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Abstract. Unique data orr BIiRI 1ight t:rrгr,еs rlf t}re tlpti<:trl tralrsierrt (ОТ) of GRB 970508
otltairied l,r'itir the б пr telescoile liave beett ititc:rliгetecl in thc fгаtrtr:lчсlгk of tlie itlea clf ii stгaiglit-
fОгwаrd link betrveer} suрегпочас (SNe) arrd 1orrg drrгatioll gапuпil-rау tlrrгsts (GRBs). Tlrc: ef{'ec:t

rnust Ье lrra,xitnutrt irr the .1.. band as fог ОТ GRB 970228. Tlre 1lc:ak irbstllttte (,4./;3) nrirgnitudc
rэf tlre suggestr:d SN tttust btl trгclttrrcl -19.5 iог tlre ОТ Lif GRB 970508, So, iп addition to t}te
clraracteгistic "shоuldеrs" on the light сuгчеs of tlre OTs o{'CiRB 970228, GRB 980326, 990712,
991208, mоге evidence of the lirrk betrveerr GItRs atrd Tvpe lb/c: SNe (оr cortrc:clllirpse SNc) п,аs
found, whicli could tэe ап aгgrrrriotlt itt firr,ог tlf tlrc iclea of lna,ssil,c-, staгs tts рrоgспitогs clf 1<lrrg

durtrtiorr GRBs. If zill оr the rrrairt рiiгt сlf long thtгаtiоrr GR.Bs trге irssclciatcld with tlre SNe, GRB
irost gtrlaxies (fог ground-basctl tlbservatiotts, at least) rrtust Ье clilttrrteг tharr thc: pelrk rrragrrituclc
of а S}c', If sorne GR.B/SN rela,tion reall1,c-'xists. trncl if ir,1l ог trt lcast tlr<: nulin рагt оf lotrg сluгаtiоrr
GRBs аге assclciateci wit}r SNc, tlreri as il consequollсe we hilvc it vcr,), stгопg 1,-гау betrrnirrg rvitlr
а solid arrgle of up to ()1,",r,,. - (rO"b - 10"6) -1т. Besiclt:s, ttrc: оl;sсгr,irtiопs of Ii. lilrtls tif irott
irl tlre Х-гаl,аftсгglоw sресtга of GRBs (970508.970828. 991216, 0t]021-1) atrd tlle oilsclгl,tltiorl tlf
redshifted tlbsoгptioll fiэatitre оf ttetttгtr1 iгоrr (7.1 lttlY) sirrrLrltattclclusi1, rvitlr GR,l] 990705 ilге alst;
evitlence 1п fачог of lliassive stirrs ргс.lgеtritс;гs of GRBs.

КеУ words: gаlпmа rауs: bursts: galnпriI г;iчs: oilserr,atitltts i4ttltlIIlit гtiy: iriciivitltral:
GR.B 970508

1. Introduction

Tjie паturе of 1-rtlr, Ьuгsts js still tr tlclb;rtecl isslre,
but tlre consellsus is grou,irig on the associat,iclrr оf
GR.Bs rvith rnassivtэ stars ргtlgеtritоrs. Tlrc lclrrg ciu-
ra,icltr GRBs аrе рrоЬа,Ьlч cortrtectcсi ц.ith the deatlr of
rrtassive stars and herrce wit}r а supeгI}ovii,like expio-
sion (Paczirlбki, 1999; L,{trcF;rdyen & \Votlslc:v, 1999.
and rеfеrепс;еs thегеiп) . Очеr the past t}rгсс усагs
this "}ryperrlova" <lг "collapsar" rrrodc:l lrtrs gailred
stгerrgth, especially Ьесаusе long durаtiсlrr GR.Bs llal.e
been found to оссuг irr star-foгrrlirrg гcgiorrs of thеiг
galaxles the orrlv places лчhеге чсгч trra,ssil.e sta,r,s

Iive and dic: (Fruс}itег et al., 1999; Hogg & Еr,utlhtег,
1999; Вlоопi ct а1., 2000; Sokolov et tii., 2001). Tlrcl
leading sсепагiо поw fог lorrg сiuгаtiоrr GR.Вs is tr

suddelr collapse of а пrassive гарidlу rotttting sttrr.
N,{ay Ье rrreгging пеtltгоп stагs stil1 rc:rnairt tt pobsi-
bility, fоr the shогt GR.Bs, but this rnodel (Lattirrrcr
& Schra.rlltn. 1976) ltas lclst fачоr as ап c:xplartatiort
fог long duratlorl GRBs, tlrosc lasting пrоrtэ thati 1

second,

Tlris рареr shоъ.s possible cotiscclrtcrrces fЬr t}re
scertario explaining GRBs if пlassive stагs а,ге GR.В

ргоgсriitоrs ac:trr:1,111,. Irr 1lar:t,icuiar,, lrs ir rcsult clf evtl-
lrrtiorr tlrc tnassir,tэ stidгs .tt, ;i \\Ъlf-R,аусt lrlrase (rvirich
is сlrагасltегizсtl lly а stl,ong stсllаг rvirrcl) carr ргосiuс:il
rаtttt:г cietlstl tlttvel<l1lt-,s ;lгouttd t}tetlr :,rrr tlflect tlf
tlrc \\IR, stelliir rr,irtcl itttcгat:titrg rvitlr tlrt: irrterstella,r
ltttэcliultt (Rarrriгez-Ituiz et ai., 2001).

First ri.cl cottsitlcr soпre feattrres of l3l'R1 light
(lllг\Iеs of sltc:}r а li,e]l-stutiied olэjoc:t as Г,hе ОТ of
GRB 97050Е (Sokolor. et :r1., 1998; Gаlапrа et al,,
j99E: Srlkolil\. et tll., 1999). \\'е btgiri tlrc апаlysis of
thest: {c:atrrrcs оГ the BY'RI light сrrгvt:s lr,ltc:n tltc
GRB lrost g;iiaLx1, is оЬsсгr,есl. Тhс:гtl is irtclepcncient
r:r,iclc:irc:c: itt Itrr.с г crf tlre rriassir.e GRB рrоgепitогs: art

least irr sorrre GR,Bs а SN Irtay btl t}rc: огigiп of а red
c()lil])ou()nt (ог а s}rtirrlcltэг) irr tlit: В|'RI light crrгves
of а G}iB аft,t:гgiоw, dc:tecttltl sеr,с:rаl rvcleks а{tеr, t-l

GILB" А 1lossiblc: r:cllrtгibiltiott оf tl SN irr ttre В1.'Д1
liglrt crrrvc:s of GI],B 970508 is соrtsi<tс:гtlсl. T}terr, olr
tlro basis of the iig}rt сrrrr,сl of the ОТ of GRB 970508
апtl оtltt:г GltB tгausicrrts r.vith drrc rеgtrгсl tЬr tlrc otэ-
scгvtrblc rnirgrritucles of GRB host galaxies, tlre pc;ssi-
bility of the stг<lпg GRB beir,rriirrg п.i11 ile gгоuпdеd.

'Ihc ргеsеriсе of а cortsicleralrle c:orrrpclrrent of the

@ Spt:cial дstгорlrчsiсаl оLlsегчаl,с.lгч o{'t}re Iiussiart AS, 2001
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Х-rау eniission in tire radiation of BeppoSAX's GR,Bs
lvlriclr is оЬsеrчеd sirriultaneorisly lvith tlre 1опg сlu-
гаtiоп GRBs (оr а pгorrrpt GR,В Х-rач elnissiorr) is
\,сrу essential. The ltaliari-Dutch X-rtry пrissicln Вер-
poSAX caIr provicle liot ollly агс Ininute localizatiorr
of GRBs, but also п}easuremelrts of thс:ir spectra ilr ir

Ьгоаd (2 to 700 keV) errergy band (Рiго et irl., 1998;
Fгопtега et а1., 2000). Тhе iгorr line fс:zrturеs (also сlе-

iected in tlre Х-rау аitегglоw wit}i tlre ASCA a,nd

C'lralrc]ra satcllites) lvoul<l stгorrgly suggcst а lllirssivt,
stеllаг GRB ргоgепitоr too, sittctl tlresc fсаtuгсs call
ile сlirесt сэчiсlепсе {Ьг t}rc existtlrtce оf tlresc: dcllse еII-
гclopes irr tlre vicirrity of а рге-GRВ object. Thc trc-
,,оuпt fоr а huge fоrсе of J)гOSsurе ori t}re ellvil,ollllrсllt
al,cltlnd а GRB-progerritclr рrосluсесl Ьу а }ruge irrrd
:llghly collirrrtited flux of t}ic prorript ?-r?i}, arld Х-га1.
:adiatiori can considerab11, cllarrgi: оuг uпdеrstапdiп8
,l а GRB afteгgloiv.

2. The light curves: multiband photom-
еtrу of the GRB970508 optical соuп-
tеrраrt

Tlrc: ОТ оf GRB 970508 is а secoltd optical sоuгс€]
_.,lated to а 1-rау hrгst гсgistегеd Ьу tire I3c:ppoSAX
.l,tellite. T}re optical variabltэ ob.ject rvas first герогtесl

,, Н. Вопсl as а possible optical counterpirrt of GRB
,lU508 (Boncl, i997) and was irrrlcpenciently tiluncl irl
,iг data (fi. batrd, 1rrr telescope) orr1l,alэorit 0.5 c]iiy

. .iег. Ot)seгvirtions of tht, GRB 970508 optical геtlr-
.,lllt W€ге corrtinued ъ.itlr t}rcl б пl telesc:opc ill the

--aIrdtlrcl BVR,I, barrds ti]I Aug. 1998. Irr !'ig. 1 a.Ll
-:.i: Ьеhаr,iоr of the ОТ liglrt crrrves * lrost gal;rxy clf

-,RB 970508 up to 470tlr day is sirorvrl: а) fог tlre 1og-
,:,lilitrric tiшlе and Ь) Гсlr tlre lirrear tirne {Ьr dirys trftc:г
. t GRB. Thc ВI,/Л.1. trlagrritucles witlr t}rеiг сггогs

,lrred Ьу the Ьгоkеп lreavrr iirrcs) itгсl 1.1ic:turecl. I'сlttг
: .1r:peIiclerrt роrчеr la"rvs (tlrc srriooth tlrin lirrtls) tlc-

:,lrlirtecl Ьу fitting tlte оЬsсlrчесl ВilЛ.1. ligirt сuгr,сs
-:1l а tчiо-со]пропспt rrrocltэ1, tlre stlm of the O'I
'RВ 970508, fading ассогсiitrg tcl а porTclr, law (lэrit
__:r,г tlte bгiglrtrress ntaxitttuiTr ill Fig. 1 а), arrcl :r

:],itant bгiglrtrress 1rost galaxy (F = F'" х lo * Л.
,.:}r clifferclrt ci) tlrе slroъ,ll (fоr details stx,: Sokolov et

.1999).
Tlre data obtained rvitlr the SAO RAS 1 rп апсi

- :ri telescopc:s allorv us tt; dir.ide t]rcl GRB ОТ
.]ithlress clratrges at lc:ast irrto .l sttrges (Flg. 1 а,Ь):

_ :ire irrcrease of }эгigthrless oll а tiпre scalc: of about
_.-: сlаy;

. _ аftеr tlre lltaxitTiurn) t}re exponclrtial bгiglrtlless
,__ fi,опr оur obscгvatiotls clrtгirrg allout 4 days rvitlr

. .:аЬlе hoad-bari<] spectruln;
.,_ luгtlrеr brightness fa,dirrg accordilrg to а гorrg}r

,,,,,el larv; but note tlrat fгоrп tlre 31-36th days аllеr
_. GRB t}ie objcct clid not show аrrу srrtooth, iirгtlrсlr

1;сlwеr-lап, ttrll at least irr tlrcэ | filtcr,
I\') аftег trрргtlхirlrаtсlу 200 davs iiny 1lorver-larv
clec:try ceirsc:d alrd t}re От corrtribiltiorr to the host
g:rlaxy flrrx was аlrеасlч 1ess t}ran tlrc ollservatioltal
еггогS.

At t}re fiгst trvo stages tiie irtcreasc of Ьгigtlь
tress atrd thc: ОТ bTigtrriess rrr;lxiпruпr the belrav-
iог tlf tile liglrt сr:rr,еs has ttot bc:ert urldeгstood yet
(sctl Pantlltescu & Кumirr, 2001). Nevc:rtlteiess, at tlre
ОТ bгigltrr<эss Inaxillltlп] tulct itrrlncэdizrtely а{tсг it, а11

В\: R.I fluxcs wеге Ineasure(1 lvitlr the sTrrallest еt,l,оrs,
0.t)3 0.07 rrrag. And iilly роwег 1аъ, tloes rrot best fit
ftlг the iэriglrtrress firdirrg аftсг the mахirrruтп (\'Itrv
10,77 tiT). \\Ъ see tlte satrtc: tlхропепtlаl larv irr all
BI'R1 tlarrds (Sokolov et а1.. 1998), оr alr iclerltit:al
tlxpotrc:rrtial hightrross fatlirig ц,as оЬsсгчесl iri 4 Ьirпds
sirrtttltarrc:ortsly.

Аftеr thc 5tlr da1, tlrc lig}rt сul,yеs irr tlre ДI.'-R"1"
}эa,rrtls с:ап Ье сlеsс:riЬесI ti1, 1эсlrчеr 1trr,vs (ri,it}r diftЪгеlrt
r.r). But sttrгtirrg rvitlr irllotrt tlrc: 31st il;ry irft,tlг t}ie
GitI], tlre ОТ did ltot sltclц, fuгtlrег 1all оf higirtnc.ss
irr t}re | Гjltег. Tlris pltenclntc:ttorr 1astclt1 rrot less t}rart
51 <]aуs. Irr that рс:riосl the ОТ wiis sttrblc: arottttcl 1.

- 23. Аftсг 87 dar,,s l}re cler.iatiott fгоrrr tlre "а\,еrilgе"
porver, laLrl, rvtrs аlгсасlу irs high as - 1 rnag. (d, lvas
23.0.4*0.1,i fог tlre 87.085t}i clav trftсг tltc GRB). Thc:
Ьс.hачiог lvtl оЬsеrl.ссl tlatt alscl Ье explairreti Ь5, sonrtl
intгirrsic: lЪirturс:s of GRl] 970508 ОТ. Ilr tltis tcrrrlltlгirl
trllcl sllесtгаl belrtrvioг of the GII.B ОТ tlrегсl tlatr Ье а
irirrt of а slrrrilar Ьеhаr.i<lr of stillernor,tle (see 1lelclrr,).

Latt:-tirTte ol;serl.trticttts of thtl GRB 97{J5OE opti-
са1 с:оurttсграrt irr Jlrly-Arrgust 1998 slrclrv tirirt tlrr_.

optirltr.l соullt(]1,раrt ilid rrrlt clrtrngc: clur:ing tlre 1trst

1rtrif-ytl:ir, tltld wc catt c:tlnclrrcle tlrat rvc: obstlt,r,c а

рrrге GRB lrrlst galtrx1. witlr В : 2Гэ.77 * 0.19.
i/ : 25.25t0.22, l?,,,: 2-1.99*0.1Т, I, :2.1.07+t].2;.
arlrcirr1\. ш,itlrout tlrtl GRB optic:al гcInIlaIIt c:tttrtгilltt-
tirlIr. Ctltrtpttrisotr оf tlrc: ЁI./Л1 spc:t:tгirl епt-.rgr. сii,*tri-
butiorr of tlre GRВ trost rvitlr ltlcal sttrrhrгst galaxitls
lcacls to tlrtl bc.st fits 1ог Sccl stzrгlluгst Н II galaxies
(Sokolov ct ai., 1999; 2001).

Tlre globarl best 12-fits (scc Fig. 1) п,itlr а sirtglc
1lо\чсг larv, fог пtоst of tlre filtегs used, at,e ]lot aСcept-
а}эlе (Sokolov et aI.) 1998). Sonre irrtrilrsic vaгitrbilitl,
of t}ro GllB optitlill геп}пitllt iading is possiblc. rvlric:tr
clelna.rrcls а п}ог(] c:orrtplex larv preserrtirlg the largest
rnultillarrri }iolrlogclttltlus (lat:] set fгorrt опс. tclesclope,

3. Suреrпочае and Gаmmа-rау Ьеаm-
irrg

T}re I balrcl ligltt сuгче of GRB 970508 аftеrglоп,
exlribits zr rellrighterrirrg plrasc, оr а "slrouldeг" (Eig.
1 it,b). T}ris spectral ргtlреrtч lasts fсlг rrclt, less thatr
51 iltiys. Ovt:r,ac:rclss tltis рсгiос1 tlre соlоr irrclex (l'-
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Figurе 1: The br,-h,auir,ly, rэt _R1'f?,,,i,. il,rlh,t t:ll;l,ч;с:s rэl ijLt
О1' + htlst gala:ry of GI|B 9705аВ u,р to aboll"r /,?01,1t,

day JrоlrL tlte tiwte o;f thr: GRВ. Ь'оuriпdерепtlеrtt
BVR,I" рошеr-lа,w .fits with clif}erelt,t ч (see text) агl:
erh,ibited Ь11 the thi"п l,irles. Тhе B1,'R,,I, li,ylht cll"rtlcs
аrе shошп, orl lоgаr,itlппiс (а) апd li,пеаr ф) scr,Ll,es.

1) iпсгеаsi:s rrpl to е1.6 шrаg (1. : 2З.[j-1 * 0.14 fог
the 0Т). Тhе del,iirtiorr frorrt t}tc "аrк]гtrgе' роъ,еr iirrT
witil { .} >= -1.25 cxtlcleds 1 rlragrritircle. Rrэcr:ni
inve.чtigatiorts shоц, that Gll.B optic.:al аfit гglou,s liirrK,
rirrustral ternpol,al alrd i'Ё1 sресtгаl 1>rорсгtirls: GIi,B
970228 (Galaila et а1., 2000), GR.B 980326 (Вlоопi
et al., 1999) , GI1B 990712 (tsjогпss<lri ct а1., 20U1),
and GRB 991208 (Саstго-'Iiгirdо et а1.. 2001). ,l1l
tliesc OTs have tсlrпроrаl trrrd spect,гiil clraracteгisi,itls
sirniltl,r to those of {iRB 970508, fЬг ivlriclr the l" birrrc1

liglrt currK: is colrsistelit lчith t,lre il,ssltiltlltioti tirat tlrt:
SN r:rnissiolr очегtаkеs the 0Т flux at ltitc tiitrcs. i е.

пеаrlу 31 da},s trfter tlre GRB. it slro,.rici lle lroiecl th;rr,
the emission of а11 Туре I SNe stroц,s ;i stгtlrlg l.Г\,'

deficit tlwitlg to absorlltion lirres Ьсlоъ, 3900А. Tlrrrs.
fог the гесishift z : 0,835 а rvetrlt i]ux is tlхреr:tесi
1iоm tire suggested SN iri the R., tlarrcl corres1lotrciitrg

to tlre [/,",1 (3652А) in the rest frame.
In contrast, the SN brightrress must Ье in the пrах-

imum at 1аrgеr waveleng-ihs (Fig.1), i.e. in the 1" band
as otэserved fbr GRB 970508 (апd fоr GRB 970228
with z = 0.695 (Galarna et aI., 2000) plus time рrо-
file stгetching for the light сurче of the SN Ьу а factor
of (1 +z). One can see the effect frorn an "average"
power-Iaw fit F : Fo х to * Д" with ( а ): -|.25.
Тhе deviations (x2/d.o.f) frоm the "average" роwеr-
law iпсrеаsе toward the rеd раrt of the ОТ ВV R,I"
spectrum: у2 7d.о,t: 1,57 for the B-band, 2.41 for
the И-Ьапd, 2.93 fоr tlie .R.-band, and 3.62 fоr the
1"-band (see Sokolov et al., 1999 fоr details).

bs z : 0.835, the /" band in the оЬsеrчеr frаmе
соrrеsропсls to the В,"", (4448А) Ьаrrd in the rest
frаmе, the observed 1. fluх is tlrus used to derive the
peak absolute magnitude (Мв) of ttre assumed SN.
At the /" "shoulder" (Fig. 2) the brightrress of GRB
970508 ОТ t:orresponds to the пiахiшtuпr luminosity
of а ресuliаг SN with Д/6 аrоuпd -i9.5 if fоr GRB
99070В host we have Мд,,",, аrоuпd -18.5 (Sokolov
et al., 1999). We can consider type-Ib/c SNe as а рrе-
lirninary rnodel of GRB/SN 1-rау Ьuгstеrs, but the
peak magnitrrdes of tvpe-I}э/c (оr соrе coliapse) SNe
аrе not constant: .41д is frоm -16 to *19.5. Tlrus, the
GRB }rost galaxies (fог ground-based observations, at
least) must Ье clirTrrner thari the pe?rk rnagnitude of
the SN (see Table 1 in Sokolov ei al., 2001).

SN 1997efhas Ьееп recognized as а peculiar SN Ic
frоm its light curve (Iwamoto et а1., 2000). It shows а
very broad/flat peak and а siow tail. (But t}ie Iu-
minosity is lоwеr tlran that of the well-known SN
1998bw.) However, fоr the рurроsеs of this рареr, the
sirape of SN Ic light curve is sufficierrt as arr ехатпрlе
of type-Ib/c SN. We do not ltnow exactly the light
сurче (and the sресtrum) of the truе SN ассоmрапу-
ing GRBs; mау Ье in the ОТ GRВ 97050В case it was
а pecriliar SN Ьу its lumirrosity and Ьу the shape of
the light сurче (Fig. 2).

So, we can expect GRBs to originate frorTr massive
stагs which hаче lost thеiг hydrogerr envelope before
а SN-like explosion, If GRBs arise frоm collapses of
massive stars in starforming galaxies, it is alr unavoid-
аЬlе consequence that ernission from an rrnderlying
SN should Ье superimposed otr ihe GRB afterglow.
Econorny of hypotheses leads us to suppose that a}l
оr at least the main part of lorrg duration GRBs аrе
associated with SNe (but поt all SNe аrе associ-
ated vrith GRBs).

Fгопr the observations of 1997 2000 fог knorvn
GRB host galaxies we lrave (see Fig. 3 ):

TпHostGal: frоm * 22 to - 28 st.ma8.

Such faint (оr fairrter) galaxies аrе indeed expected
fiom studies of the propertieB of the GRB host galax-
ies. It leads to the fact that the sеаrсh fbr direct GRB-
SN associations in galaxies close to us is а challenge,
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}----. оТ GRB970508 I-band light сurче
А peculiar Ic SN (duration is stretched

aЧ ' ,.
according to Z=0.835)

Days since burst

:.]uге 2: оТ GRB 970508 I-Ьап,с], ligh,t с,uгllе yllus а l;i,rt,d of а 1lecu,l,iar Ic SIV si,m,ilur tо 51{ 1997ef Ьу tlte sltape

.'tlte l,ight сllruе (Ь,li ll,ith, thc ptэak lttrTliltosity like SiV 1998bul).

]\\'il

]ted
lax-
RB_
Iige,

a 6-m рhоtоretгу
* HST, vLT шd NoT photometry
. Hubble Dфp Пield (F6O6W)

t

22 2,з 21 25 26 21 ]li ]9

R-band rnagnitude

. ..,.iгс, 3: ОЬsеrчеd R,-bart,d rTlaq?Lit,ude us. rerlsh,iJt

.' the GRВ h,ost galaries, The R-Ьо,пd пш],qrl,it,udе,s
,- r:rэrrected, Jor the Galacti,r: c:rtillctiot,t,, Tlle ВТД

,,tпd mачпi,tu,dеs (frоrrъ Sokolou et a,l., 2001) аrе
.-i,le.r] wi,th с,irт:Iеs, uй"ilе asterisks rеfе,r tcl tltcэ r,esu.lts

.' ,tllег authors. Дlsо the HDF F6O6W rпаgrl,itчldе us.

. ,tопtеtriсаl redshiJt distributiort, is plotted, Catalog

,' :iie, F6O6W пl,agnitudes ап(] ph,otoпLetl,ico,1 rrэdslt,i,fts

-. used fr,оlп Ferltrittdez-Soto et tll., 1999.

llitse the nrajority of ttre SNc геlаtеd to GRBs lvill
:llirrt (22 26 rnag) alrd also in r,сгу clistarrt galaxics
_.:)0.4*4.5.
Har.irrg establisired that the GRB hosts iiге faillt,

. .1 IlulIIЬеr of girlaxies Ьгiglrtег than 26 ttiag ilr otle

sqllаге с1(}grсе of the sky \чс ittlve 
^r9c,l<26,roo9 

t 2,
1gr' . qrtl .rlc:g 2 (Caseгtario ct al., 2000).'Гakirrg lrrto

.l(]coullt t}ie оЬsегr.аtiоris witlr BATSE rr,а;лд ý 0.01 ,

rlеg 2,уr 1, lvc c:onclu<le that the rаtе of GRB c:r,ents

is
Nс;яв ry 5 , 10-8 "уr-1 gola:ry-1 .

Fоr tite SNe rate irr t}re local staгburst gtrlaxies li,c

1ralrt:

А'_sп ý 0.02,уг-l ga,la,ry-I

fоr a]l t,ypes of SNe ctlrrrbinerl. It s]rould Ьс: lic,pt iri
rTrint] t}rat GRBs trrс tlclt <lЬst:rчссl in irll galaxies alril
thirt rrot all typtls of SNe cart Ье гelated tcl GRBs,
llut clnly type-Ib/c (Сtrреllаго et al., 1999). So rre
lravc: .лf5л; t 0.001,уr-1 galaxv'1. But if опс: looks at

tlre rrtatteг tlrc оtliег wiry routld, цIе lllust гt:tttеtrtlltlг:

tlre mtrssive stаг-fоrlпiпg 1п чегу distant (arnd drrsti,)

GRB galaxies rvitlr z -) | is mоrе vigoгoits tharr
irr tlrc: 1оса1 starburst galaxies ог irr galaxies like the
\,Iilky Wal, (Blriilr апd Nаtаrаjап, 2000), gli,ing lise
SN Ьuгsts of 10 tirnes artcl rrroгe.

Thus, ъ,it}r rlue regard f'оr these rcseгvatitltis, tttt

estinlate {Ьr tlrtl пurпЬеr of GRBs п,ltit:h cclulcl Ьr: rе-
lated to SNe is of оrсIег of

Д'с;лв/l/sл э 5 . (10-5 - 10-О),

S<l, if sottte GRB SN rclation really exists, then rve

}rave two possibilities:
1) еithег wс: detrl rvitlr а чегу чегу rаrе type of

SNe (оr "hypernova"?) GItBs relirtecl опlу to tile

г 

r'О*В afterglow+SN+galaxy)
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10-5 - 10-6-ih рагt of all оЬsеrчеi] SNe in clistalrt
galaxies (up to 28tli rrrag), оr

2) we }rave а vегу strorlg 7-rау beaming rvitlr ir
solid alrgle up to

QD"o,, - (10 . - 10-6).4т,

if GRBs аrе associateci t,it}r an asymmetric SN ех-
plosion, rvlrereas the 7-гау lэеаtrr (arid пtrrrоrч c:o]li-
trrated jet) is dirесtес1 towarcls t]rc: ollseгl,c:r, ori tlie
Еаrth. дпd if GRBs аrrе so highly collirnatocl, rac]itrt-
ing опiу into а sпrаll tiactiori of t}re sky, tlre еlrеgгу.оf
eac}t event nray Ьс. пruс}i rесiuс:еti, Ьу several (- 5 - 6)
оrdегs of magrritudc:

EL,"o,1, : E^,{)6",rrrrf 4т * 1045 - 10a7er,gs

fог the isоtгорiс ccluivalerrt of tlrc: total GRR епсгgт
Дl - 105t - 1052 егgs.

Thus, if aii ог t}re rnain раrt of 1оrrg GRBs аrt: as-
sociated rvith sNe, we пеесi lrloгc exaпIples to test the
GRI]-SN 1ink. But fiom the Еагth rvr: calt See tltth. ре-
сrrliаг SNe (Ьу thеir luntiirosities arrcl Ь1. ligirt cLrrvc:s)
connecttэd With GRBS. The SNe rntrst tle Ьriglrtс:г
than their hosts. Tire 1urrrinclsity оf t}rese clustv galax-
ies Мд is basically betrveen *18,6 апd -21.3 (Sokoiov
et а1., 2001).

4. Discussion: still, what аrе the рrо-
genitors of Gаmmа-Rау Bursts?

4.1. X-raY sресtrа arrd close епчirоппrепt of
GRB source

The BeppoSAx, ASCA and С}rапсlrа obscrr.ations in
х-rауs сопfirrri гаthег а 1ink with tlre cicath of rrrtrssivcl
stаrs; the satel]ites found а sрс:сtrаl sigпаtuге of iгоrr
fгоrп different GRBs. То clate, fоur GRBs har,e shorл,rt
evidence fоr alr irorr ernissicln ]irre duriпg the Х-rач
aftergiow, obscrvecl 8-40 hоr_rгs аftег tlre Ыtгst evelrt
(GRB 970508, Рirо et а1., 1999; GRB 970В28, Yoshi-
da et а}.,2001; GRB 991216, Рiго et а1., 2000; GIIB
000214, Antoneili et al.,2000). SNe ог SN-progerritors
сап Ье tlie rriost рlаusiые source of srrt:lr ati irott. Irr
any case) tht: nerv da,ta аrе r,erv itnporttrrrt, becaust: а11

sресtrаl emissiori lincs observecl s<l fаг аrе рrосluсс:d
ьу tlre GRB }iost galaxies гаttrег tharlr at the brrгst
site.

Charrdra's оЬsсгчаtiоп of the brightest GRB
991216 was started 37liоuгs after t}re BATStrlGRBN,{
triggеr (Рiго et al,, 2000). The sресtгuпr of the Х-
ray afterglow shоrl,s the cпiissioti 1irre at еttсгg1. Д :
3.49 + 0.06 keV. T}ic errrission feature is associattэcl
witli the rest energy of 6,97 keV of the errtissiorr of Н-
like ioTrS of iгоП (FеХХVI) because at liig}rег etrer.gies
the С]rапdга/АсIS_S spectгrrrll shows evidence оГ tr
recombination edge irr t}re ernission at Д : 4.4 * 0,5
ke\r. The identification of this feature rvit}r tlre irоп

SOI{OLO1I

recclrribinatiotl tltige (rvitli t}re геst спеrgу of 9.28
ktl\r) gil,es z : 1.11 + 0.11 corrsistent rvit}r z = 1.02
{'oriird irr optic;rl SресtгоSсорY of the От GRB 991216
(Yгееswi.jk et а1., 2000).

Arr irorr recolnllillaticllr edge trt 9,28 ke\I is, irг
dee<i, cxllec;ted ц,lretl thc: irort etrtissiiltt is dгir,сп Ьу
pliotoiorrizatiori апсl the rTrecliurn is heavily ioriizecl
Ьу t,lrc гасiiаtiоlt рrоduссэсl Ьу Х-rауs fгопr thc. GRB
ог its аftсrglоw. If tirc rtrodiutrr lic:s in ttre lirre of
sigirt,, the cKlge is expc:c:tecl to Ье sccn irr аЬsогр-
tiort at с:агh, tirnes, Llеfсlrс: the photclirlrriza.tion of lhc:
trtcciiulrr. (Evicicnce of suc:ii tr i'саtuгсl }ras 1leelr fоuпс1
iп atrotlter GRв, GRB 990705.) At ]аtсг tirrres, when
t}re пrotliurrr bc:c:tintc:s }reavii1, itlttlzctl arr<] rес<эпrЬi-
rratioti t;rkc:s рlасе. tlre eclgcэ is sc:c:rt itr elrrissiorr. In
tlris clorrclititln Х-г:r1, linc:s irrе 1lгоdtrсс:с1 alniost excltt-
si,,,cly t}rгoLtgh recloirrbiriatioll of сlt:сtгопs orr H-like
iгоrt. }i,rlпr 1,}re Clia,trclг:i obstlгr,.atiorr tl{ GRB 991216,
tlre rlistarice tlf the nreclirtrri fi,otlt the GRB Sоuг(jе оr
tlre sizcl of tlrc rcgitlrr tlf t}rc: c:шtissiotl ft-,аtrrге fогпrа-
tiotl irгoLtncl tlrc GRB sitc: is Д > 2.10l5 c:rri (Л * c.l).
Tlrr: lаttсг r:orrclitiorr is tlеriчсd 11,orrr tirr: рrеsепсе of
tlre 1iпtl 1.5 dar.s (> 37 liоuгs) irltсг tlre GR.B. ц,lti<:}r is
shогtеr tlrarr tlrc: оЬsсгr.с:d ortrl l_iv а fасtоr of (1 + z) -1 .

Difl'сгс:rrt sсеrt;rгiсls liar.e bccrt 1lгоltоsесl to t,.xplain
tirc liries iti etttissiolr (sc:e Lazzir,tti ct trl., 2001; Viсtгi
et al., 2[_}01; R.ctls altil \,Ieszarcrs, 2000; \\reth c:t al.,
2000). Thc ollscгr,;rtiotts Ьу BcppoSAX, ASCA rrtrd
сlrаrrdгtl scсnr to inclicat,e lагgе arrrourrt of irori clost:
trl tlre GIII] site. Orrr: of thc expltrnatiorts еrпегgitig
(\"itltгi et, al., 2001) Ii,orrr all pieces of tlvicltlnce is tr,s

Гc-,l1o.,ls: ;r nra,ssil,e 1lгоgеrtitоr likc: а ''ityрсrпоча''
(Pac:zynslii, 1998) оr ar "c:ol1;rpsirr,'' (Wooslev, 1993)

фесts, sirclгt11. (sevcrtll rritlritlrs) Ьеfоrе 1,ire GR-B, а
srrbstattt,ial fгacltiorr clf its rrrass. Birt thеrе is rооtп fоr
а lot of rrrodclls so ftiг arrd (fог alt tlrat) other пiоrе
sirrrpltl scctraricls illvoking а sirrrultaneous explcrsion of
а GRB sour(jе arld а ргоgеlritоr stаг аге роssiЫе
see beiow.

Unlike of GRI] 991216 and оt}tсгs wtric}i stiolveri
счidt:псе {Ьг the iгсltl errrisslorr lirres clurirrg the Х-rау
аtlt:rglсlrч, GItI] 990705 s}rclrved а promirretlt аЬsогр-
tion fЪаtur,с at 3.8 ke\r tittd att t:quir.alent hуdгоgеrr
colutrrtt density that disa,ppcэartld 1з s after the hrrst
clrisel, ( Arrtati c:t а1. , 2000) . Tire аiэsогрtiоri feat rrr.e wa_l,s

iпtеrрrеtссl as clue ttl zrrt edge рrоriuсеd Ьу the ltеutгаl
iгоrr (i.e. at 7.1 kеY), геdshiftеd to З.8 keV (согrе-
spondirrg tO z = 0.86). And wlrat is the rrrost iIrrрог-
tirrrt: thtэ trbstlгpticrn f'сtrtuгtl seerr during the fiгst 13
scconc]s fгопr the BeppoSA,\/GRBN{ trigger, Ьесаrпе
urrdеtс,с:tаЫi: аftегrчогds. Тhс stгаightfоrwагd (оr а
"sinrplest") irrteгprcttltiorr of the irl_1soгptiori fъаturе
гt:рогtссl Ьу Arrrati et at. (2000) is that rrctttгa1 irоri is
ргеsеllt alorig the lirli: of sigirt to tlre Ьuгst. Tlris iгоrr is
plrotciiorrizetl lly tlre ргоmрt GRB Х-rау photorrs irrr-
till al1 еlсlсtrоIls tlrе stгiррсd frorrr the irоп iotts, caus-
irrg the disirppeartrncc ог t}rc: edge, Brrt irt tiris c:ase the
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size of tlre rеgiоп of t}ie absorptiorr fеаturе fогтпаtiоlr
агоuпd the GRB sitc is (l : c:.t) l = 

,1.10tr спr э бДq,,.
It is quite irnrnediate envirortrricnt of tlie GRB sitcl

Etrrissiorr and аЬsогрtiоп fЪаtrrгсs irr tlrc Х-riw
spectra of GRBs and thеiг afteгglorvs pгor,itle а firrrc]a-

пretital new tool to stutly thcir close envirotitnetrt (ot,

the сirсumЬuгst) and t}rus t}rеiг possible ргоgсlrituгs.
T}reoretical cornputations (Rarnirez-R.uiz et al., 2001)
shorv that orrly а dense, massive mediulrr closc to the
GRB site suc}i as that expec:ted in tlre case of tI

iIlaSSive ргоgеrritсlг could рго<lrrсе trn iгоtt etuissiotr
_iпе detectable wit}r tltc сuггепt Х-гау iпstruпIепtа-
:iott. Raпrirez-Ruiz et al. (2001) агgLrеri tlrat lriglг
lcrrsit1, shells could Ьс pгoclrrced 1i,orri а lolv-cierrsitv
_llid low-velocity u,iпrl if the rrrassivc 1lrоgtlttitог сlг
_1 ]Ililssive stаг urrdergoes а \\o1t'-R.ayet (WR) pltirsc.
,,,hiclr is сltагасtсгizеd Ьу а stгопg stellar lvirrrl thtr1,

ilttses the stаr to lose enouglr of its orrter 1аrуtэrs fЬr
:]rt: suгfасе hydrogerr abritrdtrnce to Ьес:опrе rrrininral.

T}rc гаdius of а \\rR star is suffic:ielrt1}- slllall Ьс:tоге
-iio lпtеrпаl erigirre ccasc:s to opc:rattl. Bc:cause of t}ie
.:.tгiпsiс r,ariation of rtrass-ioss rtrtt-,s in WR. evolutiorr,
,,,-t have shells of varyirrg gas clerlsity. T}re eflect,s clf tht:
-,\-R 

ejecta irrtc:rirctirrg lvith t}re irrtcгstellar пredirrltt
iS\I) сап Ье observed irr tlre rvirrcl bubbles агtlttttсl

: ,Ill€ of tliese objccts. Tire сlесеlегаtiоrr оГ а ргс:-SN
,, lrrci Ьу t}ie ргеssuге of tlre suгrouridirrg rtter.littпr ог
.-i. ltlteractiorr оl tbst arrd slor,,, rvirrds c:ould :llscl сгс-
. с сiгсuпrstеllаr slrells. \alогсlочеr, lllitssive stаrs tert(], lie ilt associatiorrs, so thеrс is t}re colrrbiritэd еflъсt
: the п,inds of шtarry stars. Thus, the sttite <lf t}te atrr-
.:Ilt пrediuпr of а WR stаг at the errd of its life

-- cieteгmirred prirnarily Ьу the tirnc el,olutiorr (urr-
,_. t:оrе collapse) of tlre mass-loss гаtе. Неге, Ь1, tlrcl
, li]el of Rапriгеz-Ruiz et al. (2001), we eirrpltasizc:
, :rte itrteгcstirrg contributiorrs to tlre strtrtlturе оf tlre
.::,bient mediuпr that arise rvhen ttre ejcctccl rvilrcls
,. :t,Iact witlr the ISN,I сluriпg the WR iifetinre (:rbout
- ] r,г).

Fгоrп the inside (rrеаг WR site) апс1 to thc: clut-
-. _е: tlre exterrral rttediurrr раrtiсlе density of t}re rvlnc]

.cted Ьу tlre progerritor ls best modcled lэ1, а рсlwtlг
:::,, /? : ,,1r-2. А spherictr,l sheli witlr 1агgе coluntlr
_-,:.sltv агisеs wlten tite ejected пrаtеriаl accuпlulates
-- :lre radirrs г,lgа &t rvhich tlre fi-ct: expansiclrr plrase of
.- ejccteci wirrd terrrrinates. So, we have set tlre derr-

- ,. of the alnbient rпаtеriаl rig Ьеfоге the \\rR phase, эе 1 спr*З. But if а rreiglrbouring stаr is prcscrrt.
..- density (п9) of tlre suггоurrсliпg rrrediurrr cali Ье as
:: ]е as 106 ctn-3, causing the ejected wlrrcl to slow
..,:dll, at а rnuch smаilсг г:tdius, r.4".. Figs. 2Jэ *rrrd

- :гоtп the раllеr of Rarrriгez-Ruiz et al. (2001) shclrv
,..-. efIect of differerrt initial rntrsses оп tire struсtrrге

:irc alnbierrt mediurn. The derlsity c:ali Ье fitti:d Ьу
-,: рОw€г law ri,(r) = Дr-2 fоr r < r,,1".. Tlre value of

,.-- constant А = 3.0.10З5,.t* as а firnctiorr of Л19 is
,. _,i,n irt panels о. Figs.2 arrd 4 shorv (parrels Ь) alsc;

tlre rirclial loсation (t,,1".) оf the hig}rest <-lensity she1l
as tr fltrctioll оf irritial tnain-sequon(]e lllass Лlо fоr dif'-
ft:ге111 1,;11u,,, clf rt,6 ilrtcl fог difГererrt lrret:rllicity (Fig.
4 irt t]re ll.arrriгez-Ruiz's et al. (2001) рареr). Тhс frее
c:xptrrrsiotr tlf tlre ejec:tec] ц.irrd is teгпtitrattэcl rvhelt ttrt:
Sw(]pt-up lIIaSS Ьесоп}еs соrrlllагirЬlе to t}rc III2}SS of
tlrc: rTin<l. Tlrc: ejectecl lnass tlren acclllnulates at the
гirdiris r.7,,,,, T}ris overclense rcgiclrr lic:s сlоsсг to tlre
1lгсigеrritог fоr hlglrer derrsity п0 of the suггоtrrrdiпg
nrcc_liltrrr (tlг t}rc: densitv of arrrbient rrrtrterial Ьсfоге
thtl \VR plrasc) arrcl fог WR. stars originatirrg fгоm
1orv irritial tnass stars;\..19, Ptrrrels r: irr Figs,2 arrd i1

(Iltrnirez-Rrtiz et til., 200i): rrl1 the c:vo]vcd WR stагs
llarKl lost tlrсiг lrуdго8еri errl.clope (Bisnol,tttyi-Kogarr
artd Na<lr.ozlrin, 1972) irrtcl аrе 1eii wit}r zi Ьаrс heliurrr
с:сlгс 1lгiог tcl соrе collapsc (оr рriог to GIIB'/).

Atr irrrportalrt геsrrjl оf thesc calc:ultrtiorrs fоr us is
thc fac:t that tоr the irlitiirl st,аг nlasseý of ,4,16 * 3011,16,

t}rtl геgiоrr, irt rv}iic}r allrtost all lltass (- 10 * 20Лl.))
геlеirsесl сluгirig tht.. \\rR. phasc is colrcetttгatecl, (:.]tll ге-
ally Ьс of ir tvllic:;rl tlittrertsicln of - lOlГ'clri, rvlriclr is
also tlic гtlsttlt of I}eppoSAX, ASCA, arid Clralrclra's
Х-гtrу ollsoгl,ations of tlrtэ GRI]s (GRB 970508, GRB
970828. GRR 991216, GRB t]002t,1). \\I}rеt}rt:г thеге
exists tlre оl,tlгсlеttsе геgiоIl ("Ьuпrр") ог ttclt ilepclncls
otr tltc clerrsiiy оf tlirl atrrbierrt rпаtегiаl rz9 ЬеtЬге tlrcl
\Vl1 plrtise. (Notc it c:arr Ьс iпrрогtirttt fог thc: ОТ
GRB 970508 rrlilrry \VR sttlrs :rppeaг to Ьtl sirrgle:
}tош,еl,ег, tlre fгtl"ctiotl of visible close \\''R * оВ Ьlпа-
riсs seenis to lle агоrtrrсl 35 рег ctlnt.) Thc: irrternal (ог
tlre irrsiclc) пtecliutn рагtiсlе clerrsity rrear tlrc GRB
ргоgеrritог follolvs tlic 1lоrчег larv rl : -{r,-2 lvhеге
.'1 : J* .3.10ljг'спr l arrd 0.] < д, < 10 fог \\-R
stагs at tlre end of thеiг lives. Bc:sidc:s, titсге (.tLrl ехiэt
а regiorr tlf t_lirlrcnsiort <>l 2l,rlr, - 10r"с:пr ог il lliole
ог less slui,г1l bclrindiLl,y irr rr,hich t}re геlсаsс:сl trrass
is stollped Ьч the itrterac:titln btэtrveen the \\'R ri,incl-c

aricl the ISi\t, Apparerttly, strc}i tr Ьtluпdагу lirclttlrti
thc \VR stаг оr ttre GRB progcnitors sirorrlcl :rt,ise itl
typical stаr-fогrпiпg regiorrs rvith detrsities of at ]cast
arici рlсгhарs sigrrificarrtil, cxceeding 10 100 с:rп-З.
rvhich is сlrагzrсtеristiс of 1аrgе rrrolcculaг clouds i:опr-
plexes if GR.Bs аге irssociatecl witlr nra,ssivcl star.s ill-
clecld.

4.2. Optical arrd Х-rау light сurчеs of the ОТ
of GRB 970508

Panaittэstlu & Kttrnar (2001) turalyzecl tlrc afterglor,",s
оf fсluг well-studied GRBs (GRB 9S0703, GRB
990123. GRB 990510, GRB 991216). irsstlпririg that
tlre errrissiorr is clue to t}re irltcraction of а collirrrated
reiativistic shclclk rvith t}re a,lnbierit rrrediurTr. Tlrey-
lravc shсlц,п {t,orn thеiг рагtiсuiаг аftеrglоп, slrock
model tirart the arrrbierrt derrsity of sопrе GRBs tlarr Ьс
as low zrs - 10*l - 10-1 сm 3 Ьч cotttrtrst ri.ith den-
sities, 10 - 100 crrr-3 (and регlrарs er.elr rпсlге). thtit



shouid Ье typical of the star-forming regions. But we
have to поtе that the ascribed paradoxical densities
аrе чеrу model dependent. We trave now the straight-
fоrwаrd data from Х-rау specttai e.g. GRB 991216
just frоm their GRB list. (The sеаrсh for sресtrаl
fеаturеs is опе of the рrimаrу objectives of Chan-
dra and BeppoSAX's GRB observation рrоgrаms.)
In addition, it should Ье remarked that panaitescu
& Кumаr (2001) in the analysis of multiwavelength
data of fоur GRBs }еаче out the tlest-studied оТ
of GRB 970508, whose optical light сurче carrnot Ье
entirely explained within the frarnework of their GRB
aftergiow shock model, as the ОТ ehxibited а rе-
brightening after 1 day, indicating а possible delayed
епеrgу injection or а strong fluctuation of the ехtеr-
nal density оr the fluctuation ofjust the sarne ambient
density (оr п9 ?).

Рirо et al. (1999) lrave searched the Х-rау spec-
trum of GRB 970508's afterglow fоr ап Fе lirre оЬ-
served Ьу BeppoSAX. They have found such а iine
Ьut with а limited statistical sigrrificance (99.3 %) in
the еаrlу part (first 16 h) of the afterglow. Тhе line
decreases in the lаtеr раrt of the observations (- 1

day after the GRB) Ьу at least а fасtоr of 2, enough
to make it undetectable with сurrепt apparatus. Si-
multaneously with the line disappearance, the X-ray
flux both rises (see Fig. 5Ь) апd hardens consistent
with the арреаrапсе of а пеw shосk (?). Тhеп, at
the end of the outburst, the sресtruш steepens. It
is most likely that the lilre of GRB 97050S is рrо-
duced Ьу fluorescence and recornbination of Fе atoms
ionized Ьу the intense Х-rау flux of the GRB. Judg-
ing Ьу the Х-rау and 7-rау peak fluxes (Frопtега
et а1., 2000) the prompt Х-rау radiation simultane-
ously detected vrith tlre BeppoSAX/GRBM (40-700
keV) and BeppoSAX/WFC (1.5*26 keV) сап рrоduсе
up to 10% of the totai епеrgу of GRBs. So, at the
early phases of the GRB the radiati<ln field is so high
(Fх - 1017 - 1018 erg сm-2 s-1 fоr r = 3 . 1015сm)
that iron atoms are completely (оr rrearly) stripped
of their electrons. Flоm the line variability for GRB
970508 one сап deduce that this ambient mеdiuш
shouid Ье located at the distance of c.t ry 3. 101бсrп
frоm the GRВ sоurсе.

That is all at the шоmепt what can Ье said about
the interpretation ofthe Х-rау observations, indepen-
detly of one ог another model adhered Ьу the аu-
thors themselves (Piro et ai., 1999; see also Vietri et
al., 2001). In particular, the estimate of thе Fе mass
can Ье model-dependent. Note that the GRB Ьеапr-
ing wouid introduce an additional geometrical factor.
This would reduce the compiete пumЬеr of the Х-
ray's photons and hence rеduсе the mass of Fе rе-
quired to produce the emissiom }ine. We сап try to
account for this circumstance after comparison of Х-
ray and optical data fоr ОТ GRB 970508. But we
сап аgrее at опсе with the authors (Piro et al., 1999;

S(rI{()l()r,

\/ictri et ;ri., 2001) 1rl ottc tiring, iTlclellcridently о{ tire
iirodcl ilr u,ltic:}r tlrt: nraiss of Fс is c:trlculatecl: irr соtг
tгitýt to thc fairlv clcatl tlnvirotiillcl]t exllectccl in t}te
rrrilrgilrg of tilк.l rtc:trtгoli sttrrs, tlrc observec1 1irre ргоl-r-
ertitls r,vouid irrlll}y tllirt t}rc site of thc C]il.B is crrrbe-
dr-.cl iri а lzrгgс rrttrss t;f tllatcritrl, clortsistcnt ц,ith sошt:
рrо- G ltВ-сх1llо-чiоtr е. j c:c:ta arisirrg fi,orrr ir nrilssive s t,al..

Rеsiсlеs. if tlre sc:erraricl "а massive star 
-)WIl ) рrе-SIý : рге-GRВ" ц,itlt tlre fогrlrа-

tiori of а slrc:ll irгorttttl WR is truе, t}rclr it could
Ьс: supllclstlll tlrirt l,ircl геаsоtl of tlre агisirrg of геl-
irtivistlc jct is t}re роп,сгlir1 lig}rt ргеsslrгс: оf t}le

1lгоrrtllt Х-гtrу гirсliаtiоtr crf tr GIl._B sоllгс:L]" }-сiг t}ie
tЬгсе of tlrc: liяirt, рrс]ssllгсl actirig с-lп t}it-. cttviгt_ltt-
tttc:ttt, itгtiitncl the CiRB sоllгсс (\VR.-striг '/) п,с. havc:
Lц пб f (1Tr'2 ) (o1,f с:), lvheгc iбдlд is an isotropic
eqrrivalerri (* 10Г]{].'I}1егg.s"] ) of (iRIJ lurlririosit1,,
г is thc: clistrrttrlt, fi,otrr tlrtl (]еIitег (rreirr tilcl GRВ sltc).
or : 0.66.-t(J- 2'tctrt: is tlte Tiiotll1)soll (:rоss scctiotr, с

r,eio<:it.l, clf liglrt, Eтtltr ч,ititotrtlr <letailtlri calculatiolr
it, is r:iс;tг tlr;r1. silc,lr tl {ili:c:e tlt],tt ex(:t:cd tlir: Ecldington
lirrrit 1- 1()1}8t,гg.s t Iilг 1 .41,,,) bl, 12 ]3 tlгdс:rs, If rvcl

it,sýlllllc tlrc GRB radiatlorr (tlte 1lrtlrrrllt Х-гачs -1- 1-
rачs) ttl Ьс: c:olliпitrt,ecl сrг if\l,tl lrtrve чсг}, ýt,l,olrg llctlnr-
iпg ri,it}r tlre stllici ttltgie ()6,,,,,,, - (rO-b - 10-6) .+т,
t,}rtlrr tlttl fill,1tlarticltt tlГtrlr ultra-rcIativistitl .jct llc:cotncs
irrc:vit, a,llle. Ntit, ечеrчt1 ti rig cic:pelrds rltr ilrc ionization,
tiсlit,чit}.. :Lnd tсltтtllсrгаturс tiГ Ittirttcг irr tlrc irrtпrc:diate
viсitritv of the GRB soLirct] ttn asyttrпtetric t:ollaps-
iltg rпtcltlirs of а ttltrssilKl stаг. Brrt tlrcrr tire belravirlг
of tirc Х-гirr" аrrtl opt,ictrl lig}tl, tluгrкls ftlr tlre аltсгglоw
of GRiJ 97U508 (sc:e F'igs, .tr ir.rrcl 5), lIrехрliсаЫе rl,itlr-
irr tlrtl frаrrrсlц,с;гk of Pattiritesсrt апсl l{utrtaг's (20t-t1)

аftеrglоъ, tttoclt:l. Lieсotrtcs <1rtite nzltttral.
F!,orrr l,'ig. .1 wtl stlе sorttc tltlviatiotts {i,orn all а\,сr-

agc: (ог fгоtrt а "statrcllLi,r.l" ) роп,еr larv iri all 4 Liarrcls.
'Гlrе bгtlad-I.lalrcl o1lticla1 spr:ctгurrr of thc ОТ clirl rrclt
t:ltattgt: trt irl1 irr 1.hiLt periocl of tttc tlxpoltc-.rrtial Ьгiglrt-
rrc:gs firli. Tlttl tlx1lotrclrrtiirl В, I". 1?. 1 Ьtlhtiviог оf t}re
i)Т irrrlrrc:tliirtei1, аtТс.г tlte mахiпlurrl (Fig. 5 с) сог-
геiаttls ц,ith GItB 970508 Х-гtiу tг;insierr| light t:urve
(Iiig. о Ь) ttftег thc: obr,iclus rrtiniпrutrl (Рlго et а1..
1998), arrc1 1,tttl sirllsequerrt Х-rау ilirx faclirrg ctlviirtes
Ггоrrr tlre pc;weг ialr,. Tltc: sarrte, tlre ОТ dec:ay cloes
rrot Ii,;llctrv а1I\, 1)о\\rcг law (Fig.4). This is irr fаl,сlгоf а
c()llllllon origilt cif tlre Х-гаr"у, irtid clptic;a,l evcrrts. N4огс
tharr 16%: 6% (irr optical) t 10%l (c_lr - 1050сlгgs irr
Х-гirl,s orily) о{ еllс]r81, tlf tlic GRI] itself ц,аs геlеаsес1
iri tlrirt, регii_rt1. Тhеrс: rvirs solrte activit1. lvirlclr had
гаt}tс:r lriglr t:rrегgч, соttillагtrЬlе tt> tli;rt of thtl GRB
llui,st. ,\rrd it rvas ott а tirrre scirle of (- 10б s) 10.000
tirries lclirger tlrari t,htl duratiorr of tlre GIl,B itself.

Tlris епigпlаtiс гc-bгig}rterrirrg of tlre GR.В 970508
trftc:rglow с:оulсl ilcl iI cl.}llsc(]1101t<:c: of t:trllisiorl of the
jct sirock 1i,oirts lvitir tlrc: 1rig}i clc:rrsity sрhегiс:аi shell
or, а slraril boutrdary (or t,lrc oveгdetlssl rсgiоrr) witlr
ti clittrerrsiott of2r,,1". - j,()t5 c:trt iir lTlric}r tirc геlеаsесl
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::laSS was stopped during the WR phase of the GR.B
:,Iogenitor. That dense оutеr sirell with а dimensiorr of

- 1015 спI catches up the essentiai Х-rау energy and
,,,р hаче а пеw Х-rау soltIce of 0.8 day аftеr tlre GRВ
Гig. 5 Ь). But we do not оЬsеrче the jet itself. \\'е

.=е (especially in this maximum briglrtтress of GRB
,,:-)508 aftergiow) the пiarrifestation of both these
-...lcks and (as thеir effect) а po\fu,erfu] Х-rа1, sоuгсс
,:,sirrg as the jet moves t}rrоugh tlre derrsity in}ro-

.. gcrrity (- 10'О cnr-3) аrоuпd the pre-SN (= WR),
-_:,l]агепtlу, ttris is just the exponential decay lag of
..] s}iell (а splrerical lауеr оf а thickrless of - 10]5

::. r:oo) al4ainst tlre background of sупсhrоtroп гadi-
.- ll1 of tire slrock wave in it rhat we оЬsеrче drrring
- .:гд1 dal,s after the пrахiпrum (Figs. 4 and 5) fоr

] GRB 970508 afterglorv. Аftег tiris а псп, Х-га},
- .],сс has flashecl out (4 5 <lays аftег GRB), опlу
. :_, liгоtrоll гаdiаtiоп of tlre s}iock wave relllaills itt

-.::il$e of the jet tlrrough t}te horrrogerleous ISN{ with
..]lisity of rr,0, wirich existed аrоulid GRB ргuр,r,rri-
. .rt, агоuпd the WR stаг. T}rese аге irрргохltпаtеlч

...- -ii],llle nrechanisms of rаtliаtiоп that аге trsecl lry
:..litescu & Kurnar (2001). But регtrарs tile stгotlg
.icTation due to the irrteraction оf thc relativistit:

- к ц,ith ttre arrrbient пrediuпr does not агisе as in
:, nrcldcl liecausc tlte coTrrpact гeltltivistic jet (оr

...et'' ) is deccierating but riot the s}rock. Tlris "brrl-
:Ii()\,os at а relativistic: spcecl апd thc sirock (агls-

- -.) lt Inoves tirгougir ISN,I) опiу }reats this nlcdiuln.
, is поt aiways tlrat suc:ti arr очегсlепsit_ч t:atr aгisc
.:,r1 tire GRB ргоgеrritоrs rrrrlike the ctrsc: of GRB

- ,S ргоgеrritоr. It clepetids оп the value of l?,0 itlld
.. l, lrrctors (see Rarrrirez-Ruiz et а1., 2001). But trp-

,l.:1r-. а sрhеrе of а size of - 10t5 cпr агоuпd WIt
-.: .lften forms,lvitlr а mоrе ог less slrarp ilrпrp irr

.:.i\, irt its Ьоurrdагу. In connectiori ivith that I

..,. 
'llo1d to say hеrе sопIе "seditious" thought: the

,,,,:l lэгеаlts оr steepeпing of sоmе GR,B afteгglori,

- . uг\Iеs (have Ьееп irrtеrргеtеd as а c:ollirrratiorr
, iп GRB-rrrodels ll,,itli firеЬаll) сап Ье explained

,.... sceirario (with the ilcceleгatioll оf thc relativis-
: br- Х-rауs 1- 7-rауs) Ь5, ltrc salrre illteractloll

, ,,rr this iet (оr "bullct") arld tlre in}roпrogeneous
., .itl агOuirсl WR. As tlrc jet 8оеs out of this sрtrеге
--_tсlluпt derrsity аrоulrсl the GIIB sоuгсе chal}ges

:lе sрhеге flaslres оп. Тhе Ьrеаks w111 аррс:аг
..- liglrt сurчеs tirat аге гelated опlу to itrlroпro-

- - ies of п(r) пеаr the GRB progeriitor. (As to thc
..:s 1п tlre light curves see also Piati et а1. (2000),

,:-l1 Cirerrg (2001), and rеfегепсеs therein.)
-_:.с1 rr,}rеге does the acceleration of the jet uр to а
. -,, l_.tic vclocity оссuг? Now we rvill tгу to апswеr
- .,_ii,stion. Tlie photon fluх producing the rасliа-
. . l,.S-qurе ассеlеrаtiпg the шаttег at а distarrce of r
- -ite сепtеr (пеаг the GRB site) is L6;ццf (4Tr2).
- :.side this region alid iir tlre irrrrnediate vicinit1,
- -,RB sоurсе tlre рhоtоп f]ux turns out to iэe huge

Iz34
Days аftег GRB

Figrire 1: Tlte l,ight сurчеs of GRВ 970508 optical
couпter-part duriпg 5 days after the Ьurst, SДО RAS
(filted sllпl.Ьоls) апd Раlоrпаr, (ореп tгiаrlglеs) rrlog-

ltitudes u,itlt, th,eir еrr,Oтs ат,е sh,oшrl,. The line-s соrrе-
sI)on,d to th,e сlропепtiаl decl,irt,e rlJ bri,ghtпess reportetl
i,rl (Sokolrlu et ol,, 1998). For R" also the bclst fit yloucr
la,ul ,is slt o ulrt, (dotted lirt,e ) .

irnd at least not less t}rari Eddirrgton's flux. (Frопr deI'-

initlrlrr: if Lg4,1 is t}rc Eddirrgtorr limit, - 10l]8ег8,s 1

fЬг 1 ,1,19, ilnd Л* is the size of а conpact clbject
оl - 10б {:ttl, then Lp,1,1f (4TR'j) is а flux btuppirrg
1,he аrlсгсtiоii onto а сопrрасt sоuгс(] tht: falling of
mаttеr оп tlrc sоurсL] at ti раrаЬоliс vclocit1,.) Frоrп
tlre cclrriiitiorr that tire plrotorr flux L6;дз/(,1тr2) at а

clistartce of i, is cqual t,o tll,e Lp;,taf (атЛ]) arrd tai<illg
i]lto .Icco1lllt t}rirt tlie lrrrliirrosity of tlre GRB гаdiir-
tiorr is Lc;H.B - 1050-ijlеr8,с'1 (arr isоtгорiс etlltiva-
lerlt), it is possible to obtairl arr tэstirnate of tlre sizc
( l ) of tlre rc:giolr in whiclr tlrc: llglrt ргсssurе асссlег-
atcs th<l rttatter агоurtd the GRB sоuгсе to гelatir-istic:
atrd ultгtlгеlаtiчistiс (fоr r ( J ) velocities: l - 10l:
спt:; 1.1iti,1. So, lt carr Ье пеаг the геgiоrl of а size
of ,v 6-R6.;, r,v}riсh follorvs 1rоrrr the clbservation ol t}rt,

чtiгiаЫе аЬsогрtiоrr fеаrturе 1rr l1re рrопrрt X-t,ar,,,llli.-
siorr of GRB 990705 (Alnati et aI., 2000).

5. Surrrmary

Тlrеге is circuпrstantia] evidence that GRBs аrе asso-
c:iatcd rvitlr tlre coilaps of massive stars. The оЬsсrr,а-
tiorrs irr optical (GRB host galaxies, ОТ light curves)
апd GR.B Х-гачs (liglrt сurчеs and sресtrа) suggest
that tlris is so. Nevertheless, does every 1опg GRB
begirr rvith t}ie corc-collapse slrpernovti explosion'? It
is still еаr1l,tо draw firm conclusions new оЬsег-
va,tiorrs аге nceded -, but in аrrу case а ]ink betweerr

GR,Bs arrcl SNe seeпrs to Ье cotivitrcingly corrfirmed-
\Veak cпrission lilre fеаtuгеs 8-40 liours а{lеr the GRB
mау also result frоm tlre suреrпоча GRB sсеtrаriо. In
all these cases significarrt X-rti1, atisorptiotr fеаtrrгеs,
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Figurе 5: GRВ 970508 liglbt сurчеs:(а) Дl-l?.| ,9,4С)

RДS tto,ta; (Ь) 2 10 kеV ВеруэоSАХ MECS Х-rау d,l,-

ta (Рirо et al., 1998), tLte цlouler laul ulitit ihe slopc: of

-1.1 * 0.1 t]s shошzl (dcl,shed li,пе).

iп раrtiсu}аг duгiпg the рrоmрt GRB phase, itге ех-
pected. No significant Х-гау sресtгаl featttгcs shclulcl
rеsult frопr compact-object Ьiпагу mсгgсгs.

Неrе ali atterTrpt is urrclcrtakcn to undcrstalrd thcl
light сuгчеs (irr Х-га5, and iп optical) of the ОТ of
GRB 970508 which have печег been explained ргсlр-
еrlу, so fаr. 'Гhе Х-гау, spec:tra апсi the light сuг\rcs
(like ОТ GRB 970508) sorrre of GRB afterglows poirrt
to the existence of the dense rnediurrr surrоuпd-
ing GRB sоuгсеs, vrlrich, conrbirred rvith the dar-

ta оп GRB host galaxies arrd t}ie nrarrifЪsttr.tiorrs of
SNs orr the light сuгlrеsJ аgrееs rvell with tlre scenar-
ios wttеге the GRB рrоgеrritоr (оr рrе-SN) is а WR
Staг,

If а GRB рrоgепitоr аlъ,ауs соiпсidсs rTitlr а рrе-
SN рrоgеrritог (ог GRB рrоgепitогs аrе ac:tualiy \\iR.
stars). tlren tlre GRB radiatiorr is аllчауs чегу со1-

lirrrated. Then t}re fоrпrаtlоrr of relativistic "jc:ts Ьс-
comes an inevitable colrscquerlce of hugtl гircliational

рrеssurе owirrg to tlre hrrge flux duгiпg the GRB. \\kl
have not known so fаr hor,v to ргоdrrсе suclt а llаrrо\ч
Ьuпсh of hаrd Х-гауs and 7-rауs оr what, t}re lпес}t-
arrism of GRBs is. (TIre sarne аs fiгеЬаll GR,B rrrodel
mаkеrs do rrot kriorv how to ргоduсе it the fiгс:Ьа1l.)
Brrt iп that sсепаriо, wit}r the straightforward link
of the GRBs arrd core-cclllirpse SNe and (as а result)
rvith the stгопg 7-rау beamirrg, t}re еп(]гgеtiсs of tlie

GRB sоuгr:сs is sttlэstairtially lоr,"к:r arrci thc епегgу I,e-

lease is rrclt lrigher than ttre llolorrretric luminosity of
SNe. Scl, we (:alr гс:duсlе the GRB ргоЬЬm to the old
опе the pгci}эlerri of the SNe explcisiclli ll}есhапislп.
Brrt this is а rcllicf tclo the ntttntier of hypotheses
оп tlie GRВ sоuгссs cioc:s rtot itrcгeasc at least.
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