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['evikn mapatnpnon

* H aotpo@ucikn O10vOEL VTNV TNV ETOYN TN
ONWOVPYIKOTEPT TEPLOOO TNC 1GTOPLUC TNG.
H ntAnfopa tov entyelmv aAld Kot
OO TN UIKOV TNAECKOTI®MV, 1] TAYDTOTN
AVATTUCT TOV DTOAOYIGTOV KO TOV
GUOTNUATOV ETIKOIVOVIOS TPOPOOOTEL
CLVEYMC UE VEO VAIKO TOVG EPEVVITEG

18/5/2004



To TpoBAnua

* Mia oelpd amd AyvooTng TPOEAELONC AVOAAUTES OKTIVOV-
Y, KATOYpAQPOVTOL GLOTNUOTIKG TO TEAEVTOLN 25 ¥pOVia, Le
pLOUO Tepimov pia 1} OVO TV NuUEPa. To vEéo patvouevo
ovoudleton "Avorouméc N e€apoelg axtivov -y" (Gamma-
Ray Bursts).

 H mnyn mov pog £otetre Tic aktivec-y, Oa mpénel pEca e
Alyo OeLTEPOAETTA VO, EEEMEUYE LEPTKA EKOTOULVPLOL
QOPEC TNV EVEPYELD TOV EEEMEUWYE O NALOGC 0td TOTE TOL
onuovpynnke uéypt onuepa. O1 AVOAAUTES OKTIVOV-Y
ATOTEAOVV TIC 1I6YLPOTEPEC, UETA TNV Meydin Expnén,
OLVOAQUTTEC TTOL TOPATNPT|COUE TOTE.
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To TpoBAnua

* O10100TAGEIS TNG TNYNG Elvor TEPITOV 10EC UE TNV
ATOGTAGT TOV OLOVVEL TO MG GE UEPIKA OEVTEPOAETTA,
ONAOT TEPimov iom pne TN NAUETPO TOL NALOV. Ot KTIVEG -
Y ATOTEAOVVTOL OTTO PMOTOVI LUEYAANG EVEPYELOC, TOAD TLO
LEYAANG amo TIC aKTives -X.

* T va onuiovpynBovv Oa Tpémel va ETKPATOVY ELOIKEC
GLVONKEC GTNV TNYT OV TIC EKMEUTEL. AV LI AVOAOUTT
aKTIVOV-Y cUUPBEL 6T YEITOVIA TOVL KOV LOC NALOKOV
cvotnuatoc Oa eCapavicel KAOe popen CoNg HEca 6e AMya
AETTAL.
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Mepikeg Znuovtikeg ITAnpopopiec

*Tv etvar ov axtivegcy; E=hc/A, (N=10"nm ) Gev

* [0t eivon onuovTIKeC;

* MmtopoOuE Vo LETPTICOVLE OKTIVEC-Y GTNV EMPAVELD TNG YNG;
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MEPIKEC GNUAVTIKEC TANPOPOPIEC

e [I®¢ LETPALLE TNV EVEPYELD TTOV EKTEUTEL
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MEPIKEC GNUAVTIKEC TANPOPOPIEC

* [1®g o1 aoTPOVOLLOL LETPAVE ATOCTAGELS;

(http://www.astro.ucla.edu/~wright/distance
htm)

* Ilog perpape T1g O1GTAGELS TIG TNYNG;

L=At*c
R, = 6.9%10" cm
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MEPIKEC ONUOVTIKES TANPOPOPIES

e Mo TUTTIKT] VOAQLUTY
aktivov-y. H
TPOUOKTIKT] EKPNEN
TOV ONULOVPYNCE TNV
OLVOLACLLLTTY)
ameAEVOEPMGE LECQ
o€ Alya 0EVTEPOAETTA
OAGUAANTTO TTOGA
EVEPYELOG.
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H ypovikn e€EMEN

Aprdl 23, 1991
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Tme in >eConds
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H ypovikn e€EMEN

BATSE Trigger #1025
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H ypovikn e&€hén
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H npotn katoypoen

H ntpad Kataypa@r] avoloumoy aKTiveov-y, EYIve and oTpaTIOTIKO
d0pLPOPO 10 1967 Kou avapEpOnke emionUa GTNV EMGTIULOVIKN
KowotNnTa £EN ¥povia apyotepa. Eva cOotnua amd 00pu@Opovs Le TNV
enovopio VELA prikav og tpoyta to 1963 xat eiyav wg 6t0)0 va
KOTOYPAYOLV TUY®OV TOPAPLAGELC TNG GLVONKNGC KATATOVGNC TOV
TUPTVIKOV OOKIU®V GTNV OTULOGPULP0, GTO OLAGTNLO KOl KAT® amd TN
Oaraocca. O TopaTnPMGELS OTIC OKTIVEC-Y EIVOL OAVIKES Y10 TNV
KOTOLYPOLPT) TUPMVIKAOV OOKIU®V, V10T Kaputd dAAN avOpdmivn
OPACTNPLOTNTA OEV UTOPEL VO, TIC ONULLOVPYNGEL.

O Ray Klebesadel kot o1 cuvepydtec tov 6to EOvikd Ivetitovto tov
Los Alamos mapatrpnoayv pe EKnAnEn 0t £vac Leyarog aploudg amo
AVOAQUTEC AKTIVOV-Y OgV TTpoEpyovTay amd T y1. To chumoy «Ekave
TUPMNVIKEG OOKIUESH UE YPNYOPOLE pLOULOVS aryvomvTag TIC O1elveig
ocvvOnkec..
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Eivon yoAoaSlokne 1 EEm-YOAQEIOKNC
TPOEAEVGNG;

* AV 0l avOAOUTEC
TPOEPYOVIAV OO TO
[NoAocla pog Ba Empemne N
TAEOYNeia TOVC Vo

Bpicketot 6TO 01GKO TOV
[N'oAacla.

Ot mopatnpnocelg
OElYVOLV OTL KOTAVELLOVTOL
OLLOLOLLOPPOL GTOV OLPAVO.

Distribution of Gamma-Ray Bursts on the Sky

Expected Observed
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2704 BATSE Gamma-Ray Bursts

+90
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T yiveratl ota Al punkn KOUOTOC;

e Xmpic TANPOPOPIES Ko otd GAAO UK KOUOTOC T
TOVTOYPOVI] TAPATTPTGT ATTO OUPOPETIKA OpYavVaL
NToav advvVaTOV Vo LABovUE oV 1) YN NTov UEGO
oTO YOAOCIOl oG, KO APOL 1 EVEPYELN, TTOV ECETEUTE
OEV NTAV TPOUAKTIKT], 1] EPYOTAV OTTO
eCYaAAEIOKES (KOOLKEG) TNYEC Ko TOTE O NTOy
N UEYAAVTEPN GE 1GYV EKPNEN TTOL TOPATNPT|COULE
HETA TN peyaAn Ekpnén. Ta oedooueEva cuveEyIGay
VO GLGCMPEVOVTOL KO OLUTIGTOCOUE LUE EKTANEN
0Tl Ol AVUAQUTTEGC NTAV OULOLOLOPPOL

KOTAVEUNUEVEC GTOV OVPAVO.
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H cuvéyein ota dAAo UK KOUOTOG KO ULOL GT]LLOLVTIKT)
GTLYUN

VISIBLE LIGHT
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M1io TOAD GMUOVTIKN GTLyuN).
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2TO, OTTTIKOL

Gamma Ray Burst 971214

Keck « December 1997 HST/STIS - February 1898
PRC98-17c - May 7, 1998 - ST Scl CPO
S. G Djorgovski and S. R. Kulkarni (Caltech), the Caltech GRB Team,
W. M. Keck Observatory and NASA
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Dacpo 6TIC GLYVOTNTEG

mm‘mﬂm L

V. GRB 990510

s t=0.72day

= B.7 GHz
+ I-band

e V-band . 'x,;-=42."ﬁgd.f.
* 5.0 keV :
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2LUUTEPACLOTO OTTO TIC TOPOTPNGELC Y10 TV OVOAQLTY

* GRB &yovv cOvtoun owdpketa (0.1s-100s)
* H evépyeia tov poTovimv
100 KeV<hv<1GeV
* H ypovikn €CEMEN TOV TOAU®V OEV VAL T
o
 H mapatnpovuevn pon evepyelog etvon
10>-10"7erg/cm?
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2LUUTEPACLOTO OTTO TIC TOPOTPNGELC Y10 TV OVOAQLTY

e O1 ueTpNoelg TS ATOCTUCNG TNE TNYNG
TEPLOPLOAV TNV EVEPYELN TOV TAAULOV GTN
neproyn 10°1-10°%ergs (cpaipikn coppeTpio)
kot 10%°-10°% yio katevOovouevn pon
EVEPYELOC

* To edopa gival un Oepuiko (vopo ovvaunc
He petoPoarropevong exETEC)
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2LUUTEPACLOTO OTTO TIC TOPOTPNGELC Y10 TV OVOAQLTY

* Tavtoypovn mapatnpnon GRB ue tovc
VITEPKAIVOPOVNC OGTEPES

* [Towa etvarl n 6x€on tovc? EAdyiotot
vepkatvoeaveic cuvocovtor pe GRB

e 2pouplkn pe katevbovouevn pon?

18/5/2004
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2VUTEPACLOTO OTTO TIC TOPOATNPNCELS YO TIG LOLOTNTEC TNG
TyNe peta v avoiounn (afterglow)

 H mnyn apyiCel va eKTEUTEL Ko GE QAL
UNK”M KOpaTog (axtivec-X, OnTiKa,
paoto@viKQ). H evépyeta tov mnymv
QVTOV EVOL KOTO LEPTKES EKATOVTAOES
(POPES MKPOTEP

* H pon ¢Oiver pe to ypovo F = t2 a ~ 1.2

* Tavtoypovn mapatnpnon GRB ue tovc
VITEPKAIVOPOVNC OGTEPES

18/5/2004
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BURST CLASS |

(SUBCLASS)

Long
[normal]

Long

afofs
TYPICAL

| PERCENTAGE = DURATION OF

OF ALL
BURSTS

25

[x-ray-richor
x-ray flashes]
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. INITIAL EMISSION |
[SECONDS)

20

INITIAL

GAMMA-RAY
' EMISSION

EMISSION

3

AFTERGLOW

X-RAY

_j

AFTERGLOW HYPOTHETICAL :  EXPLANATION

VISIBLE

EMISSION

J

CENTRAL

Energetic
explosion of
massive star

Energetic
explosion of
massive star

FOR PECULIAR
PROPERTIES

Not applicable

¢ Extremely distant

or weighed down

. by extra particles

vy



[Ti0ava Movtéda Yoo TNV epunveio

AUTAQ GUGTNUOTO AGTEPMV VETPOVI®MV (AAAAL KOl LEAOVAOV OTTAV) Elvat
mOavo va onuovpynBoiv. Iepiotpépovial yOp® omd To KOO KEVIPO
nalog Tovg aktvoPolavtag evépyeta Kot TANGLALOVY GLyd-GLyd,
LETAED TOVG. XTO TEAOG TEPTOLV TO £VOL ETAV®D GTO GALO
ameEAELOEPMOVOVTOC LECU GE OEVTEPOLETTO TPOUOKTIKA TOGH,
NAEKTPOUOYVNTIKNG Ko BapuTiknc evépyelas. H evépyeila mov
anelevfepmveTol Eivor TOGO HEYAAN OV EEMEPVA GE EVIAGT TO PMC
OV GTEAVEL OAOKANPOG O YOAOEioG.

H cVykpovon avtn €xel ®C AmMOTEAEGLO VO OLATAPBAEEL TO Y OPOYPOVO,
Ko av o Einstein €yel olkio 0o mepiuevooue 0Tt OAEC O1 AVOAUUTEC
aKTIVOV-y TPEMEL Vo Elval TOVTOYPOVA Kl TNYES POpLTIKOV KOUATOV.
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4 /4 7 |4
H onuovpyia piog evromopuévng yopikd Ekpnéng (fireball)
FORMATION OF A GAMMA-RAY BURST could begin either
with the merger of two neutron stars or with the collapse :
of a massive star. Both these events create a black hole
with a disk of material around it. The hole-disk system, in X-RAYS,
turn, pumps out a jet of material at close to the speed of j E:EETLE
||ght Shock waves within this material gi\l"e off rad_iation. JETCOLLIDES WITH RMJIU,
AMBIENT MEDIUM WAVES
[external shock wave)
GAMMA RAYS v-i
BLOBS COLLIDE :
SLOWER [internal shock
i : FASTER BLOB wave]
BLACK HOLE DISK BLOB— .
PREBURST
GAMMA-RAY EMISSION 7
|' S |
MASSIVE :
STAR AFTERGLOW
18/5/20( HYPERNOVA SCENARIO
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BTARS IN AGLOBULAR CLUSTER zip around
ike bees in a swarm. Occasionally three or
our come close to one another. Their close
Encounter redistributes energy and can
ling one of the stars out of the cluster
pltogether. The remaining cluster members
uddle together more tightly. If enough
tars are ejected, the ones left behind
begin to collide. This process typically
ccurs over billions of years

RAVITATIONAL FOCUSING
N THE COSMIC SCHEME of things, stars are
bmall targets forimpacts. Each sweeps out
h very narrow region of space, and at first
plance it appears that two such regions are
nlikely to averlap. But gravity makes stars
nto larger targets by deflecting the paths
bf any approaching objects. In effect, each
btar actually sweeps out a region many
imes its own size, greatly increasing the
brobability of overlap and collision.

IDAL CAPTURE

BLACK HOLE or neutron star makes an even
imaller target than a normal star. But it can
:xert powerful tidal forces thatbend a
hassing star out of shape. The distortion

lissipates energy and can cause the two
jodies to go into orbit. A collision between
he two is then just a matter of time, as
iuccessive close passages rob ever mare
irbital energy.

EJECTED STAR
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‘Eva atAO HovTELD

* M ecmTEPIKTN «Unyavi» Tov Ba Tapdyel
KOTELOVVOLEVT) GYETIKIGTIKT] POT] EVEPYELOG

 H petagpopd ¢ EVEPYELNS GTO YDPO

* H petatpomn tng KIvnTiKNG EVEPYELOC TNG PONG GE
aKTIVOPOALN LE TN HOPPN TOV TAALLOD

* H petapopd tc vmoLomng evEpYELNC GE
aktvoPoAia (axtivee X, OTTIKA, POOIOPOVIKA ) GE
GAAN KApOKO ¥POVOL
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H ypovuc e€€MEN ™G avoAaumng eivot OLopOPETIKT Y10 KAOE UnKog
KOUOTOG KOl 00TO amOTEAEL Eval €100G “TTEPLOPIGLOV” V1ol TO LLOVTEAQL

18/5/2004

Afterglow
Burst :
Pre-Burst - 1} -

Shock
~ Formation

LOGAL MEDIUM
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To povtéLO TV TOALUTAMV KPOVGTIKOV KUUAT®V
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To povtéLO TV TOALUTAMV KPOVGTIKOV KUUAT®V




To povtéLO TV TOALUTAMV KPOVGTIKOV KUUAT®V
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To povtéLO TV TOALUTAMV KPOVGTIKOV KUUAT®V

04 06
observer's time

04 0.6
observer's time

e

0.6
observer's time

0.4 06
observer's time

d
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0.2 04 086 08
observer's time

f

1

46



MeTaTpomny) TG KIVNTIKNG EVEPYELNC GE «DEPLLKT

Joooooooo00,
10

18/5/2004
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ddopo amd To NAEKTPOVIN TOV ETLTOYVVOVTOL GTO KPOLOTIKO KOO,

E
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CI| —_— '[]'5
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Avaxeparaimon tne mhavng epunveiog

* H evépyela mov eKTEUTETAL LECA GE ALYOL OEVLTEPOAETTOL
elval ACVAANTITO LEYAAN

e  O1vmyéc Bplokovtal 6 amodcTOon HEYPL ko 12- 13
OLCEKATOUUVPLO TN QOTOC LOKPLA, ONAOT] KOVTA GTNV
ueyain ékpnén. Tionuaivel ovto Yo To LOVTEAQ
ONULOVPYING TOV GUUTAVTOG;

e IIBavéc myec-To KpoVGTIKO KOO TOV ONUIoVPYNONKE
LETA amd TN GLYKPOLGT) OVO OGTEPMV VETPOVI®V 1 M
ONuUIovpYio Lo LEAOVNG OTING OO TNV KATAPPELCT EVOC
aGTEPO LEYAANG HAloG.
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Avaxeparaimon tne mhavng epunveiog

e AveCaptnto amd TNV YN TOV TPOKOAEL
TNV ameEAELOEPOGT TNC EVEPYELNG, 1| LEAETN
TNG GYETIKIGTIKNG PONG KOl 1) OT|LULLOVPYI
LLOC GLGTOLYIOG KPOVGTIKOV KUUATWOV TOV
Qo pLeTaTPEYOLV TNV KIVIITIKT] EVEPYELD CE
aKTIVOPOAIO GUYYPOTPOV ATOTEAEL T KVPLU
Ocwpnrtikn tpoomabelo oruepa
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[Towa etvon np oyeon twv GW g TIC avoAaumec
AKTIVQOV Y7

e Ta mBavd poviElo Tapay®YNS TNG
CYETIKIGTIKNG PONG EIVOL KO LLOVTEAQ
BapuTiK®v KOpATOV

e TIowx elvail n oyeon tovc?
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BipAtoypaopia

 Gamma Ray Bursts and the fireball model, T. Piran, 2003, see astro-
Ph data base

 Gamma Ray Bursts-a puzle been resolved, T. Piran, Physics Reports,
529, 2000

o Theories of Gamma Ray Bursts, P. Meszaros, 2002, astro-ph/0111170

 Gamma ray Bursts afterglow, van Paradijs, et al., Annual Review of
Astronomy and Astrophysics, 2000.
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