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In thispaperw e propose a dark m atterm odeland study aspects of its phenom enol-
ogy. Ourm odel isbased on a new dark m atter sector with a U (1)° gauge sym m etry
plus a discrete symm etry added to the Standard M odel of particle physics. The
new elds of the dark m atter sector have no hadronic charges and couple only to
leptons. O urm odel can not only give rise to the observed neutrino m ass hierarchy,
but can also generate the baryon num ber asym m etry via non-themm al leptogenesis.
T he breaking of the new U (1)° sym m etry produces coan ic strings. T he dark m atter

particles are produced non-them ally from coan ic string loop decay w hich allow s one
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to obtain su ciently large annihilation cross sections to explain the observed coan ic

ray positron and electron uxes recently m easured by the PAM ELA ,ATIC ,PPB-
BETS, Ferm +LAT , and HESS experin ents while m aintaining the required overall
dark m atter energy density. The high velocity of the dark m atter particles from

cogn ic string loop decay leads to a Jow phase space density and thus to a dark m at—
ter pro le with a constant density core In contrast to what happens in a scenario
w ith them ally produced cold dark m atter where the density keeps rising towards
the center. As a result, the ux of rays radiated from the nal leptonic states
of dark m atter annihilation from the G alactic center is suppressed and satis es the

constraints from the HESS —xay observations.

PACS numbers: 14.60Pq,95354d

I. INTRODUCTION

T here is strong evidence for the existence of a substantial am ount of cod dark m atter
(CDM ). The leading CDM candidates are weakly interacting m assive particles (W M Ps),
for exam ple, the lightest neutralino in supersym m etric m odels w ith R parity. W ith a snall
cosn ological constant, the CDM scenario is consistent w ith both the obsarvations of the
large scale structure of the Universe (scalesm uch larger than 1M pc) and the uctuations of
the coam ic m icrow ave background [1].

H owever, the collisionless CDM scenario predicts too much power on an all scales, such
as a large excess of dwarf galaxies 4,13], the overconcentration of dark m atter (DM ) in
dwarfgalaxies 4,15,/d]and in Jarge galaxies [1]. To solve this problem , two of us w ith their
collaborators proposed a scenario based on non-themm al production of W M Ps, which can
be relativistic when generated. The W MM P s’ com oving freestream ing scales could be as
large as or possibly even larger than 0.1 M pc. T hen, the density uctuations on scales less
than the freestream ing scale would be suppressed [8]. T hus, the discrepancies between the
observations of DM halos on sub-galactic scales and the predictions of the standard W IM P
DM picture could be resolved.

Recently, the ATIC [@]and PPBBETS [10] collaborations have reported m easurem ents

of the coan ic ray electron/positron spectrum at energiesofup to 1 TeV .Thedata shows



an obvious excess over the expected background for energies In the ranges 300 800G &V
and 500 800G €&V, respectively. At the same tine, the PAM ELA collaboration also
released their rst cosm icray m easuram ents of the positron fraction [11]and the p=p ratio
114]. The positron fraction (but not the antiproton to proton ratio) shows a signi cant
excess for energies above 10G &V up to 100G &V, com pared to the background predicted
by conventional coan icray propagation m odels. This result is consistent with previous
measuran ents by HEAT [13]and AM S [14].

Very recently, the Ferm . AT collaboration has released data on the m easuram ent of the
electron spectrum from 20 G&V to 1 TeVv [15], and the HESS collaboration has published
electron spectrum data from 340 G&V to 700 G &V [14], com plem enting their earlier m ea—
suream entsat 700 G eV to 5TV [17]. The Ferm +1LAT m easured spectrum agreesw ith AT IC
below 300 G &V ; however, it does not exhibit the special features at large energy. T here have
already been som e discussions on the in plications for DM physics obtained by com bining
the Ferm iLAT ,HESS and PAM ELA results [18].

The ATIC,PPBBETS and PAM ELA results indicate the existence of a new source of
prim ary electrons and positrons, while the hadronic processes are suppressed. Tt is well
known that DM annihilation can be a possible origin for prin ary cosm ic rays [19] which
could account for the ATIC,PPBBETS and PAM ELA data sin ultaneously, as discussed

rst n [20]and also n 217 (see [22] Por a list of references) . However, the fact that the
P=p ratio does not show an excess gives strong constraints on DM m odels if they are to
explain the data. In particular, it is very di cult to use wellkknown DM candidates like the
neutralino to explain the ATIC and PAM ELA data simultaneously 24] since they would
also yield an excess of antiprotons. T herefore, if the obsarved electron/positron or positron
excesses indead arise from DM annihilation, it seem s to us that there m ay exist special
connections between the DM sector and lepton physics [25] (see also [26,127]).
In this paper, we propose a DM m odel and study its im plications for DM detection. W e
t our m odel to two di erent com binations of the experim ent data: one set of data from
the ATIC ,PPBBETS and PAM ELA experin ents; the other from the Ferm iLAT ,HESS,

and PAM ELA experim ents. O ur results show that ourm odel can naturally explain the e

! Note, however, that there are also astrophysical (see eg. [23]) or other particle physics (see eg. [22])
explanations.



excesses while at the sam e tim e solving the an all scale problam s of the standard CDM
m odelvia non-them alDM production. Fora singleM ajprana DM particle, its annihilation
cross section has s wave suppression. Thus, we consider two degenerate M a prana DM
particles. W eadd anew DM sectorw ith a U (1)° gauge sym m etry and introduce an additional
discrete symm etry to the Standard M odel (SM ). The DM particles are stable due to the
discrete symm etry. D uring the U (1)° gauge sym m etry breaking phase transition a network
of coan ic strings is generated. T he decay of coam ic string loops is a channel for producing
a non-them al distrlbbution of DM . This non-them al distrdbution allows for DM m asses
and annihilation cross sections large enough to explain the coamn ic ray anom alies while
sim ultaneously rem aining consistent w ith the cbserved DM energy density. Tn addition, the
obsarved neutrino m asses and m ixings can be explained via the seesaw m echanian , and the
baryon num ber asym m etry can be generated via non-them al leptogenesis 28 ].

It has been recently recognized that a large annihilation cross section of DM particles
Into Jeptons to account for the cosm ic ray anom alies w ill Induce a large ux of rays from
the Galactic Center (GC ) 29] or from the centers of dwarf galaxies [30]. T he predicted
ray uxes bassed on the NFW pro l for the standard CDM scenario have been shown to
be In slight con ict w ith the current observations of HESS [31]. However, In our m odel the
DM particles are produced non-them ally, so the high velocity ofthe DM particles w ill lower
the phase space density of DM and lead to a DM pro le with a constant density core [32].
T herefore our m odel w ith non-therm ally produced DM on one hand gives rise to a large
annihilation cross section to account for the positron/electron excess observed locally while
on the other hand it suppresses the DM density at the GC and leadsto a Iow ux of ray
radiation.

O ur paper is organized as follows: in Section IT, we describe in detail the m odel and
the production m echanian of the DM particles. In Section III we study aspects of the
phenom enology of them odel, including studies of som e constraints on them odel param eters
from particle physics experin ents, in plications forthe PAM ELA ,ATIC ,PPBBETS,Fem i-
LAT ,and HESS results, and also the -ray radiation from the G C . Section IV contains the

discussion and conclisions.



II. THE DARK MATTER M ODEL
A . The Dark M atter Sector

TheDM m odelwe propose consists of adding a new \DM sector" to the Standard M odel.
The new particles have only leptonic charges and are uncharged under color. T his ensures
that the DM particles annihilate preferentially into leptons. To ensure the existence of a
stable DM particle, the new sector is endowed w ith a discrete symm etry which plays a role
sim ilar to that of R parity in supersym m etric m odels. T he lightest particles which are odd
under the 72, symm etry which we Introduce are the candidate DM particlks.

In our convention, we denote the right-handed leptons and H iggs doublt as e§ (1, 1)
and H (2; %)= (H°;H )", respectively, where their SU (2); U (1)y quantum numbers
are given in parenthesis.

W e consider the generalized Standard M odelw ith an additional U (1)° gauge symm etry
broken at an intem ediate scale. In particular, all the SM ferm ions and H iggs elds are
uncharged under this U (1)° gauge symm etry. To break the U (1)° gauge symm etry, we
introduce a SM singlket Higgs eld S with U (1)° charge 2. M oreover, we introduce four
SM sihglkt chiralferm ions ;, ,,N;,andN,,a SM sihglet scalar ed B and a SM doublet
scalar ed H with SU (2), U (1) quantum num bers (1; 1) and (2;% ), respectively. T he
U (1)’ charges or ; and H %are 1,while the U (1)° charges forN; and B are 1. Thus, our
m odel is anom aly free. To have stable DM candidates, we Introduce a 7z, symm etry. Under
this Z, symm etry, only the particles ; and B are odd w hile all the other particles are even.
The particlkswillbetheDM candidates,whereas the chiral ferm ionsN ; w illplay the role
of right-handed neutrinos.

T he relevant part of them ost general renom alizable Lagrangian consistent w ith the new
sym m etries is

L = }mgsys s Inzeve }mﬁoH YH O —(SYS )P+ —(BVE Y + — (1 Yy O
2 2 E 2 4 4 4

+73(SYS)(§Y§)+ é(@yﬁ)(H Oy 0 4 g(SyS)(H ¥y 0 4 f(sYS)(H g )
¢ BB H )+ §<H YHOHYH )+ yviEE ,+ e’ ,

+y98TC S+ yISYNGN S+ yILHN + He. (1)

1

Aswewilldiscuss in the follow Ing subsaction, the vacuum expectation value (VEV ) for



S isaround 10° G &V . Then, the couplings 5, s and 4 should be very snall-about 10 2
—in order for them odel to be consistent w ith the expected value of the SM H iggs. This ne-
tuning problem could be solved naturally if we were to consider a supersym m etric m odel.
M oreover, in order to explain the recent coan ic ray data, the Y ukawa couplings y*) should be
around 10 ¢ . Thiswould generate a DM m ass around 1 TeV . Such an all Y ukawa couplings
yY can be explained via the FroggatN ielsen m echanisn [33]which willnot be studied here.

To explain the neutrino m asses and m ixings via the \seesaw m echanisn ", we require that
the VEV of H °be about 01 GeV ify, 1andy? 1. In this case, the lightest active
neutrino ism assless since we only have two righthanded neutrinos N ;. Tn addition, in our
U (1)°m odel, the Higgs eld formm ing the strings is also the H iggs eld which gives m asses
to the right-handed neutrinos. There are right-handed neutrinos trapped as transverse
zero m odes In the core of the strings. W hen coan ic string loops decay, they release these
neutrinos. This is an outofequilbriim process. The released neutrinos acquire heavy
M a pranam asses and decay into m assless leptons and electrow eak H iggs particles to produce
a Jepton asymm etry, which is converted into a baryon num ber asymm etry via sphaleron
transitions [28]. Thus, we can explain the baryon number asymm etry via non-therm al
leptogenesis.

In this paper, we consider two degenerate M ajprana DM candidates ; and , since
the annihilation cross section for a single M aprana DM particle is too an all to explain
the recent coam ic ray experim ents 25]. For sim plicity, we assum e that the Lagrangian is

nvariantunder ;$ ,.Thus,we have

ve o oye ;s oy9 o oyt )

To m ake sure that we have two degenerate M a prana DM candidates ; and ,,we choose

y'*= 0,and assumem < m ;.

B. Non-Them alD ark M atter Production via C osm ic Strings

W e assum e that the U (1)° gauge symm etry is broken by the VEV of the scalar eld S.
To be speci ¢, we take the potential of S to be



where isthe selfinteraction coupling constant. TheVEV ofS henceishSi=  with mg =

2. Due to nite tem perature e ects, the symm etry is unbroken at high tem peratures.
D uring the cooling of the very early universe, a sym m etry breaking phase transition takes
place at a tem perature T, w ith

p_
T. ! : (4)

D uring this phase transition, inevitably a network of local coan ic strings w ill be form &d.
T hese strings are topologically non—trivial eld con gurations form ed by the Higgs eld S
and the U (1)°gauge eld A . Them ass per unit length of the strings is given by = 2.

D uring the phase transition, a netw ork of strings form s, consisting ofboth in nite strings
and cosm ic string loops. A fter the transition, the in nite string netw ork coarsens and m ore
Joops form from the Intercom m uting of in nite strings. Cogn ic string loops loose their
energy by em itting gravitational radiation. W hen the radius of a Joop becom es of the order
of the string width w /2 !, the Joop releases its nal energy into a burst of A and
S particles ?. Those particles subsequently decay into DM particles, w ith branching ratios

and °. For sin plicity we assum e that all the nal string energy goes into A particles. A

single decaying coam ic string loop thus releases
N 72 ! (5)

DM particles which we take to have a m onochrom atic distrbbution w ith energy E % , the
energy of an Squantum in the broken phase. Tn ourm odel, we assum e that the m asses for
A,S and N; are roughly the same, so we have = 1.

G ven the sym m etry we have In posed, the num berdensitiesof | and , areequal. T hus,

the num ber density npy of DM particks, the sum of the num ber densities of ; and 5, is

Np M n,+n,=2n,=2n, : (6)

Ifthe S and A quanta were in them al equilibrium before the phase transition, then the
string netw ork is form ed w ith a m icroscopic correlation length (§) (where t, isthe tine at

which the phase transition takes place). T he correlation length gives the m ean curvature

2 W e are not considering here DM production from cosn ic string cusp annihilation since the e ciency of
this m echanian may be much sn aller than the upper estin ate established in [34], as discussed eg. In
[35]. DM production from cusp annihilation hasbeen considered in [36].



radius and m ean separation of the strings. A s discussed in [37] (see also the review s [39]),
the initial correlation length is
(&) S (7)
A frer string form ation, there is a tin e Interval during which the dynam ics of the strings
is friction-dom inated. In this period, the correlation length increases faster than the H ubble
radius because loop intercom m utation is very e cient. Aswas discussed eg. in [[39], the
correlation length scale (t) in the friction epoch scales as

©= © = : (8)

T he friction egpoch continues until (t) becom es com parable to the Hubble radius t. A fter
this point, the string netw ork follow sa \scaling solution" with (t) t. Thisscaling solution
continues to the present tim e.

The loss of energy from the network of long strings w ith correlation length (t) is pre—
dom nantly due to the production of coan ic string loops. The num ber density of coan ic
string loops created per unit of tim e is given by [38,1391:

dn el

= & 9)
where isa constantoforderl.W eare interested in loops decaying below the tem perature
T when theDM particles fall out of them alequilbbrium (loopsdecaying earlier w ill produce
DM particles which sim ply them alize). W e denote the corresponding tine by t .

The DM number density released from t till today is obtained by [8] summ ing up the
contrlbutions of alldecaying loops. Each loop yieldsa numberN of DM particles. W e track
the Joopsdecaying at som e tim e t in term s of the tim e & when that loop was created. Since
the loop density decreases sharply as a function of tim e, it is the loops which decay right
after t which dom inate the iIntegral. For the values of G which we are interested in, it
tums out that loops decaying around t were created in the friction epoch, and the loop
num ber density is determ ined by inserting (8) nto (@). Changing the Integration variable
from tto (t),we Integrate the redshifted num ber density to obtain:

npy ™ (ty) = N © fd o (10)

w here the subscript 0 refers to param eters which are evaluated today. In the above, ¢ =
(8 ) where &= is the tin e at which coan ic string loops which are decaying at the tine t
form &d.



Now the loop’s tin eaveraged radius (radiis averaged over a period of oscillation) shrinks

ata rate 38]

D loopsG ’ (11)

where s Isa numerical factor 10 20. Since loops form at tine t w ith an average
radiis
13
R() ' '“g’c ME; (12)
where g counts the num ber of m assless degrees of freedom in the corresponding phase, they

have shrunk to a point at the tin e

13
£ T M 13)
T hus
193 1= % 12 14
& g loopsM Pl t ( )
Now the entropy density is

22
s= —gT~: 15
5 g (15)

The tin e tand tam perature T are related by

1 M Pl
2(T
( )T2

t= 03g ; (16)

where M p, is the Planck m ass. Thus using Egs. (8) and (10),we nd that theDM number

density today released by decaying cosm ic string loops is given by

noont 6:75 T
th DM 3=2 2 3=2 5=2 2 .
YDDI\(Zrl s = loopsg Tcg 1 9 Ty M Plﬁ ’ 17)
c

w here the subscript on g refers to the tinewhen g is evaluated.
TheDM relic abundance isrelated to Y by:

h? m Y s(ty) «(p) 'h?

282 108Y® m =Gev) ; (18)

where h is the Hubble param eter in units of 100kms M pc® , m is the DM mass, and
Ytot= Ytherm + Ynonth.
To give som e concrete num bers, we choose the parametervalues =1, =1, = 035,

= 10,Mpy= 122 10" Gev and h® = 0:11. In ourmodel, we have g, = 136,



m

10

in the cases

TABLE I: The required T, values In units of G&V for various choices of and
=620GeV, m = 780Ge&V,andm = 1500 Ge&V , respectively.
1 1 2 2 5 5
1 05 1 05 1 05
Tom =620Gev)|7:7 10°|8%6 10°|48 10°|54 10°|26 10°(29 10°
Tem = 780Gev)|9:3 10°|1:0 10959 10°|6%6 10°|32 10°(36 10°
To m = 1500Gev)|16 109018 10'°1:0 10012 10'°555 10°|62 10°
10 10 15 15 20 20
1 05 1 05 1 05
Tem =620Gev)|17 10°|19 10°|13 10°|14 10°|10 10°(12 10°
Te m = 780Gev)|20 10°|22 10°|15 10°|17 10°|13 10|14 10°
Tom = 1500Gev)|[35 10°(39 10°|2% 10°|3:0 10°|22 10°(24 10°
= 128,and g, = 128.W ede ne the din ensionless ratios

9.,

m
T

.
’

Y nonth

Ytot

(19)

D en anding that we obtain a speci cvalueof for the above choices of the param eter values

will x T. via (I8). For various values of

the casesm

= 620G&V,m

and

= 780G &V ,andm

, we present the resulting T. values for

= 1500 G eV , respectively, in Tablk[d. In

short, T. must be around 10° G &V ifwe want to generate enough DM density non-them ally

via coan ic strings.

ITT.

A

C onstraints on the M odel Param eters

PHENOMENOLOGY OF THE M ODEL

The coupling constants y. between right-handed leptons and the DM sector are con—

strained by experin ents, and especially by the precise value of m uon anom alous m agnetic
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momentg 2.Assum ing that them assesof and E are nearly degenerate, we obtain that
the contrrbution to the m uon anom alous m agnetic m om ent from the new coupling is about
40]

1 m2 -
192 ?m?

a (yiy (20)

The 2 upperbound from the E821 Collaboration on a issmallerthan 40 10 % [41],
from which we get form 1Tev,
y . 10: (21)

For the electron anom alousm agnetic m om entum we assum e the contribution from the dark

sector isw ithin the experin ental error [44]
a 7 10%Y: (22)

Then wegeta upper lin it on y. which isabout 30. T herefore the constraints on the couplings
of the m odel due to the heavy m asses of the new particles are quite loose.

Now we study the constraints from the experim ental lim its on lepton avor violation
(LFV ) processes such as ' e, ! () and so on. The branching ratios for the
radiative LFV processes are given by [40]

2

Yyl
5_ elte _ .
Br(e! e ) em M ;=2 7384 2 2 = i3 (23)
where ; is the width of ;. G iven the experim ental constraint on the process ! e we
get
Br( ! e) 10% (yy )*. 10% ; (24)

which gives thatyey . 0:03. For the process ! (e) we have

Br( ! (&) 107 (Y iy V. 10" ; (25)

which leads to the conclusion thaty v () . 10. Connecting theDM sector to the PAM ELA
and Fem H.AT (or AT IC ) results usually requires a large branching ratio into electron and
positron pairs. From the LFV constraints shown above we conclude that it is possible to
have a Jarge branching ratio for the annihilation of the DM particles directly nto e e , or

via *
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B . Explanation for the C osm ic e E xcesses

In ourmodel the DM sector only couples to the SM  lepton sector. Therefore DM anni-
hilates Into leptons dom nantly. Furthem ore, since DM is produced non-therm ally in our
modeltheDM annihilation rates can be quite large w ith a sizable Y ukawa coupling yei . Thus
our m odel can naturally explain the cosm ic e excesses observed.

Because theannihilation cross sectionsfor ; | and , , to leptonsare swave suppressed,
the dom inant cross sections of | , annihilating into charged leptons are given by [25]

VA y i1V
ks 12 K& ( " n
{ yiiyiea— 55 @7+ 2mi n? s
= — VIV iae—— s s 4m? + m: m > 5
32 s s s 4m?2 S+ 2mE~ 2m
q__
s+ 2111;~ 2m ? s s 4m? )
n g———— +2m> m’
s+ 2m%2 2m?+ s s 4m?
2 . 39
1 1 -
4 = q75. 7 (20)
s+ 2m;~ 2m 2 s s 4m? s+ 2m;~ 2m?+ s s 4m?

where v is the relative velocity between the two annihilating particles in their center ofm ass
systam . The overall factor 4 will be cancelled when we calculate the lepton uxes, so, we

w ill leave it in ourdiscussions. Up to O (v?), the above cross section can be sin pli ed as [25]

.4 PP 8 . 1 8 , 1 o)
AV _ v .
= 10g YeJ e 2+ r)? 2+ 12 @2+ r) m2 '
w here
m% m?
T £ > > 0: (28)
m
Wihv 10° andr 0,weobtah 29]
700G eV 2
hyvi. 4 12 10® an’sec! ——— .42 : (29)
m

W e am phasize that the Yukawa couplings yei should be an aller than P 4 forthe perturbative
analysis to be vald.

In ourm odelw ith non-themm alproduction of DM particles, we consider two ssparate ts
to the ATIC /PPB-BETS/PAM ELA and Fem +LAT /HESS/PAM ELA datasets. Firstly we
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consider a num erical tto the ATIC ,PPB-BETS and PAM ELA data E]. In thiscasewe
assum e the DM m ass to be 620 G&V and that DM annihilates into electron/positron pairs
predom inantly, ie., yé 0O fori= 2; 3. In the second case we t the Ferm i+LAT , HESS
and PAM ELA data by taking the DM mass 1500 G &V and assum ing that DM anniilates
into ¥ pairsdom inantly. N ote that all lepton uxes resulting from DM annihilation are
proportionalto n? ., formodelswith a shgleDM candidate .Becausen ,=n ,=n =2

In ourm odel, the Jepton uxes are proportional to
n ann — 11 ann ¢ (30)

T his w ill cancel the overall factor 4 in the above annihilation cross sections in Egs. (28) and
27).

1000 T T 1 T T T
bkg —— bkg ——

bkg +0.62 TeV(e'e) bkg + 0.62 TeV(e'e)
bkg + 1.5 TeV(u' ) —— bkg + 1.5 TeV(u'y) ——
ATIC +—e—i AMS

PPB-BETS —+— HEAT94+95 —=—

HESS v
HESS low energy
Fermi LAT —+—

E3dN/E (GeVPm2sisrl)
.
5
8

. . . .
10 100 1000 10000 1 10 100
E (GeV) E (GeV)

FIG .1: Left: Thee' + e spectrum Including the contribbution from DM annihilation com pared
w ith the observational data from AT IC B],PPB—BETS QJ,HESS Q,E] and Ferm +LAT EJ.
Right: Thee' =(e + €' ) ratio including the contrdbution from DM annihilation as a function of
energy com pared w ith the data from AM S ], HEAT ,] and PAM ELA ]. Two sets of
tting param eters are considered: In one model M odel I) the DM mass is 620 G&V with e*e
being the m ain annihilation channel to t the AT IC data, while in the other m odel (M odel II)
the DM mass is 1500 G&V and we assum e that * is the m ain annihilation channel to t the

Ferm :L.AT data.

In Fi. [l we show that both cases can give a good t to the data after considering the
propagation of electrons and positrons in interstellar space ]w ith the annihilation cross
section 0:75 102 an’®s?! and 36 10 2° an’s?! , respectively. T he m odel param eters of
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thetwo tsaregiven in Tabk[Il. For the rst t,we do not need the boost factor at allby
choosing yé = 26,which is still sm aller than the upper lim jtp4_ for a valid perturoative
theory. M oreover, choosing yé = 3 in the second t,we just need a an all boost factor about
10 which m ay be due to the clum ps of the DM distrbbution [44]. T herefore, the results on

the obsarved coan ic e excesses can be explained naturally in our m odel.

C. R ay R adiation from the G alactic C enter

Since the explanations of the anom alous coan ic ray require a very large annihilation
cross section to account for the observational results, this condition leads to a strong —ray
radiation from the nallepton states. Tn particular, observationsof the G C [29 ]or the center
of dwarf galaxies [30 ] have already led to constraints on the ux ofthe -ray radiation.

The HESS obsarvation of -rays from the GC [31] sets constraints on the G alactic DM
pro le. TheNFW pro le in the standard CDM scenario leads to too largea ux of -—rays,
thus con icting w ith the HESS observation. On the other hand, if DM is produced non-
therm ally as suggested in Section ITthe DM pro le w ill have a constant density core [32]s0
that the —ray radiation from the GC willbe greatly suppressed.

In our num erical studies, we consider the follow Ing two cases to constrain theDM pro le:

Case I:we sin ply require that the —ray uxdue to nalstate radiation (FSR ) do not
exceed the HESS observation.

Case IT:wem ake a global t to the HESS data by assum ing an astrophysical source
with power law goectrum plus an additional com ponent from FSR resulting from DM
annihilation.

Letusconsidera DM pro le taking the form

(r) = T (31)
R
where ¢ isthe scaledensity and ry  Iyu=Cyir (1 ) is the scale radius, w ith r,;,. the virdal

radius of the halo® and ¢, the concentration param eter. In this work the concentration

3 The virial radius is usually de ned as the range inside which the average density of DM is som e factor of
the criticaldensity .,eg., 18 2+ 82x 39x?’withx= y (z) 1=
[45].

— o fora CDM universe
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FIG. 2: Upper: the FSR —xay uxes from a region with jj< 08 and Jj< 03 clse to
GC compared with the observational data from HESS ]. The left panel com pares the two
m odels given in Table[II directly w ith the data, while the right panel show s the com bined tting
results using a power law astrophysical background together w ith the FSR contribution from DM

annihiltion at 95% (2 ) con dence level. Lower: constraints on the DM pro le param eters and
Cyir due to the HE SS observation of —ay radiation from theG C by assum ingdi erent nalleptonic
states. T he left panel corresponds to the constraint Case I, while the right panel corresponds to

Case II. The o curves In the right panel represent the 1 and 2 upper bounds respectively.

param eter ¢,y and shape param eter  are left free, and we nom alize the localDM density to
be0:3GeV an . Then the viralradius and totalhalo m ass are solved to get selfconsistent

values. G iven the density pro le,the —<ay ux along a speci ¢ direction can be w ritten as

E; )=C W(E) J()

Z
’R h vidN 1 5

- — (1)dl; (32)
4 2m 2 dE R 1o0s
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where the integral is taken along the lneofsight, W (E ) and J( ) represent the particle
physics factor and the astrophysical factor respectively. T hus, if the particle physics factor
is xed usihg the locally observed e e uxes, we can get constraints on the astrophysical
factor, and hence the DM density pro le,according to the —ray ux. For the em ission from

a di use region with solid angle ,we de ne the average astrophysical factor as
J =— J( ) (33)

T he constraints on the average astrophysical factorJd  for the two m odels are gathered
in Tabkl[I, n which J™#* show s them axinum J factor corresponding to Case I, while J* 7
corresponds to Case IT, at the 68% (1 ) and 95% (2 ) con dence levels. The -—xay uxes
of the two cases are shown in the upper panels of F ig. [2.

In the lower panels of Fig. [d we show the isoJ  lines in the G plane for Case
I (left) and Case II (right) respectively. In this gure we also show the m ass condition of
(1 2) 10¥*M oftheM iky W ay halo. From Fi.[dwe can see that the NFW pro lewith

= 1 (chosen based on N-Jody sinulation in the standard CDM scenario) is constrained
by the HESS data, if the obsarved coan ic e excesses are interpreted as DM annihilation.
However, if DM is produced non-them ally the high velocity of the DM particle w illm ake
theDM behave lkewam DM and lead toa atDM pro lewhich suppresses the —ay ux
from theGC.

TABLE II: Param eters of the two scenarios adopted to t the ATIC /PPBBETS/PAM ELA or

Ferm +LAT /HESS/PAM ELA data.

channelm Gev)h vi(10 2 an3s?t)grax gt g2

Modell e'e 620 0:75 300 42 97

ModelIl * 1500 3% 200 81 111

Iv. DISCUSSION AND CONCLUSIONS

In this paper we have proposed a DM m odel and studied aspects of its phenom enol-
ogy. W e have shown that our m odel can sin ultaneously explain the coan ic ray anom alies
recently m easured by the ATIC ,PPBBETS and PAM ELA experin ents or by the Fem i-

LAT ,HESS and PAM ELA experin ents, resolve the an allscale structure problem s of the
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standard CDM paradigm , explain the observed neutrino m ass hierarchies, explain the
baryon num ber asymm etry via non-themm al leptogenesis and suppress the ray radiation
from theGC.

In thismodel, DM couples only to leptons. In direct detection experim ents it would
show as an \electrom agnetic" event rather than a nuclear recoil. Experim ents that re-
Fct electrom agnetic events would thus be ignoring the signal. However, in the Fem i-
LAT/HESS/PAM ELA ts, the DM particle couples m ainly to muons, and there being no
m uons In the target of direct detection experin ents, no signi cant signalwould be expected.
In the ATIC/PPBBETS/PAMELA t, the DM couples predom inantly to electrons; the
electron recoil energy is of order m V2, 0:1 eV, and it would be too snall to be de-
tectable In current devices. A ltematively, this energy could cause uorescence [44], albeit
the uorescence cross section would be prohbitively an all. R egarding the annualm odula—
tion signal observed by DAM A [47], although this experin ent accepts all recoil signals, an
estim ate of the electron scattering cross section show s that the presentm odel predicts a cross
section which isabout 8 orders ofm agnitude an aller than  1pb required to account for the
m odulation [26]. T herefore we do not expect a signal In direct detection experin ents if the
DM m odelpresented here is realized. In addition, the capture of DM particles in the Sun or
the Earth is also in possible since the DM w ill not loose its kinetic energy when scattering
w ith electrons In the Sun. T herefore we do not expect high energy neutrino signals from the
Sun or the Earth either.
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