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Qutline

Properties of Gamma-ray bursts (GRBS)
» Swift detected 160 GRBs during 2005/01-2006/09.
» Systematic analysis of 160 prompt emissions

Properties of the early X-ray afterglows

» Systematic analysisof 128 X-ray afterglows:
Properties of rapid decay, shallow decay, X-ray flares

» |dentification of rapid decay phase
» Properties of the X-ray flares
» Relation of the shallow decay phase and prompt emission



Gamma-Ray Bursts

Gamma-ray bursts (GRBS) are
B the most energetic explosionsin the universe.
B at the cosmological distances (average redshift: z~1.3).

E At least some GRBs are associated with
supernova explosions.

SN 1998bw
Afterglows are
B broad-band (radio/infrared F,
[optical/X-ray).
E Most lightcurves show a smooth . GRB 030329

power-law decay with the time e e
( th. Wavelength ()

The afterglow spectrum of GRB 030329 reveal s
the spectral signature of Type-lb/c supernova.




Radiation mechanism of GRBs
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Afterglow observation

Afterglows provide

# accurate GRB position
redshift

GRB jet structure
energy balance
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What is the connection between the GRB and the afterglow ?
Simple power-law function ?



Light curves of the early optical afterglows

However,
some optical afterglows show deviations from a smooth power-law.
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Shallow decay phase was observed in the early optical light curve.
Steep decay was observed in the early optical light curve.
( Bump was observed in the late time (1 day~).)



Swift

Swift isthe first mission with ability to begin multi-wavelength

observations within ~1 min after the detection of GRBs
Launched in 2004/11/20

BAT (Burst Alert Telescope)
Gamma-ray imager
(15 150 keV)

Slews to the GRB position

UVOT
UV/optical telescope
(170-600 nm)

X-ray telescope
(0.3 10.0 keV)

Swift makesit possible to perform follow-up
observations within 100 s after the bursts.

Natall ~AOND knm ~21°



Swift GRBSs



Tempora studies

Light curvesin the energy range of 15-150 keV



Burst duration
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B Duration are distributed around 10-100 s.
B Swift GRBs do not show clear “bimodal” distribution.

Differences of the energy band and trigger system ?



(1+2) E, (keV)

Spectral studies

Systematic analysis of 160 prompt emissions (2005/01-2006/09)
B Typica GRB - Band functionl" ,~-1,[ ,~-2.2, Ep~250 keV

E Best fit models of BAT spectra (15-150 keV)
134 GRBs: single power-law (photon index ~ -1.5)
26 GRBs: cutoff power-law

B For six GRBswhich obtained hoth redshift and E.. follow
| the EGR@%{)&Q{?W L, E>{re -~ 10
NE A TEL B (-250KeV) | . M o~22
| @
'E-2.2
> o

Energy

- o Photonindex " -
F (10520rﬂ\ I 171 [KE\/)



X-ray afterglows
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Light curves of X-ray afterglows show three distinct power-law segments.
Initial steep decay phase (a ; ~-3)
very shallow decay phase (a , ~-0.5)

steeper decay phase
X-ray flares

(a 3~-1)



Rapid decay



Curvature effect

The prompt emission from thelargeangles(®8 I 1)
that reaches observer at late time (A t~R6 2/2c).
At

Fy ~(ttg) v P ~(t-tg)=Pv P

o :2+[3 (Kumar & Panaitescu 2000)
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d (t, = triggér ti mé)
a -B relationissatisfied in most cases, but some cases
show a steeper temporal decay index (o 2+[3 ).

We calculated the t, values by fitting the light curve with the function
(Zhang et a. 2006, Liang et al. 2006)

F, =A (t—t)@B) /t,+ B tC

10

t, vaues correspond to the beginning of the last pulse.



X-ray flares



X-ray flares

» X-ray flares show large amplitude and short timescale.
» Temporal decay index before and after the flareis
approximately identical.

Afterglow (external shock) variability or not ?



Theoretical models of afterglow variability

O > O >

Central engine Central engine

Fluctuation in the ambient density Patchy shell model

O > O >

Central engine Central engine

Refreshed shock model L ong-acting engine model
(Internal shock model)
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Kinematical limits on afterglow variability

Kinematical limits on afterglow variability
(lokaet al. 2005)

_
=
L

—
-

Patchy
S Density —>
e | & Refresh
logAt/t

A
AF
= T
v
«—>

At

t

The X-ray flares with short time scale
and large amplitude are difficult to
explain with external shock.

L ong-acting engine model
(Internal shock)



X-ray flare start time

We calculated the t, values of X-ray flares by assuming
thea - relation (Liang et a. 2006).

660 s | 240 s | 18000 s

t, values are determined near the beginning
of the rising segment of X-ray flares.

X-ray flares are due to central engine activity
after the prompt emission is over.



Temporal profiles

Temporal profiles of GRB pulses are characterized by Norriset a. (1996).
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Spectral studies

We studied the spectral properties of individual X-ray flares

using the XRT data (0.5-10 keV).

Best fit model . power-law ( ET)

B PhotonindexI” 2.0
Spectral Peak energy is below
the XRT energy band.
E,<0.5keV

B Photonindex” 20
Spectral Peak energy iswithin
or above the XRT energy band.
E,~0.5-10 keV or E, > 10 keV

We tried to fit the spectra using
both the BAT and XRT data.

Mo ber

Distribution of the photon indicesT



BAT-XRT joint fit

We performed spectral fitting using both BAT and XRT data.
Best fit model

7/ events: power-law (I' < 2.0)

3 events . cutoff power-law or Band function

~ GREBE gl

=

: %t ':"""’“a 27 keV |
N™ l | 7 events were well fitted with PL
- N23 1 (T 20)
_ ; Spectral peak energies are located
] abovethe BAT energy band.
o JTLﬂMmﬁWWJ ji REEREEE | audl | E,> 130 keV
N

E, of X-ray flares are distributed 0.5~ few hundred keV .



Summary of X-ray flares

X-ray flares with large amplitude and short timescale
are difficult to explain with afterglow (external shock)
models.

T, of most X-ray flares are consistent with being near
the beginning of the rising segment.

Temporal profiles and spectral properties of X-ray flares
and GRB have many common characteristics.

X-ray flares are likely due to central engine activity
(internal shock scenario), after the GRB s over.



Shallow decay



Shallow decay

[ Ldt [ toSdt tos

Theoretical models of shallow decay
- Continuous energy injection model
Tyo ) |nhomogeneous jet model
Time-dependent microphysics model

We examined if there are any correlation between the parameters of
prompt emission and the shallow decay phase?

We compared the E, ;,, and the end time of the shallow decay phase Ty, ,



Estimation of the Ep

VFV A Tp \/FV A Tp
Typical valuelr =2.2
E-(2a) T P E+0.2
71/ N
/ 111 /.
Energy Energy
GRB spectrum typically described BAT spectra are described by aPL.

by a Bandsotr@jwie. luminosity is estinatedB#sT cannot well determine Ep and
Liso = 410 0,2, (U(2-a ) B(Erpigypregon indec
L&, — E, relation isgiven by Ghirlanda et al. (2005):
E,/ 100 keV = 4.88 (L;s, / 1.9% 10~ erg/s)?>

We can obtain the E,.



Correlation between E, ;,and T,
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The larger the isotropic GRB energy (E, ),
the earlier the end time of shallow decay phase.



Energy 1njection

O >

Refreshed shock

The inner shell finishesto catch up
with the outer shell at T, ,.

4

4

GRB withlarge E, ;, gject shells
with large Lorenz factors.

® >

Long-lived central engine

Central)gug'ﬁy BEPETAB ANt Ty, -
¢ X-ray flares require epi: odic energy
Injectic }
However,
¢ Shallow decay require smooth and
continuc!'= energy inject v

GRB withlarge E, ., gect shells
more rapidly.



Inhomogeneous | et
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Time-dependent microphysics

Energy fraction € 5, € . depends on the shock’s Lorentz factor I .
~Forl" T 4,6 . € g vayintheearly afterglow.
ForlT I ,,& . € g areconstant asobserved in the late time afterglow.
(I ,isthe Lorentz factor of the outflow at the X-ray decline transition.)

e

Ty, corresponds to the time at whichthe " isdeceleratedto I
[ of the external shock evolvesasl™ (t) E Y8t38

Tb,2 B O8/3 Ey ,i501/3
Positive correlation between T, ,and E, ;,

Thisrelation is inconsistent with the observational result
of inverse correlation between T, ,and E,



Summary of shallow decay phase

FromE, i, — Ty, correlation,

» The shallow decay phase are likely not due to
the “time-dependent microphysics model™.

However,

» “Energy injection model” and “Inhomogeneous jet model”
have a serious problem.
Unreasonably high gamma-ray efficiency of GRBs  75-90%
(Tomaet al. 2006, loka et al. 2006)



Conclusion

X-ray flares
» X-ray flares are likely due to “long central engine activity”.

» Temporal profiles and spectral properties of X-ray flares and
GRB have many common characteristics.

Shallow decay phase

* The end time of the shallow decay phase is anti-correl ated
WIthE, .

— The shallow decay phase are likely not due to
the “time-dependent microphysics model™.

However, other models “Energy injection model” and
“Inhomogeneous jet model” have a serious problem.



