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Very High Energy
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A ba m et VeEy high energy gamma mw from gm ma m bm ts am u plained by the a pm dine sm bell model - U e high enerw

gamma my generauon d d eney , the r, lati via ic d eet , and dm ab- orpdon in com ic bacù rom d mdiat ion m taken into ä Þ unt -

I t is sbown that the ej ecuon d em ma myB ì ú ú e eneze e- hid Eer than 1OGev m y happen at É e vew k e nning d ² e flzebal l

ezpam or1º 10 - 5s m ² a EEleace up Ø 10 4 » 10 - 6cru - 2 m t vine aI dEe ea th .

gamma my bur- t , ££.mie my , × , ball modelK ey wor ds

1 Int roduction

Gamma my bumts ( GRBS) , flrstly detected by
VELA satel lite on July 2 , 1967[IU hm been a hid did Et

in astmphysics for thiny yean - On CGR0 , BA13EM]

identi fled GRB ' s isotmpic dietdbution and , in COZESe-

quenee, 812PPOEted GRB' ñ nd d F '

in 19¶ obeew ed X - ray d ter -

d ow m m to posi ton GRBs even in a few ammi nutes , ftl r-

ther confl rmi ns m m Com ol og eal countparts . Gamma

mys of eEBergHes higher than a few 10 GeV fmm GRBh

however , has not been obse¼ed , for which several e× er -

imenu , e . g . , Ú + C[51 and Tibet ASYMU am searchi ng

a pmsent , and some other experi ments , e . g . , ARGO-

Y Bf ] ÷ H sea æh soon . To m plai n the odg n of GRBe ,

the expanding fl rebal l model was mi sed . A tl reball m a
huge energy lepton bal l and expmzds relat i× sti cal l yMS] -

h the fl Ó bal l the pml ii l c cmaHon of e Õe pai rs wi l l i n-

hi bit the escape of photons unHl thei r energ es have been
deF aded below the pair pmduCHon thm hold [10] . Accord -

ing to thi s model , d er 1038 h m the k e nni ng of the

SE¢ebd l expansion , i ntemal shocks may generate ø mma
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,eRays from Gamma Ray

rays of eaerg ee l OkeV- 1OGeV , azzd after months or

weeks extemal shocks genemte ah e§ ow m X , radio and
opti cal bands[11- 13] . It was even fl gumd out É ± dud ng

the expansion them exi sts backn ow whem electm ns cm be

accelerated wi th veÇ Mgh eé d eney [Ð . h bd ef , dud ng

expansion , the fl mbal l cools dom and photon eneEW de-

creases - h tmzts tha hi d Ier energy gamma mys might be

generated at the much ear1ier stage of the Bmball expm -

Sion . I n th is paper , we wi l l deduce the generation time

and the n tam ee of gamma mys ì th the emerg es hid ler

than 1OGeV fm m GRBs and estimate mSUIts of some on-

going experi ments on hi 6 1 em Ây gamma mys b m GRBs .

2 V eE7 M d B en er g y ( 22 10 G eV ) gaEm m m y

n u en ce

2 . 1 Fh ºeba11 : b lack -bod y m d aao m

During veÇ early expansion , the f imball rad aHon is

thermal and optical l y thi ck , m i t cm be considemd ó a

black -body radiat ion . " Ie fl mbal l tempemtum T cm be

[ 15]calculated by :
T = ( E ¤ ( K Y ) Ã

2.75 ¤ R' ´ 1 µ



, q4

whem k is Boltzmann constant , h is the mduced Planck

constant , C is l idzt speed , E is Sreball eneEEy and R M
fl mbd l radius . 'IEe photon number density between E I

and E2 is then

n ( E I ´ EÃ ´ Ez , KTµ

where E Ã is photon eneE¬ y ,

{ 3 µ§ l

and

( k T ) s z z
² =FIß? (ea- 1)¤ (4)

Suppoei ng that the Embal l is compact to be i ts init ial

radi us Ro ~ 106cm . At the bee nEZing , i n a veÉ shod

ti me , the expm Sion is EYElativi stic and the eé d eney factor
M emi t photons Enid zt be supposed  be C2 - 10 ¤3 . Ah er

th± about 103s , obsew ed GRB photons am moetly gener -

ated by synchm tmn mdi ation dud ng internal shocks , £f
which the eEIciency factor is CI - 10 ¤2 , and GRB eneEÃY

E CRB is cal culated up to 1² - 1² ½ assumi ng m iso-

tm pic emission . h Ø nsequenØ the in i ti al fi rebal l eneª Y

E o is

E o = E GRB ¤ c f - c j 1 . ( 5 )

H E GRB = 1054 erg , the i ni M i temperaM Ó lsTo =

0 .Þ 58eù , and photoau ÷ × hid zer emezg es have lom r

densi ty ( Fig . 1 ) . Supposing that the expm Sion is ad iabat -

ic , whi ch means RT = const× " , R incmases and E

m d n deemases Ä a hmCHon d t ime t .
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Re . 1. Reh tion between pbÅ£" energy and

demity when lzT0 2 0 .Þ ¶ eE¬ ¤

h the l epton fl rebal l , only photons in a thi n sh n d

thicknegs ËM ' total mean fme path , on the h ebai l ô r -

face cm escape h m the Breball :

ß Ü ï í ë Ë ï í (EfEP& NP) Ú 27í

AM= -L , (6) FE6 M

wtzeIü ÒM is the total intemct ion cmss-section and n is

the ph´ on number densi ty . TEem am four types of inter -

acti ons among photons and electm ns : double photon anni -

hilati on , i nverse Compton scat ted ng , e + e - scattering and

e + e - anni hiI at ion . Double photon annihi lati on m d e + e -

scatter ing have m low intemction CEWes-sections and cm

k iÁ omd . Th e cross-secti on d i EEVen e Compton scatter -

ing is closed to , but a l ittle larger than that of eÕe - anni -

hi lati on - Hiå eneEü photons are generated mainl y in
AÔ , mean-fmepath d õ e - annihi l ation , and

L = ¹ », (7)
» ng -a

where Òm is the intemc6 0n cm- s- section of e + e - anni hi -

lation .

Consequ ently , the hid l eneE¬y photon generati on ef -

f lci ency

f 21©Å04 (8)
,. . .

r FLdz, 7(2¦ ¿
-

-

2 .2

u e fl mbadl expansion is cal cu lated M É the ntame -

cial method i n Rd . [ 14 ] Ø obtai n the s mball expansi on

veloei ty p = ð and Im É faØ r Y = 1/  7 ò ( Fig .

2 ) . Due to the aberration , a distant obeeEVer sees m m -

panding mdiation sphem id fmm the f l mbal l [16J . ì Ee

8pheroid has a focus at the eentm of the a mbal l , the

semimajor ó i s a = utf dimeti ng the Obsen er , the semi l -

atus rectum p = M and the eeeenm ity e = P ( Fig . 3 ) .

Relativi sticall y , the obsew er em only see photons wi thi n

a pol ar angle O of 1/ y i n the Obsew i ng di meHon , and the

eom spondi ng sol id m d e i s O = 2Ð( 1/ Y ) 2 . Ó Ering a du¤
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Fig . 2 . Relati on beheeen photon Ib rentz

factor y and EmbalI radius R .
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Fig . 3 . A EEeball expands Ý£m Ro t0 6 Ro - A distant otû

mn er cm od y see m expanding rad m on spbem id Ý£m the

arebal l wi thin m polar angi e O of 1/ y . Ò 2e sptzemid has a

focus u the eenM of the flreball , m zimaj or axis a = tt f

dimeting obMTver , sera - latus rectum p = u and eceenM ci -

ty e = ¬ . TTEe shaded areas are vol ume sending gamma mys

which ean h seen by obeeEVer- in expanding periods -

rat i on ( t l , t 2 ) , the vol u me of th e f lm bal l expansi on i n al l

d i E¬ c t i on i s :

212Ð 7 2 , ED 2 ¤i a 8
F , ó , Õ E - 2 9 e " e d 6 .

(1 - PC0¤87V =

When pú 1,

( (®® ) - ml}F CZ(s;V

2.3 Absorp" on in cosmic

Hi O enerEy gamma mys emi tted fmm GRBs m d 1t

be abeoE² ed paEt ly i n the inteE15d actic sp&ce due to Dou-

ble photon-anni hil ation wi th the coem c backF ound radi -

ati on . Fmm Rd . [ 17 ] , at opti cal depth Ó77 = 1 , between

1010eV mEd 1012eV , the mlaHon between photon eneEÙ7

E y and mdshi ft z of a gamma sou ree cm be taken appmp

imately as
z = 10 -0.u E J07 , ( 11)

wK EYE the uni t of E Y is TeV . AÞ a di ng to the m lati vistic

Doppler efTeet equati on ,

¸ ( z + 1) z - 1
( 12)C - (z + 1)2+ 1'

whem tJJ s the uni verse eµ m Sion velm i® , and Hubble

law ,

l =¥ , (13)

ó FSÄ õ ß Ü Ãä ßí À ª ' :´ Ô Ãas

where l i s the distance which photons cm pass when ÓÃr
= 1 , and Ho is Hubble constant ~ 75KEn - s - I - Mpc - 1. So

if z and E y Î ¢e e ven , the Ó EZMi ni ng mte of photons with

dig erent energ es after passing distance L cm be obtained

( Fig .4 ) :
¶ £b́ -t

, U t
Ç = e

o bsew ed hi gh energy GRBs,
Eüdshi ft fmm 0 .43 to 4 5 118]

Eedshifts aEü taken i nto

( 14 )
16 1» 16 4Ö , have

so hem only thme typical

account Ø shown in Fig .4 .

~

r

Eí á ev

Fig .4 . TEe remainizmg rate of photons vdth

diEerent energ es in digerent COSEBolog cal

di stances L : cizele , L = 1 . 5Gpc , z =

0 .48 : Ç 1Bare , L = 2 .5Gpe , z = 1.© s M -

and e , L = 3 .SG, e , z = 5 2 4 .

{9)

(10)

2.4 Gamma ray nuence

Ç 1e gamma my fhzeEee can be obtained now :

F V - n - e - q
L 2 (15)

~

, I¤ (33 Á 10- 5}

Fig .5 . ö ,e Euenee of photons with diEemnt

energies changes with fimbaIE expension Ume :

solid cim le E v = 10GeV ; square E y = 25 GeV ;

ut aZEd e E v = 50CeV t iEWer, e M and e E 7 =

75GeV ; É i te cim le E y = 1Þ GeV .
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Fig .5 shows the auenee d photons ÷ × disk ent en- UOEh about 10 ¤ø , the GRB ÷ × obeerw d enezw 1² eE¬

eEg es a di gerent BmbalI expansion time . At the veÇ be- m y send out m m than 10GeV Á BEma mé d which the
g aming d expansion , about 10 ¤58, the nuenee d 1OGeV h ence on the eanh is up to 10 - 3- 10 4 em- 2, ,,² ich is

Á mma mys on the eanh Ê up Ø 10¤3cm- 2, i .e . , 10 - s compatible ÷ × upper l imits given by EAS10 PIW] . So it

erz -cm- 2. v eE7 quickly , the number of Á ZEBEma mys m- should be 1038 betom GRBS ÷ × lower eneEgy gamma

duces many orders . Fig .6 is the spectmm of Á mma mys rays, 1OK V» 1OGev , Ø seaEæh for veÇ Md E eneEü

in diEemnt Com olog eal disMEmes - 111e spectmm is hmd ¤ Á mm rays larger É m l OGev . Much MO m- eneERY Á m¤

a a th e par t of h i d 1er energ es th an l ow er on ¹ ¤

l o - 3

10 - ¤

i
10- ,

Fig .6 . t h e spec»a d Á mnza rays m diEer-

ent m emolo,Heal diÜ Øü ' : eizele , L z

15 G?c ; sqUE e , L = 2 5 Gpe ; wianele , L =

3.SCpe.

3 Discusston

At the k e nning of expansion , in a veÇ shod dum-
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