Tentative wigglein the cosmic ray electron/positron spectrum at ~100 GeV: a dark matter
annihilation signal in accordance with the 130 GeV y-ray line?
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Recently, a tentative 130 Ge)tray line signal was identified by quite a few groups. If cotri2d would
constitute a “smoking gun” for dark matter annihilationsiterestingly, the spectra of the sum of cosmic ray
electrons and positrons detected by ATIC and PAMELA bothwsbimall wiggle-like structure at 100 GeV,
which could be the result of the annihilation f140 GeV dark matter particles into electrfpwsitrons with
a velocity-weighted cross sectigfrv), e« ~ 10726 — 102° cm® s™1. Accurate measurements of the total
spectrum of electron and positron cosmic rays by AMS-2 ardugcoming missions such as DAMPE and
CALET are highly needed to pin down the profile of the wigglesIstructure and then its physical origin.

PACS numbers: 98.70.Sa, 95.88, 98.70.Rz

I. INTRODUCTION 100 GeV. We find that if the same DM patrticles annihilate into
e*e” pairs with a cross sectigorvy,, —e-e- ~ 10726-10"2°cm

31 . .
Gamma-ray line is generally thought to be a smoking gun s+, both the excess of the PAMELA positron fraction![15]

. . and the fine structure of the2 + e~ spectra can be reproduced.
observation of dgrk matter (DM). Recently, BF'”gma“”. The results are consistent with all of the current boundbef t
al. [1] and Weniger [[2] reported that there might be h'ntindirectdetection measurements
of a monochromatig,-ray line with energy~ 130 GeV in '
the data recorded by Fermi Large Area Telescope (LAT) [3].

This y-ray line could be explained by 130 GeV DM par- Il. COSMIC RAY PROPAGATION
ticle annihilation, with the velocity-weighted cross sent
(0V)yysyy ~ 1072"cm® s71. This phenomenon was confirmed
by a series of independent analyses [4—6]. It was argued th?t
such a line-like structure might originate from astropbgbi o

The cosmic ray (CR) propagation equation is written as fol-
ws [16]:

emission related with the Fermi bubbles [7] but the morphol- W o, 8 v
ogy analysis indicated that the line emission is independen - = a(r, p) + V- (DxVy = Vi) + ap” Dpp%ﬁ
with Fermi bubbles|[4,6]. Based on the identified spectral

and spatial variations of rich structures of théfuey-ray _ 9 [W - _p(v Ny |- ¥ _ ﬂ, 1)
emission in the inner Galaxy, Boyarskl al. argued against ap 3 Tt Tr

the DM origin of these structures| [5]. However, the DM ori- h _ f)is the densit it of total particl
gin of they—ray line emission has been strengthened by Su guherey = ¢(r, p. ) is the density per unit of total particle mo-

. : N ; tumq(r, p) is the source distirbution functiolyy is the
Finkbeiner[[6]. The independent analyses to search-iay ment : : - . :
lines in the Milky Way halo by Fermi-LAT collaboration![8] Spf‘“‘?‘t' dguspntrc]:o%‘if?ent,v —ﬁ(;i\/_/dztg zis the ctonvectlon
and in dwarf galaxies by [9] found no significant signal, but V&0, Dpp IS the dliusion cogiicient in momentum space,

the constraints are not tight enough to exclude sughray p = dp/dtis the momentum IOS.S rates andr; are the time
scales of fragmentation and radioavtive decay.

line signal. It was also proposed that such a line-like digna o . .
g prop 9 In general it is dificult to solve the propagation equation

could be tested with high energy resolution detectors in the . : : ! LA
near futurel[10]. Several models had been proposed to m(pla}N'th analytlcal_ method, given the cc_)m_pllca_ted dlstrlbqso
this tentative line structuré [11]. qf the source, interstellar matter, radiation field and nedign
y ] ] ... field. Numerical methods are developed to solve the propaga-

Sever_al years ago ATIC experiment discovered significanjgp, equations, such as GALPROP][16] and DRAGON [17].
excess in thes” + e energy spectrum between 380800 | this work we adopt the GALPROP package to calculate
GeV [12]. Moreover the” + e energy spectrum also showed the propagation of the CR particles, including the contidou
wiggle-like structure at 100 GeV [12]. The newly reported from DM annihilation. The dfusion-convection model of CR
totale* + e spectra measured by PAMELA also revealed f'”epropagation is adopted as an illustration. The main propaga
structure above- 100 GeV 28] [14]. Therefore a natural {jon and source injection parameters are compiled in Table.
question one would ask is whether there is any connection berpjs set of propagation parameters can fit the observational
tween the 130 GeV line-like structurepfrays and the wiggle B/C, 1°Be/°Be and proton data [18].
structure of electrons. We will also consider the possible contribution to the elec-

In this Letter, we show that the DM scenario with mass trongpositrons from a local and fresh astrophysical source
130 GeV corresponding to the possipteay line, may be also  like pulsar [19]. For simplicity we employ the analytical-so
responsible for the fine structure of tee+ € spectra around lution given in Ref. [[20] to calculate the propagationsbé™
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TABLE I: The propagation parameters in thefdsion convection
model.

Z Do diffusionindex’  dV./dz e injection® -
(kpc) (168 cn?st) 61/6, (kmstkpc?h)  yi/y2?
4 25 0/0.55 6 163/2.74 E ¢

aBelow/above the break rigiditpo = 4 GV.
bBelow/above 25 GeV.

1 10 100 1000 1 10 100 1000
Kinetic energy, GeV' Kinetic energy, GeV

from a nearby pulsar. The propagation equation is simplifietk|G. 1: Totale* + e flux (left) and positron fraction (right) as func-
to be a spherical usion plus energy loss equation (neglect-tions of energy in two DM model compared with the data. The
ing convection and re-acceleration) dash-dotted (red) line is the CR background component, asbeti
oy Do & 00 0 (green) line represents the sum of background and DM 2 compo-
_ XX 2 . nents, and the solid (blue) line is the sum of all the threepmments.
ot A(P)S(r — ro)o(t - to) + Zoa ot a_p(W)' (@) The references of the data are: Ferfni [13], ATIC|[12], PAMELA
2008 [15] and PAMELA 2011 [14].
The solution of the above equation, i.e., the Green'’s foncti
with respect ta andt, is [20] w07y

" Phmela 2008 —=

a(py) p(pr)

vt P) = = Sap

exp(-r?/r3;). 3)

D[P+,

wherer andt are the distance and age of the souggés the
initial momentum which would cool down tp within timet,
Iqif IS the dfective difusion radius for electrons with momen-
tum losing fromp; to p.

E%Flux, Gev? m? s st

L L . oot P P R
T 10 100 1000 h 10 100 1000
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1. MODEL AND RESULTS FIG. 2: Same as Fifl 1 but for the DM particlepulsar model.

A. TwoDM i . . .
wo scenarto and positron fraction are shown in Fig. 1. The mass and cross

section for DM 1 are 140 GeV and2lx 102> cm® s'1, and
From the ATIC and PAMELA data of the total elec- for pM 2 are 750 GeV and.8 x 102 c® 1 respectively.

trongpositronsi[12, 14], we can see that there is a tiny excesRyote for the background positron flux we multiply a constant
above~ 100 GeV, and a significant excess abevB00 GeV.  factorc,. = 1.4 to better fit the data [23], which may account

Therefore we assume two DM components to fit the data. Thgyr the uncertainties of the propagation model, interatejas
first component with mass 140 GeV (DM 1) corresponds o gistribution and the inelastic hadronic interaction modaf
y-ray line, and the other one with mass/50 GeV (DM 2) is  ¢an see that the model expected results can basically bescri
to reproduce the high energy part of the data. The posgibilitihe pAMELA data. For ATIC data the fit is not very good, but
of existing more than one component of #fe+ &~ excesses  jyst reflects the wiggle behavior of the spectrum. We alse not

was also investigated previously in e.g..[21]. that the cross sections of both the DM components are larger
The source function of electrons and positrons from DMihan, that expected assuming thermal production of DM, which
annihilation is means a boost factor or non-thermal production mechanism
(V) yere dN [24] is necessary. It is also possible that the observaitidih
A(E.r) = —22— —— x pA(r), (4)  is dominated by DM 1. Then the cross section for DM 1 is
2me dE . . . .
X ~ 4 times smaller and is consistent with the natural value to

give the right relic density assuming the thermal produrctio
In such a case the cross section for DM 2 should be much
larger, which can only be produced non-thermally.

wherem, is the particle mass of DM(r) is the spatial dis-
tribution of energy density, andNJdE is the electron and
positron yield spectrum produced by one pair of DM anni-
hilation. In this work we use the Einasto DM density profile

[22] .
B. DM pluspulsar scenario
2[( r\"
p(1) =p-2 exp(—; (G) - 1}) ) Pulsars are also the possible high energy positron and elec-
tron source (e.g.,.[19, 25]). For high energy electronsrggne
wherea = 0.17,r_, ~ 15.7 kpc andps ~ 0.14 GeV cn®. loss dominates the propagation. Here we use the analytical

We assume that the densities ratio of the two DM composolution derived by Atoyaset. al. [20] to calculate the prop-
nents are 1 : 1. The calculated totdle™ energy spectrum agation of electrons and positrons from nearby pulsars. The
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injection energy spectrum af*e” can be parameterized by served electrgipositron flux gets considerably enhanced and

a power-law with an exponential cffd1S]. The power-law the intrinsic cross section of annihilation irgd + e~ will be

index ranges from .4 to 22 according to the EGRET obser- lowered by the same factor. The-ray line emission from

vations [26]. the very center of the Galaxy, however, is likely not modified
Fig. [@ shows the results for the model-0f140 GeV DM  since where no significant DM substructures are expected. Fo

plus a nearby pulsar. The age of the pulsar is adopted to tae pulsar component, the above bounds do not apply.

~ 2.2 x 10° years, the distance is 0.75 kpc and the ex-

plosive energy is- 4.5 x 10" erg. The injection spectrum

index is 14 and the cutfi energy is adopted to be 1 TeV. The

mass of DM particle is also 140 GeV, and the cross section V- CONCLUSION

is also 37 x 10726 cm? s71, which is consistent with the two )

DM scenario taking into account the postulatefiatence of ~ 1he Spectra of the® + e~ cosmic rays detected by ATIC

DM density. Such a cross section is also consistent with th@nd PAMELA both show small wiggle-like structure-atL00

natural expectation to give the correct relic density of D a G€V. which could be the signal of annihilation ef 140

suming thermal production. The fit to the observational datd>€V DM particles intozglectrozvispositropls with a cross sec-
is comparable to the two DM scenario. tion (oV)y—ere ~ 1072° - 102 cmPs*. Such a kind of
interpretation is consistent with current bounds of thd-ind

rect detection measurements. Moreover the positron fnacti
C. Constraintsfrom other observations data of PAMELA can be well reproduced. We then speculate
that these electrons might have a DM origin, in accordance
with the ~ 130 GeV gamma-ray line emission discussed in
recent literature. Our speculation will be tested by adgeura
measurements of the total spectrum of cosmic ray electrons
and positrons by AMS-2 and the upcoming missions such as
DAMPE and CALET.
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