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ﬁ' WHAT ACE THEY Z

W BRIEF BORSTS OF H\6W-ENERSY
RADIAT ION, KASTING 107%-10%s

W ALMOST Akl (AS%) OF LIGHT
COMES OUT AT GAMMA-PAY ENERGIES

P SKY DISTRIBOTON IS ISSTCOPIC.



STUDY OF GAMMA-RAY BURSTS MARCHES ON

whee The hell )

do gamma-ray
burs‘ts ﬂ?mfﬁ mm?




¥ WY WAS QUESTION SO DIFFICULT To ANSWEE3

W  BULITS COME AT RANDOM TIMES

& BULETS COME F2OM RANDIM
DICECT IONS

* BULSTS HAVE W'pE DWEESATY
O TI\ME H(TTOLIES

BUCSTS ALE NOW-THEZMAL
PHENOME N ON

% NO COUNTER PALTS DETECTED

STUDY OF ¥RAY BLESTS (SOLATED
FROM REST OF AST RONOMY

SCIENTISTS WHD STODY BOESTS
WAVE ONLY LAWS oF PUYsICS

AVND PLOPELTIES OF THE BOETS
o GQOIDE THEM
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HST STIS OBSIEVAET (ON OF 6Rk% SH0O2AR

(FeuCcyTeRr. €T AL. 1A8)
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Trigger 2Z0030328_113714.70 =

Light curve {(Fregate B} that triggered H2E52
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Pop. III Stars Form Epoch of
(First Light) Recombination
(CMB)
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The ways in which GRBs may be used to probe the very high redshift
(z>5) universe indude the following:

0 GRBs may alow astronomers to determine the epoch of firdt light,
snce they are thought to come from the collapse of massve gars --
which are the kind of starsthat are thought to form fird.

0 GRBs are thought to be the result of the collgpse of massive sars.
Thus they may provide information about how the rate of formation of
massve sars has evolved in the universe,

0 GRBs may be a unique probe of the earliest stars (Pop 11 stars, which
have zero metds-- i.e,, no C, N, O, Mg, Fe, €tc.), which are thought
to have formed at z \approx 20.

0 The meta absorption linesin the spectra of GRB afterglows glows can
be used to trace the higtory of the growth of metdlicity of the
universe. The light from the brilliant opticd afterglow of a GRB
intercepts gas clouds and galaxies dong the line-of-gght from the
GRB to us. The metal atoms in each of these clouds and gdaxies
absorbs light at specific wavdengths, telling astronomers the
redshift of the cloud or gdaxy. The srength of the absorption line
tells astronomers the abundance of the metd (a stronger line means
more of the metd is present; aweaker line mearns less is present).
These two pieces of information alow astronomers to trace out the
increase in the metdlicity of the universe from z = 20 until now.

0 The absorption lines in the spectra of GRB afterglows provide
information about the formation of large-scde structure in the
universe.  Again, the light from the brilliant optica afterglow of
a GRB intercepts gas clouds and gdaxies dong the line-of-gght from
the GRB to us. The metd atlomsin each of these clouds and gdaxies
absorbs light at specific wavdengths, telling astronomers the
redshift of the cloud or gdaxy. Using the direction of the GRB and
the redshifts of the clouds and gdaxies dlows astronomersto plot
the locations of the clouds and gdaxiesin 3-dimensond space.

Using many GRBs, astronomers may be able to build up amap of the
large-scde Structure of the universe @ redshiftsaslargeasz =

20. Thiswould provide another check of the picture thet the
large-scale structure of the universe arises from fluctuationsin

the dengity (primarily the dengity of dark matter) of the universe on
which gravity then operates to produce the voids and sheets of
galaxies that we now see.

0 The spectraof GRB afterglows may alow astronomers to explore the
epoch of relonization. The brilliant opticd afterglows of GRBs that



occur before the epoch of reionization (i.e., at redshifts larger than
those a which reionization occurs) will have no light in the UV,
sgnceit will have been absorbed by neutra hydrogen gasin the
intergdactic medium (IGM). In contragt, the brilliant optica
afterglows of GRBs that occur after the epoch of relonization (i.e.,
at redshifts less than those a which reionization occurs) will have

an abundance of light in the UV, since dl of the hydrogen gasin the
ISV between the GRB and us will have been ionized and so cannot
absorb the UV light of the afterglow. This may dlow astronomersto
determine the epoch (i.e, the redshift) at which the universe became
reionized.
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