
OG 2.4.15

EG RET O bservationsofC l ust ersofG al axi es
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Abst ract
EGRET datafrom CGRO observat ion cycl es1 t o 4 wereanal ysed f orgam m a-ray em issi on f rom indi vi dual
candi datesofan X - ray f lux l im ited sam pleofcl ust ersofgal axi es.Thegam m a- ray f luxesdet erm ined above
100 M eV att he posi tions of t hese cl ust ers ar e gi ven and ar e di scussed.I n order t o invest igate further
indi vi dualgam m a- ray i m agesofa sui tabl e sam ple ofgal axy cl ust ershasbeen co- added and anal ysed.The
resul tsar e present ed and wi llbe com par ed with recentm odel sand pr edi ct ionsoft he gam m a-ray em issi on
from galaxy cl ust ers.

1 Int roduct ion
Clust ers of Gal axi es ar e excel lent r epresent atives f or f orm ation and evol ution of st ruct ure in the

uni ver se,and ar eext ensi vel y st udi ed atr adi o,opt icaland X - ray wavel engt h.Fr om real ist icm odelling oft he
dist ribution of t he i ntergal act ic m edium within gal axy cl ust ers i t i s suggest ed that a f ract ion of t he
ext ragal act ic di ffuse gam m a-ray backgr ound coul d well be or iginated f rom galaxy cl ust ers. About t he
quant ity oft hesuggest ed cont ribution ratherdi fferentest im ationscoul d bef ound i n the l iterature,t herefore
the si tuation appear s si m ilar t o the cont ribution ofAGN to the ext ragal act ic gam m a-ray backgr ound.I n
cont rastt o the well-obser vabl e popul ation ofAct ive Galact ic Nucl eiwi th EGRET,so f arno gal axy cl ust er
has been di scover ed i n the hi gh-ener gy gam m a-rays.Never thel ess,f or sever ali ndi vi dualgal axy cl ust ers
preci sef lux pr edi ct ionsf ort heEGRET energy r egi m ealready exsi st( i.e.Enssl in etal .1997,Col afrancesco
and Bl asi1999) ,butpr edi ctgam m a-ray f luxes cl ose t o the sensi tivi ty l im itof t he EGRET telescope.A
discover y ofgal axy cl ust ers as a new cl assofobser vabl e gam m a-ray sour ces woul d di rect ly i m prove our
under standi ng oft heCosm icRays( seei .e.Darand Shavi v 1996,Ber ezi nsky etal .1997,V öl k etal .1996) .

2 Thesel ect ed sam pleofG al axy Cl ust ers
Foranal ysi ng theem issi on char act erist icsofGal axy Cl ust ersi n thehi gh-ener gy gam m a-raysasam pl eof

X -ray em itting Clust ersofGal axi eshasbeen com pi led.Thi ssam ple isbased on X - ray f lux l im ited Clust er
sam plesf rom theEINSTEIN (Edgeetal .,1990) ,EX OSAT (Edge and St eward,1991)and ROSAT sur veys
(X BACs:Ebel ing etal .1996,BCS nor th:Ebel ing etal .1998,BCS sout h:De Grandietal .1999) .Cl ust er
sel ect ions i n X -rays cur rently pr ovi de the bestway t o obt ain com plete sam ples withouti ntoduci ng bi ases
(i.e.pr oject ion ef fect s) .Appear ing asext ended sour ceswi th radi i( rVTP)ofsever alar cm inutesi n X -rays,t he
lim ited angul ar r esol ution of exsi st ing gam m a-ray t elescopes j ust ify the at tem pt t o anal yse Cl ust ers of
Galaxi es as poi nt-like excesses i n the hi gh-ener gy gam m a-rays.For 58 i ndi vi dual X - ray br ight gal axy
cl ust ers within z < 0. 18 gam m a-ray dat a from the Com pton GRO high-ener gy t elescope EGRET were
anal ysed.

3 Thegam m a-ray anal ysi sofG al axy Cl ust ers
So far,no gal axy cl ust erhasbeen f ound posi tionalcoi nci dentwi th gam m a-ray poi ntsour cesi n exsi st ing

EGRET source cat alogues.Onl y f ort he Com a clust era r esul tofan EGRET anal ysi s has been publ ished,
based on obser vat ionswi thin CGRO cycle 1 and 2 ( Sreekum aretal .1996) .I n the anal ysi sdescr ibed her e



EGRET-data from CGRO observat ion cycl es 1- 4 were used f or t he anal ysi s of i ndi vi dualcl ust ers.Al l
indi vi dualgal axy cl ust erswere anal ysed by m eansofst andar d EGRET analysi spr ocedur es.The sam e al l-
sky count s,exposur eand i ntensi ty m apswere used asdescr ibed i n the recent ly publ ished 3EG cat alogue of
gam m a-ray poi ntsour ces ( Hartm an etal .1999) .The advant age ott hatpr ocedur e is the possi bi lity ofan
adequat e usage ofr esul ts f rom the al ready per form ed extensi ve dat a processi ngs f ort he EGRET catalog.
Thereforethem apsfrom the3EG catalogue( E > 100 M eV)coul d becor rect ly used i n conj unct ion with the
exsi st ing 3EG cataloguesour cel istand am or eexpanded,butl essr el iabl edeterm ination ofeach gam m a- ray
excess above a l ower,butuni form 3.5 τ detect ion threshol d.The m aps ar e sear ched f orr esi dualsour ces
af term odel ling and subt ract ing ofal ready cat alogued and det erm ined gam m a-ray poi ntsour cesby usi ng the
m axim um -likel ihood t echni que.At t he posi tions of t he consi dered cl ust ers the gam m a-ray i ntensi ty i s
determ ined.Appl yi ng the sam e detect ion cr iterium like al ready used and descr ibed f ort he EGRET source
cat alogues,noneoft he58 gal axy cl ust erscoul d bedet ect ed i n theEGRET data.Speci alcar ehast aken i nto
account( and i si ndi cat ed i n Tabl e1)when exsi st ing EGRET sourcesar ecl oset o theconsi dered cl ust er.The
strongestgam m a- ray excessf ort he candi datesi n Tabl e 1 i sa 1. 9 τ excess i n the case of A3532,butnot
consi dered asadet ect ion.Ther eforeforal lgal axy cl ust ersonl y 2 τ conf idenceupperl im itswerefound.

Trigger ed f rom this negat ive r esul ton i ndi vi dualCl ust ers ofGal axi es,an appr oach has been m ade t o
study whet herornotgal axy cl ust ersradi atein gam m a-raysasapopul ation.Fort hispur poseEGRET count,
exposur e,and i ntensi ty m apsf rom CGRO observat ion cycl es1- 8 were used,wheneveran EGRET poi nting
was within 25° oft he consi dered cl ust erposi tion.Af terco- addi ng oft hose i ndi vi dualm aps a coor dinate
transf orm ation i nto a cl ust ercent ered coor dinate syst em hasbeen appl ied.The f ol lowing st ep off urtherco-
addi ng ofi ndi vi dualm apsi n cl ust ercent ered coor dinatesi nto the f inalsuper posi tion requi red the excl usi on
ofei gth gal axy cl ust ers due t o poorangul arsepar ation f rom the Galact ic di sk orst rong EGRET sources
within the cent err egi on of t he 25° by 25° m ap f or each i ndi vi dualcl ust er.Thi s assur es t hatt he cent ral
regi on oft he f inalsuper posi tioned m ap isnotdom i nated f rom already known gam m a-ray poi ntsour cesor
Galact icdi sk gam m a-ray em issi on.Thehom ogenei ty oft hesuper posi tion i si ndi cat ed f rom the under layi ng
exposur e (Figure 1).The cent ralbi n in the exposur e m ap is 2.5·1010 cm2 s,t he l owestval ues i n the m ap
about5· 109 cm2 s.Fi gure 2 showst he resul ting i ntensi ty m ap from the f inalsuper posi tion ofal lavai labl e
EGRET data within 8 year soft he CGRO m issi on on 50 i ndi vi dualCl ust ersofGal axi es.The r esul ti s that
no excess atal li s i ndi cat ed i n the cent albi n oreven t he cent ralr egi on of t he const ruct ed i m age.W hen
indi vi dualexposur e fract ions and wei ghted i ntensi ty cont ribut ionsar e determ ined,a quant itative r esul ton
thesuper posi tioned cl ust ersam pl ewillbegi ven.

4 Discussi on and Concl usi on

Thenegat iver esul tsf rom thegam m a-ray anal ysi sofEGRET dataabove100 M eV atposi tionsofi ndi vi dual
Clust ersofGal axi esaswel lasf rom the super posi tion ofgal axy cl ust ersm ightpr ovoke som e suspect ions.
Categor ical ly,t he quest ion of an appr opriate sel ect ed sam ple of gal axy cl ust ers m ightar ise.The st rong
assum pt ion hasbeen m adet hatnear by X -ray br ightcl ust ersdo haveagood chancet o radi atein thegam m a-
raysal so,suppor ted f rom variousm odel sofm ul tifrequency em i ssi on pr oper tiesofgal axy cl ust ers.Due t o
the di fferentdi stances and si zes of t he var ious candi dates i n the cl ust ersam pl e an be r evi sed and bet ter
sam ple m ightbe const ruct ed i n the f uture.And an appl icat ion ofany m or e sophi st icat ed anal ysi s m ethod
fort he super posi tioned cl ust ersam pl e is f arf rom being trivi al ,i twoul d incor porate det ai led and pr eci se
m odelling of t he Galact ic di ffuse em issi on,shoul d be abl e to deal wi th ext ended gam m a-ray em issi on
featureset c.Despi te thata r ecentm odel ling oft he gam m a-ray em issi on f rom galaxy cl ust ers onl y pr edi ct
val uesbel ow the sensi tivi ty ofEGRET (Colafrancesco and Bl asi1998) ,som e upperl im itsf rom indi vi dual
Clust ers of Gal axi es ar e al ready sensi tiv enough t o rest rict ot her m odel pr edi ct ions on t he gam m a-ray
em issi on f ound i n thel iterature,f ori nst anceon A426 ( Enssl in etal .1997) .
B



# cl ust ernam e f lux ( E > 100 M eV)
[10-8 cm-2 s-1]

com m ent excl uded f rom
super posi tion due t o

1 A426 (PER Clust er) < 3. 73
2 O PH Clust er < 7. 49 G alact ic Plane near by
3 VIR Clust er < 2. 20
4 A1656 ( CO M A Clust er) < 3. 26
5 A2319 < 3. 80 G alact ic Plane near by
6 A3571 < 5. 17
7 A3526 ( CEN Clust er) < 5. 30
8 TRA Clust er < 8. 13
9 3C129 (3A 0446+449) < 5. 28 G alact ic Plane near by

10 AW M 7 (2A 0251+413) < 3. 60
11 A754 < 7. 43
12 A2029 < 6. 36
13 A2142 < 5. 24
14 A2199 < 10. 43 onl y 1. 9°of3EG J1635+38
15 A3667 < 3. 38
16 A478 < 6. 10
17 A85 < 6. 77 onl y 0. 8°of3EG J0038- 09 sour ce cont am ination
18 A3266 < 3. 28
19 A401 < 4. 97
20 3A 0745- 191 < 8. 28 G alact ic Plane near by
21 A496 < 8. 92
22 A1795 < 5. 50 3°of3EG J1347+29
23 A2256 < 4. 28
24 CYG A Clust er < 6. 24 G alact ic Plane near by
25 2A 0335+096 < 9. 20
26 A1060 < 13. 66
27 A3558 < 3. 71
28 A644 < 9. 80 onl y 1. 4°of3EG J0812- 06
29 A1651 < 4. 00 onl y 1. 8°of3EG J1255- 05 sour ce cont am ination
30 A3562 < 3. 51
31 A1367 < 2. 65
32 A399 < 5. 18
33 A2147 < 7. 45 onl y 0. 7°of3EG J1605+15 sour ce cont am ination
34 A119 < 4. 84
35 A3158 < 2. 35
36 HYD A Clust er < 6. 95
37 A2065 < 5. 48
38 A2052 < 5. 50
39 A2063 < 5. 25
40 A1644 < 3. 33
41 Klem 44 (A4038) < 3. 38
42 A262 < 4. 25
43 A2204 < 8. 74
44 A2597 < 7. 83
45 A1650 < 2. 78
46 A3112 < 5. 75
47 A3532 < 8. 39
48 A4059 < 3. 00
49 A3395 < 6. 51
50 M KW 3s < 5.07
51 A1689 < 3. 50
52 A576 < 3. 38
53 A2244 < 9. 43
54 A2255 < 5. 44
55 A1736 < 3. 86
56 A400 < 5. 63
57 A2657 < 7. 93
58 A1775 < 4. 42
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Figure 1 : EGRET exposure m ap oft he co- added
gal axy cl ust ers.The coor dinate syst em used her e
is a cl ust ercent ered syst em where the or igin
cor responds t o the X -ray posi tion of each of t he
respect ive gal axy cl ust ers. The hom ogeneous
sym m etry i n respect t o the cent er r egi on of t he
total exposur e m ap is easi ly seen. Thi s i s a
prem isef oran i nterpretation oft hei ntensi ty m ap.

Figure 2 : EGRET intensi ty m ap oft he co- added
gal axy cl ust ers. The dar ker gr ey col ours
cor respond t o lower gam m a-ray i ntensi ty.I f t he
col lect ive sam pl e of gal axy cl ust ers radi ates
gam m a-rays, an excess shoul d be seen at t he
cent eroft he i m age.The r atherf latr egi on att he
ver y cent er of t he m ap indi cat es, t hat nei ther
si ngl e gal axy cl ust ers nor t hei r super posi tion
coul d cur rently be consi dered as obser vabl e
gam m a-ray sour ces.


