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ANISOTROPY OF DARK MATTER ANNIHILATION IN THE GALAXY 
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D:1rk rn:i.LlCJ (D~I) :innihil:ation in the G:..l;.cl K: h::ilo j,r; s trongly c11h:u1oed (booslod) wit h re. 
~«I to ::i d iff11.:1e 0}.I :innihil :i.t Du by t he p1eoenceor :1rn:ill ....::i.le D~ol c l1un JJ11. The d i:1L1ibution 
or c lurn1• in t he G:il:u:tic h::ilo i:1 d.:$cr ibecl in the r1amewo1k or :1t::ind::ird cannology :u1d h i. 
c1:i.rcl1 K::il struc ture ronn:i.tio u by t:..kiug into account. :i tkl:il dC5'tr11ctK>u o r c lilmpll by Jt;:irs. 
A tid:il d1!$LJUC lion or c l1lmp:1 in I he G:..l:u:tic d i:ik m<•llt,,; in :in :iniillOtropy in c l•lmp d i:1L1ibu4 
tio 11. A 001rcspouding :i.nnihil:aLDn or d :uk in:i.tler p:irticlei: in J111:i. ll -«;ile c lun1 Jllli producei 
the :ani:i;oLropic g:a.mn1:a.-1:a.y Jign:a.I with rcspecL to the G:1l:ic tic d i,k. Thi.s :aniJot ropy i.s 1:a.the1 

:on1 :a.ll ,"" 9%, :aud ' upe lin1poscd 0 11 th:a.t d ue lo off.a:i1te1iug pllSiLio11 or the Sun i11 Lhe G :ilax y. 
The :iu twtropy o r :in11ihil:aLD11 s igii:a.I with IClllJO: t to the G:a.l:icl ic d if.k p1,,.:ides :a po•ibili ty 
10 d iJcr imiu:ile 0~1 :inuihil:iLio11 £10111 the d iffu:oe g:a.mm:i.-1::.y b:ickg1ound!l o r oLhe r or igi11 

1 lt1troduction 

.!\ primordial pO\\'er-la.w s pectrum o f dens·1 ty Auctuat·1ons in t he Dark P.1atter (DP.,1) ranges from 
t he largest scales above the scales or s uperclustars o f galaxies to the smallest sul:rstella r scale.s 
according to prOOic tio n o f inflation models . T his permits to predict the proper ties of smaJlest Ol\tl 
s tructures from the known Ci\'18 Auctuat·1ons a.t la rge scales. Substructures o f DP.1 in the galactic 
haloes with a rather large mass, 2:: 107 J\fQ, were extensively d iscussed in early works, sea !Or 
example 1• T he no nf1 near dynamics and mechan ism or hierarch·1cal clus te ring o f t hese la rge D~·I 
clumps ware a nalyzed in both analytical calcula tions 2,.3,.t a nd numerical simulations~,G,? . At sul:r 
s te lla r ma&rscales or Di\1 Auctuations, a principal new phenomenon arise - the cutoff of mass 
s pectrum due to coll is ·1ona l and coll is ·ion less (free streaming) dam p ·, ng processes o f D ~·I par t ic les 
in the forming clumps. T he resulf1ngsmallast mas!i o f D~·I clumps is determinocl by the proper tie.s 
of D~•I par ticles, in parf1cula.r, by the.Ir e lastic scattering . See e. g~ and r~19rences thar~·1n for 
data.ilOO calculations or this cutoff. Additionally the cutoff of mas!i spectrum is inAuencOO by 
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t he aooustic a bsorptio n 9 a.t the t ime or kine tic decoupr1ng of 01"1 pa rt ic les 1° a nd a lso by the 
hori:ron~cale per turbatio n modes 11. The kinetic equatio ns ror 0~1.'l phase space de nsity were 
solved in 12 ro r t he case of pe rt urbed cosmolog ica l background by taking ·into account the acoustic 
absorption, hor·1zon-sca le modes a nd g ravitationa l pe rturba tions. A correspond·1ng value of the 
s ma llest clump ma.."" for ne utra fl no 0~1.'l is or t he o rde r of the i\'loon or Blut h mass. T he for ma tion 
of small~cale Di\1 c lumps w·1 th a ITl8.SS la rger t ha n the Eart h ma......,, J\f min~ 10 - 6JlfQ, have been 
explo red in nume rica l simula t ·1ons 13•14. A result ing d iffere nt·1a l number de nsity or small-sca le 
clumps, n(ilf) dilf a dilf/ ilf2 , tur ns out ve ry c lose to t hat obta·1ned ·1n the nume rica l s ·1mula t io ns 
of large~cale c lumps wit h mass J\f ~ 10& ilfc;,. T he other impo 11a nt result obtainOO in numer·1ca l 
s imula tions 13 is determinatio n of the ·inte rna l density profi le in the isolated c lump or minima l 
mass. The result ing de nsity profi le is a pproximate ly a pm\•e r-law, oc r - /J, with (J = 1.5 - 2.0, 
which is ·1n a good agrooment wit h t heoretically predicted va lue p = 1.7 - 1.8 according to 2. 

T he numbe r de nsity of sma ll-sca le Oi\1 c lumps exist ing no,vadays in the Galactic ha lo is 
deter mined by t he·1r t idal destrucf1on dur·1ng hierarc h·1ca l s t ruc ture rorma tio n ts a nd a lso b)· t ida l 
interactio ns wit h stars in the Ga laxy t3, I G, t:i",J8>l9~·21 . . 4 nnih.1la t ion of 01'•1 par t icles in s ma ll­
sca le clumps l.1,2!!~,!! ~ .~.!!C,2i,2S,!!!) e nhances the tota l 01'•1 a nn·1h.1lation s ·1gna ls in our Gala.xy and 

t hus boosts a chance ror indirect de tection o f 01'•1. 
T he usua l assumption ·1n calc ulaf1ons of Oi\'I ann·1hilaf1on is a. s phe rica l sy mmetry o f the 

Galactic ha lo. In t his case a n a nisotropy or a nnihilat·1on ga1nma- rad·1a t ion is o nly due to off~enter 

pos.1 t ion of the Sun in the Galaxy. Nevmtheless, a pr·1nc·1pa l sig nifica nce or t he ha lo nonsphericity 
ror the o bserved a nnihila t ion s ig na l was de monstrated in 30 . • 4ccord·1ng to obser vatio ns, t he axes 
of the Ga lactic ha lo e llipso.1d d iffer most pro ba bly no more tha n 10 - 20%, but even a much 

more larger d ifference o f a,xes, up to a factor 2, ca n not be excluded 31•32. T his leads to more 
t ha n a n orde r or magn.1 tude uncer tainty ·1n t he pred·1c ted annih ila t ion Aux from the Galactic 
anti-center d irECtion 30. It must be noted a lso t he .e.:·1ntrinsic11 annihilation a nisotropy caused by 
t he small~cale DP.,I cluste ring itselL .4 correspo nd·1ng angular po\\·er spectr um of a nn·1h.1la t ion 
s igna l at sma ll sca les is connected ":1th a power spect rum or 0~·1 c lumping 33. In princ iple, 
t he Oi\'1 cl umps may be seen as po.int so ureas at t he gamma-sky 30. .4 nother minor source o f 
annihila.tion a nisotropy is a dipole a nisotropy d ue to proper motion of t he Sun ·1n the Ca la.xy:M . 

ln 18 t he a nisotropy "' ith raspECt to the Ga lac tic d isk was discussed basing o n the nume1:1cal 
ca lc ula t ions or the destruc tio n of 01'•1 c lumps by sta.rs ·1n the d isk a nd taking ·into account the 
inAue nce or g ravitat iona l potentia l or the d isk on the c lump orbil$. It was a lso s ho\\·n IS,l9 that 
(1) small~cale Oi\<1 c lumps dominate ·1n the gene ration of a nnihilat·1on sig na l and (ii) t he Galactic 
s te lla r d is k provid es the ma in cont1:1bution to t he t ida l destruc tion of c lumps at 1' > 3 kpc , i. e . 
outs .1de the oontral bulge region. A p rocess o f clump destrucf1on in the ha lo is an isot1\'lp.1c in 
gene ra l (e. g. it de pends on the inclina tio n or clump orbit wit h respect to the d is k plane). 
Respectively, the Oi\1 a nn·1h.1la t ion in the ha lo is a lso an isot1\'lp.1c . In this \\'Ork \\"e est ima te the 
va.lue of this anisotropy. It must be s t ressed t hat "·ith a present s tate or a.rt it ·is impossible 
to sepa ra te: t his s:>urce or a nisotropy from that produced by t he ha lo nonsphe1 .. 1city. i\'lore 
detailOO invest iga tio n is required to const ra in the sha pe of t he ha lo a nd to sea rch t he d ist incf1ve 
fea tura.s of a nn ·1h.1la t ion a nisotropy due to non~pherical ha lo clumpi nes.......,. T he de tectors at the 
G LASl' se.telf1te will be sensif1ve to anisotropy up to 0.1 % level 34• T his will provid e a hope to 
discriminate t he a nisotropic Di\1 a nn·1h.1la t ion s igna l from t he d iffuse gamma- ray backgrounds. 

2 A nisotropic dest ruction o f cluu1ps by dis k 

Crass·1ng t he Galactic dis k, a 0~·1 c lump ca n be t id ally destructed b.r t he collective g ravitationa l 
fi eld o f stars in the d isk. T his phenome non is sim.1la r to the destruction or g lobular c lusters by 
t he 11t idal s hockinga in the Galactic d isk 3!i. T he cor responding energy ga in pe r unit mass of a 
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clump a.tone disk crossing:JZ is 

(I) 

where 9m is t he maximum gravita.Lio nal acceleration of the clump moving t hroug h the d isk, 
Lil ·1s a verf1cal ( perpand·1cu la.r to the d isk plane) d istance of a DP.1 par tic le from the clump 
canter, tlz,.c is a ver tical component of velocity a.t dis k cross·1ng. T he dependence of tlz,.c on the 
inclination of orbit ralaf1va to the d isk plane is the origin of the d iscussed anisotropy in the 
clump d estructio n, and, as a result, t he o rigin o f the an isotro py in annihila tion sig nal. 

T he sur face mass of the Galactic d isk can be approximated as 

J\fd 
u,(r) = = •-''"', (2) 2rr·r0 

wit h J\fd = 8 x l010J\fQ and ro = 4.5 kpc, and t ha1\lfo re 

9m(•) = 2rrCu,(r). (3) 

\Ve use the power-la."· par8.Jlla t rizat ·ion 2•3,.t,t3 of the ·internal den.sit)• of a. clump 

3- (j (')-~ 
A"(r) = - 3- P R ' (4) 

where p and Ra.re the mean ·internal dans·1 ty and a radius of clump, respectively, p = 1.8 and 
Pini.(r) = 0 at 'I'> R. T he total (kinetic plus potenf1a.I) ·internal energy of a clump IOr den.sit)• 
p rofi le (4) is g iven by 

3-fi cu• 
IEI = 2(5 - 2/IJ If"" (5) 

where J\f is the mass of the clump. Lntagraf1ng ( 1) over a. clump volume and us·1ng the den.sit)• 
p rofi le (4), one obta·1ns a.n energy ga·1n for the "·hole clump as 

JlE (5 - 2/1) g!_ 
IEI = rr(5 - fl) Cpv#,,° 

(6) 

\Ve will use t he following cr·1 te rium for a. t ·1da.I destruction or clump: a clump is deslructad if a. 
total anarg,i,• gain E LlE, after several d isk cra;.sings exceeds the in.1 tia l internal anarg,i,• IEI of a. 
clump. 

Lat us consider now soma pa.1t icular orbit of a. clump ·1n the halo wit h an 11inclination11 a ngle 
; be tween the normal ~'€<: tors of t he dis k plane and orb.it plane. T he orb.it ang ular velocity 
at a d istance r from the Galactic canter is d4>/dt = J / (mr2) , "·here J is a.n orb.ital angular 
mo1nentum of a.clump . . !\ver tical velocity o f a clump craos·1ng the disk is 

•,,c = __.:!__ sin,-, (7) 
mre 

where 'l'c is a. d istance of crossing po.int from the Galaxy canter. 1'hera are two crossing po·1nts 
(w.1th diffa rnnt values o f 'l'c) duri ng t he one orbital period . T he momentum approx·1mation 
used hara for ca.lculaf1ons o f the t ·1da.I heating is violated a.t s mall inc linat·1on ang les,; <t: 1. 
Nevertheless the t\lsultan t an isotro py is a. cumulaf1va quru1f1ty. It results from an integration 
over a.II clump orbits, and orb.its w·1th ; <t: 1 prov·1da only small input into the an isotropy value . 

. !\ tidal heating and Anal destruction of clumps by t he g ravitat·1onal Aald o f the Galactic 
d·isk depends on the inclinatio n ang le 1· o f a. clump orb.it to the d is k according to ( I) . T his ·is 
a cause of t he an isotropic clump number density decreas·1ng dur·1ng the life time of the Galaxy. 
T he numerically calculated s urv·1val probability of Dli.•I c lumps in the ha.lo 3& is shown in the 
r ·1g. 1. T he annihila.tion anisotropy is a rLiAcia lly enhancocl ·1n t he Fig . 1 for better visualization 
for three chosan radial d istances from the Galactic canter, r = 3, 8.5 and 20 kpc respectively by 
us ing the d ifferent multiplicaf1on £actors . 
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Pigutc I: A s 1uviv:i.I probabili ty or D~ol c lun1pi: in t he h:ilo P(r,o) :iJ a r1lnct Du of ang le o betv.•cci1 :a r:idiu$-vccior 
r:ind t he d iJk pol:u :utf;. The plota :uc Jl:o.vn fu1 1~i :il diJt~nces f1on1 the G:al:x:Lic ce11tc r r = 3, 8.S ;:ind 20 kpc: 
rrorn t he bottom to t he to p. T l1eiccurVC$ mu:rt be muh iplicd by £:icio1J 0.04, 0 .4 :i.ud 0.9 1e:cpccih -dy to 1ep1odu°' 

the ::.cl11:i.I v.ilu.cs. 

3 A nnihilatio n rutisotrop)' 

F'or t he d'1ffusa d istribulion or D~·I in the halo, t he annihilation 1i1gnaJ (e. g. gam111Srray or 
neut rino Aux pe r unit sor1d angle) is propo rtio na l to 

l'tn .. ((') 

/" = l rJI,(€) d>, (8) 

where x = r/L a nd intagraf1on over r goes a long the line or sig ht, €((,r~ = (r2 + ri -
2rr(:) cos()l/2 is the d istance to the Galactic center, rmiu:(() = (ltfi -rtsin ()1/2 +rGcos( 
is the distance to the exte rna l ha lo borde r, ( is a n a ng le bet\\'een the line of obser vatio n a nd the 

d'n\'lct ion to the Galactic cante r, RH is a " i ria l radius of the Galact'1c ha lo, r 0 = 8.5 kpc is the 
distance between the Sun a nd Galactic center. The corresponding s '1gnal rrom a nnihilatio ns in 
or ... 1 clumps is proport'1onal to the qua nt '1 ty u; 

,.....,,(C) 

/" = µSp J PH({)P({,cr)P,p({)dx, 
0 

(9) 

whereµ. ~ 0.0.5 is a fraction of t he Dtt.'I mas.s in the form of c lumps, P,p is a s urvival probability 
of c lumps d ue to their t ida l destruc tions b.r stars '1n the ha lo and bulge from 19. T he funct'1on S 
depe nds on t he c lump dens'1 ty pro fi le a nd core rad'1us of c lump u; a nd "'e use S z 14.5. Hera fo r 
s implic ity \\'a do not take into account t he d istribution of 0~1 c lumps over their interna l d ens'1 t ie.s . 
. .\s a. mpresanta t'1ve example we oonside r the Earth-mas.s clum ps ill = tO-CJ\f0 orig'1natocl from 
2a density peaks '1n the case of power-la.\\· index of primordia l s pectrum of pe rt urbat'1ons np = 1. 
T he mean inte rna l density or these c lumps is p z 7 x 10- 2!; g cm - 3. T he values o rµ . s.nd S, as 
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Pigutc :?: T he :1nn ihilat~u !!:ignal (9) in t he Cal:x:Lic d i11k p l:i.ue and in vert ical plane ::.11 a £unct ion 0£ the ;:,ngle 
< beh.,•cei1 t he line or obeietv::ili011 and the d i1cct ion to the: G:il:u:tic ce111.er . For cnn1p:ui11011 it. ;, Jhow11 :i.lso the 
:..1u1ihil:ition 11ign:il rtoin the Galactic h:ilo wit hout. D~ol i;;l1lmp11 (8). The v:ilue' o r both integ111l11 (9) and (8) are 

multiplied by £:u:10 1 10"•, 

wall as t ha d is t ribuf1on or the clumps over various pa rameters inAuance the annih'1la t ion s igna l 
but only weakly affect the pred ic ted a nisotropy. 

In t he F''1g. 2 t he annihilat'1on signa l calc ulatocl according to (9) is shown ror t he Galactic d isk 
p la ne and ror the orthogona l verf1cal p la ne ( pas!i1ng through the Galactic cente r) as function 
of angle ( be tween the obser vntion d irection a nd the dimct·1on to t he Galactic cante r. Fbr 
compa rison in t.ha Fig . 2 ·,s a lso shown the sig na l from the sphar·1cally sy mmetric Galactic ha lo 
wit hout. t he 0~1.'I c lumps (8). T he later sig na l is the&me in the in the Galacf1c disk pla ne and in 
vertical p lane a nd therefore ca n be pr·1nc·1pa lly extracted from the observations. The d ifference 
of sig na ls ·,n two orthogona l planes at t he same ( can be considered as a n an isotropy measure . 
Defined as 15 = (/2 - /1)/ / 1, it. has a maximum value 15 z 0.09 at ( ~ 39». 

4 Discussions 

.4 total Misotropy of DP.1 M n·1h.1laf1on sig na l is de te rminocl in genera l by the Sun o ff-cante ring in 
t he Galaxy Md by the ha lo nonsphericit.y. T he sma ll-scale DP.1 c lumps a re oomple te ly d estruc ted 
inside t he Galact·1c stellar bulge regio n. T he 11gamma-r·1ng:i;11 are p rad·1c ted in other gala.xies due 
to the absence of clumps ·,n the ir cente rs 18. T he unknO\\·n no lls phericit.y of the ha lo ·IS a ma in 
source of an isotrop:r• uncerta:111ty. T he value of an isotropy d ue to nons phe ric.1 ty o f the ha lo may 
be severa l t imes la rger than one ca used by the discussed in th.IS pape r e ffect o f t ·1dal destruction 
of Dl\tl clumps by the dis k. P.'lore de tailed ana lysis ·IS req uirOO to sepa rate these l.\\'O sources o f 
an isotropy . . 4 no nsphericit.y (oblateness) of the ha lo due to t he a ng ula r momentum ca n be easily 
estimated . It is na tu ra l to 8..$Uma t hat. the DP.1 ha lo and d is k have the same value of s pecific 
angula r mo me nt um ( i. e . 8Jl angular mo me nt um pe r unit. llUISS). In this case the modal o f the 
P.'lacla ur·1n s phe ro·1d fo r the ha lo gives only ,..., 0.5% diffe re nce for the ha lo axes. T he re lOre , the 
nonsphar·1ci ty of the ha lo due to the a ng ula r mome ntum produces a neg f1gible a nisotropy. 1'he 
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an isotropy wit h respect to d isk plane in t he Galaxy '"as pointocl out in18 . As it is seen from o ur 
calcula tions (see Fig . 2) this a nisotropy of annihilation s ignal from the D~·I clumps w·1th respect 
to the dis k is rather small , ~ 9%, but. far exceeds the a nf1c·1patocl C LAST resolutio n, -v 0.1%. 
T herefore, the discussed anisotropy may be usocl ·,n fu ture detailed gamma-ra.y observaf1ons for 
discrimination of the annihilatio n sig nals from the D~·I clumps, d iffuse D~.cl in t he Galact·1c ha lo 
and d·1ffuse gamma-ray backgrounds. 
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