ���

n� � helicity���	 ���������	 � ���

N������ S��N������ S��N������ S��N������ S�� I �JP � � �
� ���

��

Breit�Wigner mass � �
�� to �
�� �� �
��� MeV

Breit�Wigner full width � ��� to ��� �� ���� MeV

pbeam � ���
 GeV�c ����� � �
�� mb

Re�pole position� � �
�� to �
�� �� �

�� MeV

�	Im�pole position� � ��� to ��� �� �
�� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ���	� � ���

N 	 ���� � ���

�K ���� � ��	

N �� ����� � ���

�� ��� � ���

N 
 ���� � y

N ��� �I��S�wave �� � �

N������� �� � ���

p� ��������� � ���

p� � helicity���	 ��������� � ���

n� ���������� � ���

n� � helicity���	 ���������� � ���

N������ D��N������ D��N������ D��N������ D�� I �JP � � �
� ���

��

Breit�Wigner mass � �
�� to �
�� �� �
��� MeV

Breit�Wigner full width � ��� to ��� �� ���� MeV

pbeam � ���� GeV�c ����� � ���� mb

Re�pole position� � �
�� to �

� �� �

�� MeV

�	Im�pole position� � �	� to ��� �� ���� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � ���

N 	 ��������� � ���

�K �� � ���

N �� ����� � ���

�� ����� � ���

N 
 � ��� � y

p� ����������� � ���

p� � helicity���	 ��������� � ���

p� � helicity��	 ��������� � ���

n� ��������� � ���

n� � helicity���	 ����������� � ���

n� � helicity��	 ��������� � ���
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N������ F��N������ F��N������ F��N������ F�� I �JP � � �
� ���

��

Breit�Wigner mass � �
�� to �
�� �� �
��� MeV

Breit�Wigner full width � �	� to ��� �� ��� MeV

pbeam � ���� GeV�c ����� � ���	 mb

Re�pole position� � �

� to �
�� �� �
��� MeV

�	Im�pole position� � ��� to �� �� �	�� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � ���

N 	 ��������� � ���

N �� ����� � ���

�� ���� � ���

N 
 ���� � y

N ��� �I��S�wave ���� � �

p� ��������� � ���

p� � helicity���	 ����������� � ���

p� � helicity��	 ��������� � ���

n� ����������� � ���

n� � helicity���	 ����������	 � ���

n� � helicity��	 ���������� � ���

N������ D��N������ D��N������ D��N������ D�� I �JP � � �
� ���

��

Breit�Wigner mass � �
�� to ���� �� ����� MeV

Breit�Wigner full width � �� to ��� �� ���� MeV

pbeam � ���� GeV�c ����� � ���� mb

Re�pole position� � �
� to ��� �� �
��� MeV

�	Im�pole position� � �� to ��� �� ���� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ���� � ���

N 	 ��������� � ���

�K �� � ���

N �� ���	� � ���

N 
 ��� � y

p� ��������� � �	�

p� � helicity���	 ��������� � �	�

p� � helicity��	 ����������� � �	�

n� ��������� � �	�

n� � helicity���	 �������	 � �	�

n� � helicity��	 ��������� � �	�

N������ P��N������ P��N������ P��N������ P�� I �JP � � �
� ���

��

Breit�Wigner mass � �
�� to ���� �� ����� MeV

Breit�Wigner full width � �� to 	�� �� ���� MeV

pbeam � ���� GeV�c ����� � ���	 mb

Re�pole position� � �
�� to ���� �� ��	�� MeV

�	Im�pole position� � �� to �� �� 	�� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � ���

N 	 � �������� � ���

N� ���������� � y

�K ���� � ��	

N �� ���	� � ���

�� ����� � �	�

N 
 ���� � y

N ��� �I��S�wave ����� � �

p� ����������� �	�

p� � helicity���	 ����������� �	�

n� ��������� �	�

n� � helicity���	 ��������� �	�

N���	�� P��N���	�� P��N���	�� P��N���	�� P�� I �JP � � �
� ���

��

Breit�Wigner mass � �
�� to ���� �� ��	�� MeV

Breit�Wigner full width � ��� to 	�� �� ���� MeV

pbeam � ���� GeV�c ����� � ��� mb

Re�pole position� � �
�� to ���� �� ����� MeV

�	Im�pole position� � ��� to �� �� 	��� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � �	�

N 	 ��������� � ���

�K ���� � ���

N �� ��� � ���

N 
 ����� � ��

p� ���������� � ���

p� � helicity���	 ���������� � ���

p� � helicity��	 ���������� � ���

n� ���������	 � ���

n� � helicity���	 ��������� � ���

n� � helicity��	 ���������	 � ���

N�	���� G��N�	���� G��N�	���� G��N�	���� G�� I �JP � � �
� ���

��

Breit�Wigner mass � 	��� to 		�� �� 	���� MeV

Breit�Wigner full width � �� to ��� �� ���� MeV

pbeam � 	��� GeV�c ����� � 
�	� mb

Re�pole position� � ���� to 	��� �� 	���� MeV

�	Im�pole position� � �� to ��� �� ���� MeV

N���	�� DECAY MODESN���	�� DECAY MODESN���	�� DECAY MODESN���	�� DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � ���

N 	 ��������� � �	�

N�			�� H��N�			�� H��N�			�� H��N�			�� H�� I �JP � � �
� �	�

��

Breit�Wigner mass � 	��� to 	�� �� 			�� MeV

Breit�Wigner full width � 	� to ��� �� ���� MeV

pbeam � 	��� GeV�c ����� � ���� mb

Re�pole position� � 	��� to 		�� �� 	���� MeV

�	Im�pole position� � �� to ��� �� ���� MeV

N������ DECAY MODESN������ DECAY MODESN������ DECAY MODESN������ DECAY MODES Fraction ��i ��� p �MeV�c�

N � ����� � 	��

N�		��� G��N�		��� G��N�		��� G��N�		��� G�� I �JP � � �
� �	�

��

Breit�Wigner mass � 	��� to 	�� �� 		��� MeV

Breit�Wigner full width � 	�� to ��� �� ���� MeV
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� ��� � ��� �� ���� ���

��K�K�nonresonant � � � ���� CL�	�� ���

� �K� � ��	 � ��� �� ���� ���
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p anything �no �� ��� ��	 � � �
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�C � � weak neutral current �C�� modes� or�C � � weak neutral current �C�� modes� or�C � � weak neutral current �C�� modes� or�C � � weak neutral current �C�� modes� or
Lepton number �L� violating modesLepton number �L� violating modesLepton number �L� violating modesLepton number �L� violating modes
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c
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JP has not been measured� �
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� is the quark�model prediction�
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 � ��� MeV �S � ��	�
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�c �	������� �� 	�� ���
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� is the quark�model prediction�
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� is the only strong decay allowed to a �c having this mass
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No absolute branching fractions have been measured�No absolute branching fractions have been measured�No absolute branching fractions have been measured�No absolute branching fractions have been measured�

The following are branching ratios relative to �������The following are branching ratios relative to �������The following are branching ratios relative to �������The following are branching ratios relative to �������
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BOTTOM BARYONSBOTTOM BARYONSBOTTOM BARYONSBOTTOM BARYONS
�B � ����B � ����B � ����B � ���

��b � ud b� � �
b � u s b� ��

b
� d s b

��
b
��
b
��
b
��
b

I �JP � � ����
��

I �JP � not yet measured� ����
�� is the quark model prediction�

Mass m � �
	� � � MeV �S � ����

Mean life � � ���		� � ������� ����� s

c� � 
� �m

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 e�ciencies They scale with the LEP
b�baryon production fraction B�b � b �baryon� and are evaluated for our
value B�b � b �baryon� � �	�	 � �����

The branching fractions B�b �baryon � ��� �� anything� and B���
b
�

��
c
�� �� anything� 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�
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Mean life � � ���	�� � ������� ����� s

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 e�ciencies They scale with the LEP
b�baryon production fraction B�b � b �baryon� and are evaluated for our
value B�b � b �baryon� � �	�	 � �����

The branching fractions B�b �baryon � ��� �� anything� and B���
b
�

��
c
�� �� anything� 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 MODESb�baryon ADMIXTURE DECAY MODESb�baryon ADMIXTURE DECAY MODESb�baryon ADMIXTURE DECAY MODES

��b ��b ��b ��b���b ��b ��b ��b���b ��b ��b ��b���b ��b ��b ��b� Fraction ��i ��� p �MeV�c�

p��� anything � ��	� ���
� ���� � �

p ��� anything � ���� ���� � �
p anything ��� ��� � � �
����� anything � ���� ���� � �
���anything ��� � � � � �
�� ���� anything � ���� ����� ���� �

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 � 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 � Resonances and the Note on � 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� de�ned as S �
p
����N � ��� where N

is the number of measurements used in calculating the quantity� We do this
when S � �� which often indicates that the measurements are inconsistent�
When S � ��	�� 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 	�body decay� p is
the momentum of each decay product in the rest frame of the decaying particle�
For a �or�more�body decay� p is 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 ��y�� 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 �uni�ed
atomic mass units�� The conversion factor to MeV� � u � ���������
�������� 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

��qp�mp

����qp�mp��

�c � The limit is from neutrality�of�matter experiments� it assumes qn � qp �
qe � See also the charge of the neutron�

�d � The �rst 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 � p � ���

yr� the cosmic�ray storage time� but this limit depends on a number of
assumptions� The best direct observation of stored antiprotons gives
� p�B�p � e��� � �� ��� yr�

�e� There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons �from which the
best limit comes�� The �rst limit here is from reactor experiments with
free neutrons�

�f � The parameters gA� gV � and gWM for semileptonic modes are de�ned by
B f ��	�gV � gA��� � i�gWM�mBi

� �	� q� �Bi � and �AV is de�ned by

gA�gV �
�
�gA�gV

�
�ei
AV � See the �Note on Baryon Decay Parameters�

in the neutron Particle Listings�

�g � Time�reversal invariance requires this to be �� or �����

�h� This limit is for � energies between � and ��� keV�

�i � The decay parameters � and � are calculated from � and � using

� �
p

���� cos� � tan� � �
�
�

p
���� sin� �

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�

�l � A theoretical value using QED�

�m� See the note on ���
c

Branching Fractions� in the ��
c

Particle Listings�

�n� This branching fraction includes all the decay modes of the �nal�state
resonance�

�o� An � indicates an e or a � 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 ��
c
�����

�r � A test that the isospin is indeed �� so that the particle is indeed a ��
c

�

�s� No absolute branching fractions have been measured� The following are
branching ratios relative to �������

�t� Not a pure measurement� See note at head of ��b Decay Modes�
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SEARCHES FORSEARCHES FORSEARCHES FORSEARCHES FOR

MONOPOLES�MONOPOLES�MONOPOLES�MONOPOLES�

SUPERSYMMETRY�SUPERSYMMETRY�SUPERSYMMETRY�SUPERSYMMETRY�

TECHNICOLOR�TECHNICOLOR�TECHNICOLOR�TECHNICOLOR�

COMPOSITENESS�COMPOSITENESS�COMPOSITENESS�COMPOSITENESS�

EXTRA DIMENSIONS� etc�EXTRA DIMENSIONS� etc�EXTRA DIMENSIONS� etc�EXTRA DIMENSIONS� etc�

Magnetic Monopole SearchesMagnetic Monopole SearchesMagnetic Monopole SearchesMagnetic Monopole Searches

Isolated supermassive monopole candidate events have not been con�
�rmed� The most sensitive experiments obtain negative results�

Best cosmic�ray supermassive monopole �ux limit�

� ���� ����� cm��sr��s�� for ���� ���� � � � ���

Supersymmetric Particle SearchesSupersymmetric Particle SearchesSupersymmetric Particle SearchesSupersymmetric Particle Searches

Limits are based on the Minimal Supersymmetric Standard Model�

Assumptions include� �� e��
�
�or e�� is lightest supersymmetric particle	


�R�parity is conserved	 ��With the exception of et and eb� all scalar
quarks are assumed to be degenerate in mass and m

eqR
 m

eqL
� �� Limits

for sleptons refer to the e�R states�

See the Particle Listings for a Note giving details of supersymmetry�

e��i � neutralinos �mixtures of e�� eZ�� and eH�
i �

Mass m
e�
�

�

� �� GeV� CL  ��� �all tan�� all �m�� all m��

Mass m
e�
�

�

� �
�� GeV� CL  ���

���tan� ���� all m�� all m
e�
�

�

� m
e�
�

�

�

Mass m
e�
�

�

� ���� GeV� CL  ���

���tan� ���� all m�� all m
e�
�

�

� m
e�
�

�

�

e��
i
� charginos �mixtures of fW� and eH�

i
�

Mass m
e�
�

�

� �� GeV� CL  ���

�tan� � ��� m
e�
�

�

� m
e�
�

�

� � GeV� all m��

ee � scalar electron �selectron�

Mass m � �� GeV� CL  ��� �all m
eeR
�m

e�
�

�

�

e� � scalar muon �smuon�

Mass m � �� GeV� CL  ���

�� � tan� � ��� m
e�R
�m

e�
�

�

� �� GeV�

e� � scalar tau �stau�

Mass m � ���� GeV� CL  ���

�m
e�R
� m

e�
�

�

��� GeV� all 	� �

eq � scalar quark �squark�

These limits include the e�ects of cascade decays� evaluated
assuming a �xed value of the parameters � and tan�� The
limits are weakly sensitive to these parameters over much of
parameter space� Limits assume GUT relations between gaug�
ino masses and the gauge coupling�

Mass m � 
�� GeV� CL  ��� �tan�  
� � ��� A  ��

eb � scalar bottom �sbottom�

Mass m � �� GeV� CL  ��� �m
eb�
� m

e�
�

�

�� GeV� all 	b �

et � scalar top �stop�

Mass m � ���� GeV� CL  ���

�et � c e��
�
� all 	t � met

� m
e�
�

�

��� GeV�

eg � gluino

The limits summarised here refer to the high�mass region
�m

eg � � GeV�� and include the e�ects of cascade decays� eval�
uated assuming a �xed value of the parameters � and tan��
The limits are weakly sensitive to these parameters over much
of parameter space� Limits assume GUT relations between
gaugino masses and the gauge coupling�

Mass m � ��� GeV� CL  ��� �any m
eq�

Mass m � ��� GeV� CL  ��� �m
eq  m

eg �

TechnicolorTechnicolorTechnicolorTechnicolor

Searches for a color�octet techni�
 constrain its mass to be greater than

�� to ��� GeV� depending on allowed decay channels� Similar bounds
exist on the color�octet techni���

Quark and Lepton Compositeness�Quark and Lepton Compositeness�Quark and Lepton Compositeness�Quark and Lepton Compositeness�

Searches forSearches forSearches forSearches for

Scale Limits � for Contact InteractionsScale Limits � for Contact InteractionsScale Limits � for Contact InteractionsScale Limits � for Contact Interactions

�the lowest dimensional interactions with four fermions��the lowest dimensional interactions with four fermions��the lowest dimensional interactions with four fermions��the lowest dimensional interactions with four fermions�

If the Lagrangian has the form

�
g�

���
�L ���L�L �

��L

�with g��� set equal to ��� then we de�ne � � ��LL� For the

full de�nitions 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�

��
LL
�e e e e� � ��� TeV� CL  ���

��
LL
�e e e e� � ���� TeV� CL  ���

��
LL
�e e ��� � ��� TeV� CL  ���

��
LL
�e e ��� � ��� TeV� CL  ���

��
LL
�e e � �� � ��� TeV� CL  ���

��
LL
�e e � �� � ��� TeV� CL  ���

��LL������ � ��� TeV� CL  ���

��
LL
������ � ��� TeV� CL  ���

��
LL
�e e uu� � 
��� TeV� CL  ���

��
LL
�e e uu� � �
�� TeV� CL  ���

��
LL
�e e d d� � ���� TeV� CL  ���

��LL�e e d d� � 
��� TeV� CL  ���

��
LL
�e e c c� � ��� TeV� CL  ���

��LL�e e c c� � 
�� TeV� CL  ���

��
LL
�e e bb� � ��� TeV� CL  ���

��
LL
�e e bb� � ��� TeV� CL  ���

��
LL
���qq� � 
�� TeV� CL  ���

��
LL
���qq� � ��
 TeV� CL  ���

���� ��� � ���� TeV� CL  ���

��e � qq� � 
��� TeV� CL  ���

��
LL
�qqqq� � 
�� TeV� CL  ���

��
LL
�qqqq� � 
�� TeV� CL  ���

��
LL
�� � qq� � ��� TeV� CL  ���

��
LL
�� � qq� � ��� TeV� CL  ���
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Excited LeptonsExcited LeptonsExcited LeptonsExcited Leptons

The limits from ��� ��� do not depend on � �where � is the
��� transition coupling�� The ��dependent limits assume chiral
coupling�

e�� � excited electron

Mass m � ����
 GeV� CL  ��� �from e� e��

Mass m � 
�� GeV� CL  ��� �from e e��

Mass m � ��� GeV� CL  ��� �if ��  ��

��� � excited muon

Mass m � ����
 GeV� CL  ��� �from �����

Mass m � ��� GeV� CL  ��� �from ����

��� � excited tau

Mass m � ����
 GeV� CL  ��� �from �� ���

Mass m � ��� GeV� CL  ��� �from � ���

�� � excited neutrino

Mass m � ��
�� GeV� CL  ��� �from �� ���

Mass m � ��� GeV� CL  ��� �from � ���

q� � excited quark

Mass m � ���� GeV� CL  ��� �from q� q��

Mass m � ���� none ������� GeV� CL  ��� �from q�X�

Color Sextet and Octet ParticlesColor Sextet and Octet ParticlesColor Sextet and Octet ParticlesColor Sextet and Octet Particles

Color Sextet Quarks �q��

Mass m � �� GeV� CL  ��� �Stable q��

Color Octet Charged Leptons ����

Mass m � �� GeV� CL  ��� �Stable ���

Color Octet Neutrinos ����

Mass m � ��� GeV� CL  ��� ��� � � g �

Extra DimensionsExtra DimensionsExtra DimensionsExtra Dimensions

Please refer to the Extra Dimensions section of the full Review for
a discussion of the model�dependence of these bounds� and further
constraints�

Constraints on the fundamental gravity scaleConstraints on the fundamental gravity scaleConstraints on the fundamental gravity scaleConstraints on the fundamental gravity scale

MH � ��� TeV� CL  ��� �dim�� operators	 pp � e� e�� � ��

MD � ��� TeV� CL  ��� �e� e� � G �	 
��at dimensions�

MD � ������ TeV �astrophys� and cosmology	 
��at dimensions	

limits depend on technique and assumptions�

Constraints on the radius of the extra dimensions�Constraints on the radius of the extra dimensions�Constraints on the radius of the extra dimensions�Constraints on the radius of the extra dimensions�
for the case of two��at dimensions of equal radiifor the case of two��at dimensions of equal radiifor the case of two��at dimensions of equal radiifor the case of two��at dimensions of equal radii

r � ������ nm �astrophysics	 limits depend on technique and

assumptions�

r � ��

 mm� CL  ��� �direct tests of Newton�s law	 cited

in Extra Dimensions review�
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TESTS OF CONSERVATION LAWS

Updated February ���� 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 di�erences� 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 bene�t of Booklet readers� we include the best limits

from the Table in the following text� Limits in this text are for

CL���	 unless otherwise speci�ed� 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 �avor� 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 �eld theory require invari�

ance under the combined transformation CPT � 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 di�erence between K� and K
�
� Any

such di�erence contributes to the CP �violating parameter ��

Assuming CPT invariance� ��� the phase of � should be very

close to ���� �See the review �CP Violation in KL decay in

this edition�� In contrast� if the entire source of CP violation

in K� decays were a K� � K
�
mass di�erence� �� would be

��� � ����

Assuming that there is no other source of CPT violation

than this mass di�erence� it is possible to deduce that���

m
K
� �mK� �

��mK�

L
�mK�

S
� j�j � �

�
��� � �

�
��� � �SW�

sin�SW
�

where �SW � ������� ������� the superweak angle� Using our

best values of the CP �violation parameters� we get j�m
K
� �

mK���mK� j � ����� at CL���	� Limits can also be placed on

speci�c CPT �violating decay amplitudes� Given the small value

of ���j�������j�� the value of ������� provides a measure of

CPT violation in K�
L � �� decay� Results from CERN��� and

Fermilab��� indicate no CPT �violating e�ect�

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 j���j � jA�K�
L � ������A�K�

S

� �����j � ������ � ������ � ����� This could be explained

in terms of K��K
�
mixing� which also leads to the asymmetry

���K�
L � ��e������K�

L � ��e������sum� � �������������	�

Evidence for CP violation in the kaon decay amplitide comes

from the measurement of �� � j�������j��� � Re������ �

������ ������ ����� In the Standard Model much larger CP �

violating e�ects are expected� The �rst of these� which is

associated with B�B mixing� is the parameter sin���� now

measured quite accurately to be ����� � ������ A number of

other CP �violating observables are being measured in B decays

and preliminary results are available� Direct tests of T violation

are much more di�cult� a measurement by CPLEAR of the

di�erence between the oscillation probabilities of K� to K�

and K� to K� is related to T violation ���� Other searches

for CP or T violation involve e�ects 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 	 � � ����� e cm� and the electron

����� � ����� � ����� e 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 Le� muon number

L�� and tau number L� � except for the e�ect of neutrino mixing

associated with neutrino masses� Searches for violations are of

the following types


a� �L � � for one type of charged lepton� The best

limit comes from the search for neutrinoless double beta decay

�Z�A� � �Z � �� A� � e� � e�� The best laboratory limit is

t��� 
 ���� ���� yr �CL���	� for ��Ge�

b� Conversion of one charged�lepton type to another�

For purely leptonic processes� the best limits are on � � e�

and � � �e� measured as ���� e�������all� 	 ���� �����

and ��� � �e����� � all� 	 ��� � ������ For semileptonic

processes� the best limit comes from the coherent conver�

sion process in a muonic atom� ��� �Z�A� � e� � �Z�A��

measured as ����Ti � e�Ti������Ti � all� 	 � � ������

Of special interest is the case in which the hadronic �a�

vor also changes� as in KL � e� and K� � ��e����

measured as ��KL � e�����KL � all� 	 ��� � ����� and

��K� � ��e�������K� � all� 	 ��� � ������ Limits on

the conversion of  into e or � are found in  decay

and are much less stringent than those for � � e con�

version� e�g�� �� � ������ � all� 	 ��� � ���� and

�� � e����� � all� 	 ���� �����

c� Conversion of one type of charged lepton into

another type of charged antilepton� The case most studied

is �� � �Z�A� � e� � �Z � �� A�� the strongest limit being

����Ti� e�Ca������Ti� all� 	 ���� ������

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 �� e� are expected

to have extremely small unobservable probabilities� For small

neutrino masses� the lepton�number violation would be observed

�rst 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 �ux of neutrinos from

the sun measured via neutral current interactions and found it
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greater than the �ux of �e� This con�rms previous indications

of a de�cit of �e and can be explained by oscillations with

��m�� � ��������
����� � ���� eV�� Evidence for such oscillations

for reactor � 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

� de�ciency of upward going �� compared to downward� This

provides compelling evidence for �� disappearance� for which the

most probable explanation is �� � �� oscillations with nearly

maximal mixing and ��m�� of the order ������������� eV��

CONSERVATION OF HADRONIC FLAVORS
In strong and electromagnetic interactions� hadronic �a�

vor is conserved� i�e� the conversion of a quark of one �avor
�d� u� s� c� b� t� into a quark of another �avor 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� �S � �Q 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 ���� � ne�������� � all� 	 � � �����
and from a detailed analysis of KL � �e�� which yields the
parameter x� measured to be �Rex� Imx� � ������� � ������
������� �������� Corresponding rules are �C � �Q and �B
� �Q�

�b� Change of �avor by two units� In the Standard
Model this occurs only in second�order weak interactions� The

classic example is �S � � via K� � K
�
mixing� which is

directly measured by m�KL��m�KS� � �������������������

MeV� There is now evidence for B� � B
�
mixing ��B � ���

with the corresponding mass di�erence between the eigenstates
�mB�

H

�mB�
L

� � ������� �������B� � ������� ������� �����

MeV� and for B�
s�B

�

s mixing� with �mB�
sH
�mB�

sL
� 
 ���� �B�s or


 �����	 MeV �CL���	�� For D��D
�
mixingmD�

H
�mD�

L
	

�� ����� 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 �avor�

The low rate ��KL � ��������KL � all� � ����� � ����� �
���	 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 fromK� � �����
which occurs in the Standard Model only as a second�order

weak process with a branching fraction of ���� to �����������
Recent results� including observation of two events� yields

��K� � ��������K� � all� � ��������
��������������� Limits for

charm�changing or bottom�changing neutral currents are much

less stringent
 ��D� � ��������D� � all� 	 � � ���� and
��B� � ��������B� � all� 	 ���� ����� One cannot isolate

�avor�changing neutral current �FCNC� e�ects in non leptonic
decays� For example� the FCNC transition s � d � �u � 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�
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CHARGE CONJUGATION �C � INVARIANCECHARGE CONJUGATION �C � INVARIANCECHARGE CONJUGATION �C � INVARIANCECHARGE CONJUGATION �C � INVARIANCE

���� � �����total ����� ����� CL 	 
��

� C�nonconserving decay parameters

����� left�right asymmetry
parameter

����
 � ����� � ����

����� sextant asymmetry
parameter

����� � ����� � ����

����� quadrant asymmetry
parameter

������ � ����� � ����

��� � left�right asymmetry
parameter

���
 � ����� ����

��� � parameter � �D�wave� ����� � ���� �S 	 ����

��� � �����total ��� ����� CL 	 
��

��� � �� e e����total �a� ��� ����� CL 	 
��

��� � ��������total �a� ��� ����� CL 	 
��

�������� � ������total ��� ����� CL 	 
��

�������� � ������total ��� ����� CL 	 
��

�����
��� � �� e e����total �a� ����� ����� CL 	 
��

�����
��� � �e e����total �a� ����� ����� CL 	 
��

�����
��� � �����total ����� ����� CL 	 
��

�����
��� � ��������total �a� ����� ����� CL 	 
��

�����
��� � ��� ����total �a� ����� ����� CL 	 
��

PARITY �P� INVARIANCEPARITY �P� INVARIANCEPARITY �P� INVARIANCEPARITY �P� INVARIANCE

e electric dipole moment ����� � ����� � ����� e cm

� electric dipole moment ���� � ����� ����
 e cm

Re�d� � ����� to ���� � ����� e cm� CL 	

��

��� � ������total ����� ����� CL 	 
��

��� � �������total ����� ����� CL 	 
��

��� � ������total ���
� ����� CL 	 
��

�����
��� � ������total ��� ����� CL 	 
��

�����
��� � �������total �
� ����� CL 	 
��

p electric dipole moment ������ ����� e cm

n electric dipole moment ������ ����� e cm� CL 	 
��

� electric dipole moment ����� ����� e cm� CL 	 
��

TIME REVERSAL �T � INVARIANCETIME REVERSAL �T � INVARIANCETIME REVERSAL �T � INVARIANCETIME REVERSAL �T � INVARIANCE

Limits on e� �� � � p� n� and � electric dipole moments under Parity

Invariance above are also tests of Time Reversal Invariance�

� decay parameters

transverse e polarization normal to

plane of � spin� e momentum

����� � �����

	��A �� � �� � ����

���A �� � �� � ����

PT in K � ��� 
� ��� � ��� ����

PT in K � � 
�� ����� � ��
�� ����

Im��� in K � ��� 
� decay �from

transverse � pol��

������ � �����

asymmetry AT in K��K� mixing ���� � ����� ����

Im��� in K�
�� decay �from transverse � pol�� ������ � �����

n � pe� 
e decay parameters

�AV � phase of gA relative to gV �b� ������� � ������

triple correlation coe�cient D ����� � ����� ����
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��B � K e������total ����� ����� CL 	 
��

��B � K���
��e������total ����� ����� CL 	 
��

��B�
s
� e������total �i � ����� ����� CL 	 
��

��J����S� � e������total ����� ����� CL 	 
��

TOTAL LEPTON NUMBERTOTAL LEPTON NUMBERTOTAL LEPTON NUMBERTOTAL LEPTON NUMBER

Violation of total lepton number conservation also implies violation

of lepton family number conservation�

��Z � pe���total ����� ����� CL 	 
��

��Z � p����total ����� ����� CL 	 
��

limit on �� � e conversion

���� ��S � e��Si�� �

���� ��S � 
�
��P��

�
� ������ CL 	 
��

���� ���I � e���Sb�� �

���� ���I � anything�

��� ������ CL 	 
��

����Ti � eCa� �

����Ti � capture�

����� ������ CL 	 
��

���� � e�������total ���
� ����� CL 	 
��

���� � ��������total ����� ����� CL 	 
��

���� � e��K����total ����� ����� CL 	 
��

���� � eK�K����total ����� ����� CL 	 
��

���� � ���K����total ����� ����� CL 	 
��

���� � �K�K����total ����� ����� CL 	 
��

���� � p ����total ����� ����� CL 	 
��

���� � p�����total ����� ����� CL 	 
��

���� � p ������total ����� ����� CL 	 
��

���� � p ����total ���
� ����� CL 	 
��

���� � p�� ����total ����� ����� CL 	 
��

t���
� ��Ge � ��Se  � e� � ���
� ���� yr� CL 	 
��

��� � � 
e ���total �k� ����� ����� CL 	 
��

��K � ��� e���total ����� ������ CL 	 
��

��K � �� e e���total ����� ������ CL 	 
��

��K � �������total �k� ����� ���
� CL 	 
��

��K � � 
e ���total �k� ����� ����� CL 	 
��

��K � �� e 
e ���total ��� ����� CL 	 
��

��D � �� e e���total �
��� ����� CL 	 
��

��D � �������total ����� ����� CL 	 
��

��D � �� e����total ����� ����� CL 	 
��

��D � �������total ����� ����� CL 	 
��

��D � K� e e���total ����� ����� CL 	 
��

��D � K������total ����� ����� CL 	 
��

��D � K� e����total ����� ����� CL 	 
��

��D � K���
��������total ����� ����� CL 	 
��

��D� � ���� e e c�c����total ������ ����� CL 	 
��

��D� � ������ c�c����total ���
� ����� CL 	 
��

��D� � K��� e e c�c����total ������ ����� CL 	 
��

��D� � K����� c�c����total ���
� ����� CL 	 
��

��D� � K�K� e e c�c����total ������ ����� CL 	 
��

��D� � K�K��� c�c����total �
��� ����� CL 	 
��

��D� � ���� e� c�c����total ���
� ����� CL 	 
��

��D� � K��� e� c�c����total ������ ����� CL 	 
��

��D� � K�K� e� c�c����total ����� ����� CL 	 
��

��D
s
� �� e e���total ���
� ����� CL 	 
��

��D
s
� �������total ���
� ����� CL 	 
��

��D
s
� �� e����total ����� ����� CL 	 
��

��D
s
� K� e e���total ����� ����� CL 	 
��

��D
s
� K������total ����� ����� CL 	 
��

��D
s
� K� e����total ����� ����� CL 	 
��

��D
s
� K���
��������total ����� ����� CL 	 
��

��B � �� e e���total ����� ����� CL 	 
��

��B � �������total ����� ����� CL 	 
��

��B � �� e����total ����� ����� CL 	 
��

��B � �� e e���total ����� ����� CL 	 
��

��B � �������total ����� ����� CL 	 
��

��B � K� e e���total ����� ����� CL 	 
��

��B � K������total ����� ����� CL 	 
��

��B � K� e����total ����� ����� CL 	 
��

��B � K���
��� e e���total ����� ����� CL 	 
��

��B � K���
��������total ����� ����� CL 	 
��

���� � p�� �����total ��� ����� CL 	 
��

���
c
� �������total ����� ����� CL 	 
��

BARYON NUMBERBARYON NUMBERBARYON NUMBERBARYON NUMBER

��Z � pe���total ����� ����� CL 	 
��

��Z � p����total ����� ����� CL 	 
��

���� � p ����total ����� ����� CL 	 
��

���� � p�����total ����� ����� CL 	 
��

���� � p ������total ����� ����� CL 	 
��

���� � p ����total ���
� ����� CL 	 
��

���� � p�� ����total ����� ����� CL 	 
��

p mean life ����� ���
 years� CL 	 
��

A few examples of proton or bound neutron decay follow� For limits on many other nucleon
decay channels� see the Baryon Summary Table�

��N � e�� � ��� �n�� � ���� �p������ years�
CL 	 
��

��N � ��� � ��� �n�� � ��� �p� � ���� years�
CL 	 
��

��N � eK� � �� �n�� � ��� �p� � ���� years�
CL 	 
��

��N � �K� � �� �n�� � ��� �p� � ���� years�
CL 	 
��

limit on nn oscillations �free n� ������ ��� s� CL 	 
��

limit on nn oscillations �bound n� �l� ����� ��� s� CL 	 
��

ELECTRIC CHARGE �Q�ELECTRIC CHARGE �Q�ELECTRIC CHARGE �Q�ELECTRIC CHARGE �Q�

e � 
e � and astrophysical limits �m� ����� ���� yr� CL 	 
��

��n � p
e 
e ���total ��� ������ CL 	 ���

�S � �Q RULE�S � �Q RULE�S � �Q RULE�S � �Q RULE

Violations allowed in second�order weak interactions�

��K � �� e� 
e ���total ����� ����� CL 	 
��

��K � ���� 
����total ����� ����� CL 	 
��

x 	 A�K� � �� � 
��A�K� � �� � 
� 	 A��S	��Q��A��S	�Q�

real part of x ������ � �����

imaginary part of x ������ � ������

�
�
� � n � 


�
��

�
�� � n �� 


�
������

��� � ne 
e ���total ��� ����� CL 	 
��

��� � n� 
����total ����� ����� CL 	 
��

���� � �� e 
e ���total �
� ����� CL 	 
��

���� � ��� 
����total �
� ����� CL 	 
��

Unless otherwise stated� limits are given at the 
�� con�dence level� while errors are given
as �� standard deviation�
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Tests of Conservation Laws

�S � � FORBIDDEN�S � � FORBIDDEN�S � � FORBIDDEN�S � � FORBIDDEN

Allowed in second�order weak interactions�

���� � p�����total ��� ����� CL 	 
��

���� � pe� 
e ���total ����� ����

���� � p�� 
����total ����� ����

���� � n�����total ���
� ����� CL 	 
��

���� � ne� 
e ���total ����� ����� CL 	 
��

���� � n�� 
����total ����� ����� CL 	 
��

���� � p�������total ��� ����� CL 	 
��

���� � p�� e� 
e ���total ��� ����� CL 	 
��

���� � p���� 
����total ��� ����� CL 	 
��

���� � ������total ���
� ����� CL 	 
��

�S � � VIA MIXING�S � � VIA MIXING�S � � VIA MIXING�S � � VIA MIXING

Allowed in second�order weak interactions� e�g� mixing�

m
K�
L

� m
K�
S

�����
� � �������� ���� �h s�� �S
	 ����

m
K�
L

� m
K�
S

������ � ������ � ����� MeV

�C � � VIA MIXING�C � � VIA MIXING�C � � VIA MIXING�C � � VIA MIXING

Allowed in second�order weak interactions� e�g� mixing�

��m
D�
�

� m
D�
�

�� �n� ��� ���� �h s��� CL 	 
��

��
D�
�

� �
D�
�

��� 	 �y ����� � �����

��D� � K �� 
� �via D
�����total ����� ����� CL 	 
��

��D� � K�� �via D�����total ����� ����� CL 	 
��

��D� � K����� �via D�����total ��� ����� CL 	 
��

��D� � �� anything �via D�����total ��� ����� CL 	 
��

�B � � VIA MIXING�B � � VIA MIXING�B � � VIA MIXING�B � � VIA MIXING

Allowed in second�order weak interactions� e�g� mixing�

�d ����� � �����

�m
B� 	 m

B�
H

� m
B�
L

������ � ������ � ���� �h s��

xd 	 �m
B���B� ����� � �����

�m
B�
s

	 m
B�
s H

� m
B�
s L

������ ���� �h s��� CL 	 
��

xs 	 �m
B�
s

��
B�
s

������ CL 	 
��

�s ����
���� CL 	 
��

�S � � WEAK NEUTRAL CURRENT FORBIDDEN�S � � WEAK NEUTRAL CURRENT FORBIDDEN�S � � WEAK NEUTRAL CURRENT FORBIDDEN�S � � WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher�order electroweak interactions�

��K � � e e����total ����� � ����� � ����

��K � �������total ���� � ����� ���� �S 	 ����

��K � � 
 
���total �������
������ �����

��K � ��� 
 
���total ����� ����� CL 	 
��

��K�
S
� ������total ����� ����� CL 	 
��

��K�
S
� e e����total ����� ����� CL 	 
��

��K�
S
� �� e e����total �o� �������

������ ���


��K�
L
� ������total ����� � ����� � ���


��K�
L
� e e����total �
�

���� �����

��K�
L
� ��� e e����total �p� ����� � ���
� � ����

��K�
L
� ���� e e����total ����� ���
� CL 	 
��

��K�
L
� ��� e e����total ����
 � ����� � ���


��K�
L
� e e� e e����total ����� � ����� � ����

��K�
L
� ��������total ����� ������ CL 	 
��

��K�
L
� �� e e����total ����� ������ CL 	 
��

��K�
L
� �� 
 
���total ���
� ����� CL 	 
��

��� � pe e����total ��� ����

�C � � WEAK NEUTRAL CURRENT FORBIDDEN�C � � WEAK NEUTRAL CURRENT FORBIDDEN�C � � WEAK NEUTRAL CURRENT FORBIDDEN�C � � WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher�order electroweak interactions�

��D � � e e����total ����� ����� CL 	 
��

��D � �������total ����� ����� CL 	 
��

��D � �������total ����� ����� CL 	 
��

��D� � � ����total ����� ����� CL 	 
��

��D� � e e����total ����� ����� CL 	 
��

��D� � ������total ����� ����� CL 	 
��

��D� � �� e e����total ����� ����� CL 	 
��

��D� � ��������total ����� ����� CL 	 
��

��D� � �e e����total ����� ����� CL 	 
��

��D� � �� �����total ����� ����� CL 	 
��

��D� � ��� e e����total ������ ����� CL 	 
��

��D� � �� e e����total ����� ����� CL 	 
��

��D� � ���������total ����� ����� CL 	 
��

��D� � ��������total ����� ����� CL 	 
��

��D� � �e e����total ����� ����� CL 	 
��

��D� � �������total ����� ����� CL 	 
��

��D� � K�K e e����total ������ ����� CL 	 
��

��D� � �e e����total ����� ����� CL 	 
��

��D� � K�K������total ����� ����� CL 	 
��

��D� � �������total ����� ����� CL 	 
��

��D� � K�� e e����total ������ ����� CL 	 
��

��D� � K��������total ����
� ����� CL 	 
��

��D� � �����������total ����� ����� CL 	 
��

��D
s
� K e e����total ����� ����� CL 	 
��

��D
s
� K������total ����� ����� CL 	 
��

��D
s
� K���
��������total ����� ����� CL 	 
��

���
c
� p������total ����� ����� CL 	 
��

�B � � WEAK NEUTRAL CURRENT FORBIDDEN�B � � WEAK NEUTRAL CURRENT FORBIDDEN�B � � WEAK NEUTRAL CURRENT FORBIDDEN�B � � WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher�order electroweak interactions�

��B � � e e����total ���
� ����� CL 	 
��

��B � �������total �
��� ����� CL 	 
��

��B � K e e����total ������

������ ����

��B � K������total �������
������ ����

��B � K � �����total �q� ���� � ����� ����

��B � K 
 
���total ����� ����� CL 	 
��

��B � K���
�� e e����total ����� ����� CL 	 
��

��B � K���
��������total ����� ����� CL 	 
��

��B � K���
�� � ����total �q� ����� ����� CL 	 
��

��B� � � ����total ����� ����� CL 	 
��

��B� � e e����total ���
� ����� CL 	 
��

��B� � ������total ����� ����� CL 	 
��

��B� � K� e e����total ����� ����� CL 	 
��

��B� � K�������total ������

������ ����

��B� � K� � �����total �q� ����� ����� CL 	 
��

��B� � K���
��� e e����total ����� ����� CL 	 
��

��B� � K���
���������total ���� � ����� ����

��B� � K���
��� 
 
���total ����� ����� CL 	 
��

��B� � K���
��� � �����total �q� ����� � ����� � ����

��B � s e e����total ���� � ����� ����

��B � s ������total ���
���
������ ����

��B � s � �����total �q� �������
������ ����

��B � K e e����total �������
������ ����

��B � K���
��e e����total ���� � ����� ����

��B � K ������total ���� � ����� ����

��B � K���
��������total ���������
������� ����

��B � K � �����total ���� � ����� ����

��B � K���
�� � �����total ����� � ����� � ����

��b � ��� anything���total ����� ����� CL 	 
��

��B�
s
� ������total ����� ����� CL 	 
��

��B�
s
� e e����total ����� ����� CL 	 
��

��B�
s
� �������������total ����� ����� CL 	 
��

��B�
s
� �

���total ����� ����� CL 	 
��

Unless otherwise stated� limits are given at the 
�� con�dence level� while errors are given
as �� standard deviation�
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Tests of Conservation Laws

�T � � WEAK NEUTRAL CURRENT FORBIDDEN�T � � WEAK NEUTRAL CURRENT FORBIDDEN�T � � WEAK NEUTRAL CURRENT FORBIDDEN�T � � WEAK NEUTRAL CURRENT FORBIDDEN

Allowed by higher�order electroweak interactions�

��t � Z q �q	u�c����total �r � ������ ����� CL 	 
��

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	 de
ned as S �
p
����N � ��	 where N

is the number of measurements used in calculating the quantity� We do this
when S � �	 which often indicates that the measurements are inconsistent�
When S � ����	 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 �� or �����

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������ � ���� 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� D��D��D��D��	 ���� �������

g � Derived from measured values of ��	 ���	
�
��
�
�	
�
�m

K�
L

� m
K�
S

�
�	 and

�
K�
S
	 as described in the introduction to �Tests of Conservation Laws��

h� These two results are not independent	 and both use the more precise
measurement of

�
�qp�mp

�
���qp�mp��

i � The value is for the sum of the charge states or particle�antiparticle
states indicated�

j � A test of additive vs� multiplicative lepton family number conservation�

k � Derived from an analysis of neutrino�oscillation experiments�

l � There is some controversy about whether nuclear physics and model
dependence complicate the analysis for bound neutrons �from which the
best limit comes�� The 
rst limit here is from reactor experiments with
free neutrons�

m� This is the best limit for the mode e�� � 	� The best limit for �electron
disappearance� is ���� ���� yr�

n� This D�
��D

�
� limit is inferred from the D��D� mixing ratio ��K
� �via

D��� � ��K�
� near the end of the D� Listings�

o� See the K�
S Particle Listings for the energy limits used in this measure�

ment�

p� See the K�
L 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 � Z q����t � W b��

Unless otherwise stated� limits are given at the 
�� con�dence level� while errors are given
as �� standard deviation�
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