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Abstract 

If direct annihilation of dark matter particles into a pair of photons occurs 

in the galactic halo, a narrow r-ray line can be discovered at future r-ray 

detectors sensitive to the GeV region. The signals predicted by different dark 

matter candidates are analyzed. 
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I. y-Ray Line Signal And Background 

It is possible that the dark matter (DM) w c exists in the galactic halos consists hi h 

of some elementary particle, remnant of the early history of the Universe. If this is 

true, these particles may be detectable directly through their elastic collisions with 

nuclei or indirectly through observation of their annihilation productsl. Limits on 

some popular DM particle candidates have already been placed. Since annihilation 

rates are proportional to the square of the DM number density, the indirect limits 

come from search of energetic neutrinos produced in the annihilation in the body of the 

Sun or Earth, where large DM density enhancements are likely. Although annihilation 

in the galactic halo occurs at a much smaller rate, it allows the observation in a 

wider variety of channels, through detection of antiprotons, positrons, neutrinos and 

photons. 

A particularly interesting possibility is the annihilation in the halo of DM particles 

into a pair of photons2-5. This process generates a gamma ray line with energy 

E, = rn~~ and energy spread due only to Doppler effect, AE.,/E, N VDM/C N 10m3, 

where rn~~ and VDM are respectively the mass and the average velocity in the halo of 

the DM particle. The extremely clean signature with a narrow line which would stand 

out against the diffuse gamma ray background justifies the interest in this process, 

even if the rate is expected to be rather small. 

In fact, the relevant region of the gamma ray spectrum, with energies in the range 

of GeV, will be measured for the first time by the Energetic Gamma Ray Experiment 

Telescope (EGRET) on the Gamma Ray Observatory (GRO) satellites which will be 

launched in 1990. Larger devices with excellent angular and energy resolution such 

as ASTROGAM7 have recently been proposed. EGRET is able to detect gamma 

radiation in the energy range between 20 MeV and 30 GeV with an energy resolution 

of 15% and an effective acceptance geometry factor of 900 cm2 sr. Note that a good 

energy resolution is an essential parameter for high efficiency in detecting gamma ray 
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lines against a diffuse radiation spectrum. ASTROGAM is designed to detect gamma 

rays in the energy range between 1 GeV and 1 TeV, with energy resolution of about 

1% and an effective acceptance geometry factor of 7000 cm’ sr. 

The flux of monochromatic photons produced in the dark matter annihilation is% 

d4 N,<a,v> - 
zi = ZF ?7& J 0 d&,(~). 

N, is the number of photons generated in each process (=2), PD.&T) is the dark 

matter energy density at a distance T in the line of sight and < e-,v > is the average 

of the annihilation cross section into a pair of photons times the relative velocity of 

the annihilating particles. For a spherical isothermal galactic halo of core radius a 

and local dark matter density pO, the DM energy density is: 

PDM(IZ) = PO;;;;: I 

where R is measured for the centre of the galaxy and T, is the distance solar system 

centre of the galaxy. Replacing eq. (2) in eq. (l), one finds: 

dd N, pa 
zi= -0 < c.,v > J(b,l) 

877 m& 

where b and e are respectively the galactic latitude and longitude (b=l=O corresponds 

to the centre of the galaxy). Also: 

J(b,4 = (1 _ 6)3/a 2 
w [2+V/m+arcsin&] 

2 6G To 
+ + Q2 cos’ b cosz t? 

(14) 

(15) 

Using T, = 8.5 kpc, a = 5.6 kpc, p0 = 0.3 GeV/cm3 and measuring < oTv > in units 

of lo-s8 cm3/sec, at high galactic latitudes (b 1: 900), eq. (3) becomes 

d4 < c7-1” ha events 
xi= (wIMIG~V)~ 

. 110 
year s* cd (1‘5) 
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The event rates at EGRET and ASTROGAM are: 

R EGR = 
< 07.v ha 

(rn~~/GeV)g ” lo 
6 events 

year 

R AST = 
c UTU x26 

(wM/G~V)~ 

8. 10Sevents 
yem 

The astrophysical parameters a, T, and especially p. involve large uncertainties in 

eqs. (7-8). Note that the rate could be substantially larger in the direction b=.kO, 

if there is a large concentration of DM near the galactic center’. Before studying the 

predictions on < o,v-> from the various DM candidates, let us briefly discuss the 

sources of background. 

The estimate of the background should rely upon extrapolation from the 100 MeV 

region, where measurements have been made by the COS-B and SAS-2 satellites, 

and upon theoretical calculations. The main source of background is photons from 

?r” decay, where the pions are produced in baryonic cosmic ray interactions with the 

interstellar medium (ISM). Additional contributions to diffuse 7 radiation in the GeV 

region come from cosmic ray electrons Compton scattering with microwave blackbody 

photons or from their bremsstrahlung in the interaction with the electric fields of ISM 

atoms. At high galactic latitudes, the photon flux is predicted to be”: 

-1.7 
year -‘sr-1cm-2GeV-1. (19) 

Contributions to extra-galactic gamma rays may come from intergalactic cosmic- 

ray interactions, superposition of unresolved extra-galactic sources or matter-antimatter 

annihilation in a baryon symmetric Universe. However, their origin is very uncertain 

and an estimate of this background seems difficult. Therefore, eq. (9) will be taken 

as reference background, bearing in mind that the extra-galactic contribution could 

increase the observed flux. On the other hand, the background may be much smaller 

than (9) in directions at high galactic latitudes where the column density of inter- 

stellar medium is lower. Th ere ore, f the background estimates are very uncertain. 
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However, the line signal can be identified over the diffuse background once it is larger 

than the statistical uncertainty on the measurement of the background itself in the 

relevant energy region4. 

II. Predictions for Specific DM Candidates 

A. Neutrino 

A stable heavy neutrino, either Dirac (with no cosmic asymmetry) or Majorana, 

gives rise to a relic energy density consistent with n N 1, if M, N 10 GeV. Let us 

then consider such a neutrino as the constituent of the galactic halo and, in the case 

of Dirac, assume an equal neutrino and antineutrino density. The process vii -+ 77 

occurs at one-loop level either through a box diagram involving the associated charged 

lepton and the W* gauge boson or through an effective 2’77 coupling. Since the new 

charged lepton must be heavy, the dominant contribution comes from the effective 

Z”77 coupling involving a loop of fermions, yielding a cross section, in the non- 

relativistic limits: 

p2G2::tN CfCfQ;T,DZJ 
1 

where Ct, Qt and Tf are the color factor (3 for quarks, 1 for leptons), the electric 

charge and third component of weak isospin (zk l/2 for up and down quarks) of the 

fermion running inside the loop. Also: 

DZE 
m;-4m; 

mi-4mZ-il?zmz (22) 
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I 

1 - i(arcsin 6)s faz<l 

.7(x) = 
I 

1 - i( f + ilog(G+ m))” 

faz>l 

Finally, N=l, l/4 for a Majorana and Dirac neutrino respectively. 

If all fermions were degenerate in mass, the sum in eq. (10) would vanish, because 

of the anomaly cancellation in the standard model. Even if the cancellation is not 

exact (mainly due to the top quark contribution), plugging eq. (10) into eq. (8), one 

predicts less than 1 event per year at ASTROGAM. The signal from DM neutrinos 

is too small to be observed. 

B. Neutralino 

A very promising DM candidate is the neutralino (x), a neutral Majorana ferrnion 

predicted by low energy supergravity models. Its relic energy density is close to the 

critical density of the Universe, in a wide region of supersymmetric parameters’l. 

Let us then assume that the galactic halo consists of neutralinos and consider the 

annihilation process xx + 77. A large number of Feynman diagrams can contribute 

to the process at one loop level. The higgsino component of x will mainly annihilate 

through 2” with the rate given in eq. (lo), replacing m, with m, and N with 

the relevant higgsino coupling. As previously discussed, this rate is too small to be 

detected. The gaugino component of x will annihilate into a pair of photons through a 

box diagram involving the matter fermions and their scalar supersymmetric partners 

(f). In the limit of pure photino, the cross section is? 

$m:, C, SJ 
a 

f 
(24) 
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where the sum runs over both left and right sfermions. The contributions of other 

diagrams involving chargino and Higgs boson exchange have been discussed in ref. 5. 

Although in some region of parameters these terms provide the leading contribution, 

they never give rise to rates much larger than eq. (13). Therefore, the result in eq. 

(13) can be considered as a reasonable estimate of the total cross section. 

Apparently, the counting rate in eqs. (7-8) is now almost independent of m,, since 

the cross section eq. (13) scales like mi. This is however not true, if one consistently 

requires that x has a sizable relic density ‘9s In fact, if the total x annihilation cross . 

section (and therefore n,) is kept fixed, the rates (7-8) decrease for large x masses 

approximately as m;“. 

The predicted rates at ASTROGAM and GRO as function of the neutralino mass 

are shown in fig. 1-3, for x relic density fiha = 0.25 and 0.025 (h is the Hubble 

constant in units of 100 km/Mpc/sec, l/2 5 h 5 1). The mass of the sfermions 

are determined for each m, by fixing the value of ah’. For the lines of the figures 

labeled “not split,” all squarks and sleptons are assumed degenerate in mass. For the 

lines labeled “split,” a common squark mass, M- P’ and a common slepton mass, M- 
f’ 

are taken with the assumption M; = 3&f- as generally predicted in supersymmetric 
f’ 

model with radiative symmetry breaking. Also shown are the region corresponding 

to squark or slepton masses excluded by either the CDF limit” or the ASP limitI 

on single photon events. As a result, no more than tens of events per year can be 

expected at ASTROGAM. At GRO, the smaller signal and larger background make 

the process unobservable. 

C. Sneutrino 

If the sneutrino (L), the scalar partner of the neutrino, is the lightest supersymmetric 

particle, it is a possible DM candidate. However, due to the large annihilation rate 

in Y”Y-1 YY, a sizable sneutrino relic density is not easy to be achievedX4. Moreover, 
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the present limits on DM disfavor the sneutrino as constituent of the galactic halo’. 

Nevertheless, the case of a light sneutrino DM candidate is not ruled out. 

If present in the halo, the sneutrino can annihilate cc*+ 77, with a dominant 

contribution given by a box diagram involving the associated charged lepton and the 

fermionic partner (x+) of the W. This leads to a cross section of order 

m?. 
< 07” >-. a4 y 

x sin’ 0~ mz+ (25) 

Thus, requiring that x+ does not largely deplete the relic abundance of Y’s, we can 

expect that a few GeV sneutrino could produce some tens of events per year at 

ASTROGAM. 

D. Luxino and magnino 

We have seen that the rates for gamma ray lines from halo annihilation of the most 

popular DM candidates are rather low. This is true primarily for two reasons. First, 

the number density of DM particles in the halo is low, and the annihilation rate is 

proportional to the density squared. Second, the cross section for annihilation of 

neutral particles into two photons typically occurs only at the loop level, and it is 

suppressed by a factor of CY”/~’ with respect to the dominant annihilation channel. 

In turn, the total annihilation cross section of a DM particle can be determined (at 

“freeze-out”) by requiring a cosmologically relevant relic abundance: 

lows cm3 
< c7’v >.nn” -- 

ilha set (26) 

where some dependence upon the “p” versus ‘Y wave annihilation has been left out. 

As a way around this, one can consider a class of particles, called luxinos, whose 

main annihilation channel in the early Universe is into two photons. Assuming this, 
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(27) 

at GRO and a rate about eight times larger for ASTROGAM. Here ml and S& are 

the luxino mass and relic energy. This substantial rate should be visible above back- 

ground by the EGRET detector. A specific model for a luxino, invisible in direct DM 

detection experiments via nuclear recoil, as has been suggested in ref. 5. 

It is also interesting to mention that the magnino (m”), the particle proposed in ref. 

15 to solve the solar neutrino problem, has an annihilation rate in the early Universe 

moiZ -+ 77 which is of the same order of rn’??P --t f7. Therefore, if magninos and 

antimagninos are both present in the halo, a rate of order (16) is expected. 

Finally, signals even larger than (16) can be obtained by relaxing the condition 

that the relic density of the DM particle is determined by the “freeze-out” annihila- 

tion, eq. (15). For instance, the DM particle density can be generated by the late 

decay of a long-lived particle, leaving almost unconstrained the annihilation cross 

section. 

E. Technicolor dark matter 

Technicolor theories, where the Higgs sector is replaced by a sector of strong interact- 

ing fermions, have a natural DM candidate Is. In fact, the lightest technibaryon (LT) 

is stable since technic&r and extended technic&r interaction conserve techniferrnion 

number. Let us then assume that the LT is neutral and that the same mechanism 

giving rise to a cosmic baryon asymmetry (EB) produces a technibaryon asymmetry 

(&TB) of the same order. The relic density of LT is then 

(28) 
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since the LT mass (mLT) is about ATC/hqCD = lo3 times larger than the mass of the 

proton (mp). Therefore, technic&r nicely explains the hierarchy between luminous 

and dark matter approximately in the correct range’*. 

The population of antitechnibaryons is exponentially suppressed and no annihi- 

lation in the galactic halo can be expected from technicolor DM. However, the same 

interaction that violates baryon and technibaryon number and generates the cosmic 

asymmetry, will mediate the LT decay with lifetime rLT N ($=)“TP N lo-‘6rp, 

where rp is the proton lifetime. This produces a diffuse flux of galactic and extra- 

galactic photons, with typical energy E, N lo”-‘* eV, 

TeV yeaT 
- - 10’8cm-2sr-‘year-’ 
mLT TLT 

(29) 

where N7 is the number of photons per decay. The flux of eq. (18) could be observed 

at ASTROGAM even for parameters corresponding to a proton lifetime completely 

unaccessible to experiments. 

Therefore, technic&r DM, which is rather elusive in direct searches via nuclear 

recoil, can very well be tested by studies of gamma rays in the region I%, 2~ lo”-‘s. 

III. Conclusions 

Detection of gamma ray lines in the GeV region would be a “smoking-gun” for 

direct DM particle annihilation into a pair of photons. Unfortuntely the signal from 

supersymmetric DM is only at the border of observability in future detectors, while 

the signal from heavy neutrinos is far too low. Nevertheless, new non-standard DM 

candidates (luxinos) can give very large rates, observable at GRO. Technicolor DM 

predicts a diffuse gamma ray spectrum in the TeV region, which could be observed 

by ASTROGAM. 
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