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Fig.l The light curve of GRB960113 in two mode data. Here T; is the duration time of pulse ¢
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Fig.2 The Distribution of GRB time lags. The upper panel gives the distribution in
the range of [—250, 70]
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Table 1 The width and the lag during 2 FWHM of GRB960113

Pulse 1 Pulse 2 Pulse 3
Lag/ms —98.6 + 8.2 —160.0 £ 12.8 —284.2 +32.6
FWHM/s 1.2 +0.16 3.9+ 0.08 5.2+ 0.17
Lagl/Lag2 0.62+ 0.1 Wy /Wa 0.31 £ 0.05
Lagl/Lag3 0.35+0.1 W/ Ws 0.23 + 0.04
Lag2/Lag3 0.56 + 0.1 W2 /W3 0.75 + 0.04
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Fig.3 Variation of averaged time lag vs time
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Table 2 Fitting of averaged time lag

Pulse 1 Pulse 2 Pulse 3

a —2.3240.04 3.56 £ 0.06 —15.32+£1.25

b —4.33£0.01 —~3.63 +0.03 —2.22+£0.04

c 0.40 + 0.004 0.10 ¢ 0.002 0.009 & 0.029

x2 1.05 0.82 0.91

T;/s 4.8 4+0.01 17.55 + 0.01 14.25 + 1.29

1(0)/ms —— —120.92+3.53  -251.62+23.95
UTy)/ms —120.92+3.53 —251.62+2395 ~584.86 4 122.57

N; 34739 £ 186 46909 + 217 32227 + 180

N BTROERSRERE T AR N & ¢ R RIBERER.

128« DRREIIFFERETE (¢ = 0) FNZEIRITZIH) Lorentz BRI7535124 vi(0) 1 vi(Th),

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

12 B I I T 24 %

Ty S8 § ARk R T, ISR 45034 1,(0) 1 Li(TL), WA () = ljmmmﬁ%

L) =L(t) +t- dit: ()] (3)

Bt KT TR, L) =Gty = LT, RMHE

Wu 1 Fenimore'™) i3I T A< [ 6% B i 5% 7 B e 181 838 -2 pa gl Hy £ brpr . i
FEFH R P HIZ PRI E AR R N A, AET SRR, BRxRE S, H
At AAE, W ARSI AT R B R0 & S5 W, Fv ok WL B B TR EE R Y At

At = v(1 — B)At ~%§— (4)

v AR v BRI Lorentz R, B ASZHMNMKER. BREE—-—THERIER, 2
B AFRRoP i) At AR, WPMF=A v BEATH 50 B A (R sl B, A S A e 8] R
At ROZIMSE . B TEE v BRI LSRR, LA 80N F0 % B T i 4R,
Fenimorel”) 2 H#EH v RHIMKoPEE W A4

Wi = ’71'(1 - ,Bi Ccos GZ)W; (5)
TR RALREIEE i /l\ﬂi((df’ 6, ~ 1/v AR SHMIEHEAZNKMA. BT > 1 L
KA Wi — ﬁﬂ%&#ﬂ?* W MR (BRY) R 5EA MR I R, )

Wi v _ At

= = . 6
Wj Yi At]' ( )

i@ 1 §1 GRB960113 fi3iH 5 HAH,

Nll o~

# LA Ey e ) SR AU B

AP BE Y SR W R T HB‘JR)E

— RN PUB R B BENLI Lorentz (R 0552 AR ELREAT = £ 9 12 A%
SEH AP - IEHERROERE, AholskiREER (BlbE) FEKKE EESMER
HT MR, KERME, /4 v BHFEE RE (6) X, + WEDLRIE At &
WA, GRB960113 WAL SXMIELAYE. — MBREFIVIRE | WERERA
AE; = [v:(T3) = vi(0)]me?, AE —EA5e b b5 e, BIRAEREAMERE—EH, W

B OB « mO6FitE). TR, —~ A0 W =60 6 emmey

o B} Tm+1 AEi+1 T Y1 (Tis1) — Yia 1 (0)
e ae, B 200 2 BT g e s A W AR AR B,
B 7ii1(0) ~ vi(T3), #&

(T 1:(0)
n AE; _ L(T;) - 1(0) i1 (Tig)
niyr AEr L (Tigq) — Lig1(0) Loy

(7)
EKFH
ni o AE L) -LO0)  lya(Tige) L (Tita) (8)
nivz  AEi2  lipa(Tige) — 1iv2(0) 1:(0) Ly (0)
HRAVBTE AT R, DA 11(0) = L(T). RAE— ket thed 2 nd 1 5E3R 1, (0)
HELUE T, BOAHLE fhEsMER] ¢ = 0 REBAYEMIEN. (AT DISCSC i EM

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

1 B OBE oy BAMBKEE R 13

BATSE f& T 120s FFEG10RE, AT L(0) X L(0) ~ —7T1.8 £ 16.6. TRHIE
(7) XA AE2/AE; = 1.6 £0.3, MMM T 0N na/ns = 1.46 £ 0.01. ¥ H MRS R
WHRREEIN. MEINK AE)/AE; = ny/ng = 0.72£0.01, ] 1, (0) = ~95.7+9.2, %t {4
A (8) X, BAXEE 1,(0) HkAiR2E, BF) AE/AE; = 1.240.02 ~ ny /ng = 1.140.01
XM T A BEENE T FATTX i 5 38 A0 A0 8 5 o e 1) 43T 2 & TR 1.

4 S

ASCHM TTS MAHAR, HH T GRBISOLL3 )T Bkt (75 i 06 F5 1% B 3% T B 18]
MR, RIEHMEMARRK, HREMERLCES M TR e RGO Bl R i
B CTERT M. X5 Rees!™ SEHTHIE TR 5100 BT R BB SNSRIV RR SRR
HIfE].  GRB960113 (¥R H — PR, MEFHEEMNEA Eshaeb O BEE) Wt
B, WAL, R, SMNBBGTARFREEIF RIS B, BAREEER
RIR BT Z.

RV MR, —MRF BRI A & M8 2 ) B R R — R ik 1S
O WCRFSUR BRI A, WIREEAT AR R ALY, SRS A R R TR
ARITEREZ EREHURE A4 R, GX W& Rkl B RS [B1RE R ANV B A7 70 A AR AL, A
BT EG) 88 A FRb) i B S IR K HE 78 TaX Fbd .

REil FRAEBEMERRE G TRATF S AR ED, EHEREHE
2 £ x M

[1] Meszaros P, Rees M J. Relativistic fireballs and their impact on external matter-models for cosmological
gamma-ray burst. Ap. J., 1993, 405.:278—284

(2] Sari R, Piran T, Narayan R. Spectra and light curves of gamma-ray burst afterglows. Ap. J., 1998,
497:L110—L112

(3] Meszaros P, Rees M J, Wijers R A. Viewing angle and environment effects in gamma-ray burst: sources
of afterglow diversity. Ap. J., 1998, 499:301—311

(4] Rees M J. Refreshed shocks and afterglow longevity in gamma-ray burst. Ap. J., 1998, 496:L1—L5

[5] Rees M J, Meszaros P. Unsteady outflow models for cosmological gamma-ray burst. Ap. J., 1994,
430:L93—L96

(6] Piran T. Gamma-ray burst and the fireball model. Phys. Rep., 1999, 314:575—632

(7] Fenimore E E, Ramirez R E, Wu B. GRB990123: Evidence that the gamma-rays come from a central
engine. Ap. J., 1999, 518:L73—L76

{8] Link B, Epstein R I, Priedhorsky W C. Prevalent properties of gamma-ray burst variability. Ap. J,,
1993, 408:1.81—L.84

[9] Norris I P, Marani G F, Bonnel J T. Connection between energy-depent lags and peak luminosity in
gamma-ray burst. Ap. J., 2000, 534:248—257

[10] Norris J P, Scargle J D, Bonnell J T. Gamma-ray astrophysics. In: AIP Conference Proceedings,
Melville: American Institute of Physics, 2001, 587:176—181

[11] Wu B, Fenimore E E. Spectral lags of gamma-ray burst from Ginga and BATSE. Ap. J, 2000,
535:01.29—L32

(12] Kobayyashi S, Piran T, Sari R. Can Internal shocks produce the variability in gamma-ray burst. Ap.
J., 1997, 490:92--99

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

14 =z B OB ¥ ¥ ik 4%

[13] Rees M J, Meszaros P. Relativistic fireballs-energy conversion and time scales. MNRAS, 1992, 268:41—
43

THE VELOCITY VARIATION OF INTERNAL
SHOCK IN GRB

CHEN Li* WU Mei? QU Jinlu?> YANG Zhiliang?
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2(Institute of High Energy Physics, The Chinese Academy of Sciences)

Abstract

With the BATSE TTS model data, the work analyzed the sub-pulse width
and the time lag between high and low energy band of GRB960113, which is in
simple shape and good SNR. The result shows that the lags and widths increase
and broaden monotonously with time.

In the general views, the internal shock is produced by collision of shells with
random Lorentz factors. Here, a special picture is considered, i.e., an extremely
relativistic shell from the center catches up and collides with the outer slow shells
successively, it produces the Gamma-ray emission, then the fast shell slow down.
After collision, the Lorentz factor of the slow shell is basically in direct proportion
to that of the quick one. Therefore, the variation of Gamma ray emission can reflect

the change of the velocity of the fast shell. From the relation LE. %3 (where «;

is the Lorentz factor of pulse i, At; is the time lag of pulse i oﬁservedjin the rest
frame), the decrease of v necessarily induces the increase of At. The variances in
GRB960113 is consistent with such case. If the Gamma rays are produced with an
internal shock, the result shows that there is velocity variation of internal shock.

The work also calculates the time lag of every sub-pulse of 88 GRBs in TTS
data. Majority is high-energy photons leading; the distribution has a peak around
—251ms.

This paper has advanced a new idea in using the BATSE TTS data to produce
light curves with 8 ms time resolution. This is as opposed to the usual 64 ms resolu-
tion used by all previous studies. This is an improvement that will substantially help
with measuring the lags for the highest luminosity bursts which have lags shorter
than 64 ms.

Key words Gamma ray burst, Time lag, Shock wave
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