PROCEEDINGS

OF SCIENCE

Gamma rays from gravitationally boosted
neutralinos at the galactic center

Mirco Cannoni*'

Departamento de Fisica Aplicada, Facultad de Ciencias Erpentales, Universidad de
Huelva, 21071 Huelva, Spain

E-mail: m r co. cannoni @If a. uhu. es

Neutralinos may be gravitationally boosted near the sapassive black hole at the galactic cen-
ter so that they can have enough collision energy to anitéhifdo a stau pair. Since in some
phenomenologically favored supersymmetric models thesrsphtting between the neutralino
and the lightest stau is a few GeVs, this channel may be atloWeaddition, staus can only de-
cay into a tau lepton and another neutralino. We discuss #uhanisms behind this phenomenon
and the gamma-ray spectrum and flux generated by the tau pair.

VIII International Workshop on the Dark Side of the Universe
June 10-15, 2012
Rio de Janeiro, Brazil

*Speaker.
TMultiDark fellow.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Gamma rays from gravitationally boosted neutralinos Mirco Cannoni

1. Introduction

In one the favored regions of the parameter space of theragmstl minimal supersymmetric
standard model (CMSSM) where the lightest neutralino hastirect dark matter relic density,
the lightest stauiy, is almost degenerate in mass with the neutralino [1]. Tégson is not charac-
teristic of the CMSSM only, but also of the general MSSM withanification conditions. In fact
the recent evidence at LHC of the Higgs boson with mass ar@@bdseV [2] and a decay width
into two photons larger the in the Standard Model, singleattgion of the MSSM parameter
space where the neutralino andare light and degenerate [3].

The gravitational potential in the galactic center (GC)asnihated by a super-massive black
hole (BH) with masdMgy = 4 x 1(PM,, and Schwarzschild radiuRs = 2GMgy /¢ = 4 x 10~/
pc. It has been suggested in [4] that particles captured Bt can originate very high energy
collision in the center of mass frame (CMF). In principlenbe, new annihilation channels into
heavier states, kinematically forbidden for non relatigiparticles, could be accessible.

We briefly discuss here the mechanism proposed in Ref. [S#aik matter is formed by
neutralinos with the above properties, a new dominant datidn channel is opened already for
sub-relativistic neutralinos [6] not captured by the BH.

1.1 Dark matter density profile at the GC

The dark matter density distribution in the sub-parsecoregit the GC cannot be resolved by
present simulations nor by rotation curves measurememhbat be inferred by physical consider-
ations. The adiabatic growth of the BH at the center of the balises a steepening, called spike,
of the initial halo profile toward the GC [7]. Adding scattegiof DM particles off stars, capture
by the BH, self-annihilation and capture within stars dgrihe evolution of the DM distribution,
results in a profilepsp(r) Or~%/2 [8—12]. At a certain distance from the GC the density reaches
a value such that self-annihilation itself acts to stopHertrising reaching a constant value, com-
monly called annihilation plateau or core. In [12], howevies argued that in the innermost region
the density behave am,s(r) O r~1/2, a mild spike (MS). To this picture the adiabatic compressio
of the gravitational potential caused by the baryons ajréadhe bulge of the galaxy [13] should
also be added.

We hence model the profile considering that at the radigisz 0.2ry, with r, = 1.67 pc the
influence radius of the BH, DM density is given by a compredSethsto profile,osp = 5 x 10°
GeV/cn? as in [11]. From here the profile is given Ipyr) = Psp(r/Tsp) ~ %, ysp=3/2, up to the
radiusr, where the density reaches the vajue= my /(ov)ots. (0V)g is the annihilation cross
section and; = 10 Gyr [11, 8] is the elapsed time since the formation of thkespFinally, the
inner MS isp,(r/ra) "8, ya= 1/2, up to the limit &Ks. The radiug, is found by matching the two
power-lawsy = rsp(Pa/Psp) /¥

Given a density described a power-law distribution, from Jeans equation, the root mean
squared velocity is/(r) ~ (GMgy/r)Y/? [14, 9, 10], or in terms of the Schwarzschild radius,
v(r)/c ~ (Rs/2r)Y/2. Since a Keplerian orbit witt.. would cross the horizon if the pericenter
distance is less thamin, = 4Rs, hence we will consider safely> 4Rs. In this way, for example,
atr = 10Rs we havev/c ~ 1/4/20~ 0.22 and sub-relativistic velocities are possible.
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Figure 1: Diagrams for stau pair production and decay in neutralinohdlation.

2. Large annihilation cross section into a stau pair

The relic density constraint implies that the relative msglitting with the Ty, o = (mz —
my)/my, is typically less than 5%. In the CMF the energy thresholdstau pair production is
VS = 2E, > 2my, that impliesv/c > [1—1/(1+ &8)2]Y/2. With & = 2%, v/c > 0.197: there exists
thus a range of radii where the kinetic energy is high enoogiedch the threshold of the process
XX — T 1.

In Fig. 2, we show the relevant cross sections as a functiqyisoThe CMSSM points A and
B, see Ref. [5] for detalls, predict a Higgs mass around 12®8-GeV and are compatible with a
Higgs of mass 125 GeV within the theoretical and the expartaiesrrors. The cross section for
stau pair-production near the threshold clearly dominbiesne or two orders of magnitude the
cross sections for annihilation. In the right panels we stiwevannihilation cross section times
the particle relative velocity, as a function the CMF vetpaf colliding neutralinos. Note that
OVrel NEar the threshold is at least an order of magnitude biggerttre freeze-out valuex310-2°
cm®/s. These values corresponds/fa ~ 0.1— 0.2 that are just the ones that can be obtained with
the gravitational boost discussed above.

The reason why the stau pair production is the dominant datidm channel is twofold. The
neutralino is bino-like thus the verticests-x—Z and x—x—(h,H) are suppressed, while the vertex
X-T1—T is not suppressed by mixing. The dominant diagrams in Figeltlaus the ones with
u channel exchange of the tau. Furthermore, at energies me#inreshold the produced staus are
slow thus the propagator/Ipy — pz)? — Mz = 1/(mé + mg — 2E, E¢ + 2pz - py — ME) is approxi-
mately ¥/[(mz —m, )2 —m?]. The cross section, proportional to the square of this dfyast thus,
enhanced for mass splittings approaching the tau mass.

3. Gamma rays from non-monochromatic taus

If the neutralino-stau mass splitting is larger than thertess, the staus can only decay into
the two body final statg 7, see diagrams in Fig. 1. The tau pair will decay and radiateqpts but
with a peculiar spectrum.



Gamma rays from gravitationally boosted neutralinos Mirco Cannoni

OVrel (cm3/ S)

102E 10-24 1 |||||||I 1 |||||||I 1 |||||||I
[ 10 %° F'm=327.2 Gev ;
10 3 10 %% | m=333.6 Gev M
n b
10°F 10°%' S
i 102 T
10 "~ ; ]
E N 10 %
0'2 Ieel(ulu) 'I I 10 L IIIIIIII L IIIIIIII L IIIIIIII
600 800 1000 1200 O 001 0.01 0.1 1
102 1 10-24 BIIIIIIII 1 |||||||I 1 |||||||I
1 10-25
10 s (‘\\
0 10
10 o777 A
1 10 m=789 GeV o
10 10—28 m=782.2 GeV
1072 10-%

101500 1600 1700 1800 100 001 6 01 o1 1
sl/2 (GeV) v/ic

Figure 2: Annihilation cross sections in picobarn as a function of@h&F energy (left panels) and annihila-
tion cross section times the relative velocity in¥snas a function of the colliding neutralino velocity (right
panels). The CMSSM points A and B are specified in Ref. [5]tatralino and stau masses are given.

The taus are not monochromatic and the spectrum changesheittollision energy/s and
ultimately with the distance, while in the static case thesthave an energy equal to the neutralino
mass and the radiated photon spectrum is limite&§* = E; = my. The taus energy spectrum
can be easily obtained by applying a Lorentz transformatith parameterg = (1— 4m2 /9)1/?
andy = /s/2mz, to the spectrum calculated in the rest frame of the stathisrftame it has fixed
energy and momenturk; = (m2 — m)z( +m?) /2mz and pi = (E;k2 —m?2)Y/2, The resulting energy
distribution is flat and limitedAE = E"®— E[™",

XY EP" =& ) <E <EM =€ +fp) ()
Although the process is-24, applying the small width approximation to the stau pra@ags, and
given thatBR(T;” — 1) = 1, we havea (xx — 117 xX) ~ o(xx — T111)BR(T1 — 1)) =~
o(xx — T1T1) = oz:. An example of the accuracy of these analytical approximatie shown in
Fig. 3(a) where the histogram is obtained by calculatingetivergy distribution of the full 2 4
process wittCalcHEP [15].

The number of photons with ener§y produced by a tau with enerdgy is given bydN, /dx=
1/2f (x) with x = E,/E; and f (x) = x~¥/2explg(x)] + glog[p(1 — X)] (X2 — 2x+ 2) /x. This formula
was obtained in Ref. [16], to which we refer the reader foailigtby fitting the photon yield from
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Figure 3: Panels (a) and (b) show the photon spectrum emitted'y” pairs with energy of the lepton
fixed to 5 and 10 GeV. The points correspond to the simulatedtspm as given in the codé¢icrOMEGAs
and the line is the the fit function discussed in the text. Imgb#c) the red line is the tau spectrum, and the
histogram is calculated witGalcHEP. Panel (d) shows the convoluted gamma-ray spectrum. Im¢tj@d)

we use the CMSSM point A ang's= 684 GeV.

taus obtained with Monte Carlo simulations of the non reistic processyx — 1777. In this
case the taus have equal energy, hence we use a fa@dorithe yield of one particle. Although
the fit is obtained fompy = E; > 25 GeV, it works well also down to few GeV by confronting it
with spectra as given in tables BicrOMEGASs [17], see Fig. 3(b), Fig. 3(c).

The gamma spectrum at distances then obtained by integrating over the tau energy distri-
bution,

EP(r)

dN 1 dE; <5,

g "em /] & \&

E(r)

) 0(E; — E,). (3.2)

We have multiplied by 2 to obtain the yield of the pair. The Hsi@e function takes into account
that for fixedE, the integrand is zero E, > E;. For this reason the photon energy cut-ofEfgn
for each,/s, see Fig. 3(d) for an example.

4. Flux

The extension of the source is sethy, that is too small to be resolved by present telescopes,
thus we treat it as point source at the GC at a distance frorhDs-08 kpc. The differential photon

flux as

a0 RT 5 p2(r) dN
d—Ey—ﬁ/d” Ozz(N)Vrel (1) m)z( d—Ey(r) (4.1)

I'min
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Figure 4: Differential flux for the two CMSSM reference points A and B.

In the integral distances are given in units of the Schwailtbcadius, thus is dimensionless
and a factoRe appears explicitly. The maximum radius is givenr@yx = 1/2[1— (mg /mz)?|Rs.

In contrast with the standard almost-statig — 777~ annihilation there is no factorization into
a particle physics and an astrophysics factor becauseeafhtitors in the integrand depend on
through the velocity dependence. Furthermore there is ctorfd/2 in he flux because the final
state necessarily contains two neutralinos, the numbeaidf ehatter particles is not changed by
this process.

In Fig. 4 we show the differential flux. The absolute cut offemhintegrating ovex/s is at
Y(rmax)E;. In fact asr — rmax, B — 0 andE;ﬂin — Y(rmax)E;. Note thaty(rmax) ~ 1 andE; <
(mz —my), thus the cut off is indicative of the mass splitting betwéles neutralino; the signal,
then, shows up at energies below 10 GeV. It is expected tteat@fears operation, the Fermi-LAT
satellite [18] reaches sensitivities of 78 — 0.5 x 10-11 photons cm? s~ for energies between
0.5 GeV and 10 GeV and the signal can be one of the componesesvelol by the collaboration.
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