Time variability in GRBs
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What do GRB light curves look like? ¥
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Das Rindfleischetikettierungsiiberwachungsaufgabeniibertragungsgesetz (RfIEttUAUG) war im Jahre 1999
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What do GRB light curves look like?
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GRB profiles: X- to gamma-rays
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Variability: the simplest metrics T/6t
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Different degrees of variability

* 0t ~T (1 single smooth pulse, e.q. FRED)
e 0t < T (multi-peak burst)
* Ot << T (high-frequency variability + long quiescent times)
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Variability: some metrics

Given a time profile uniformly binned: {c .} (i=1,...N)
Determine a smoothed profile {g } (through some

low-pass filter), to be used as a reference one.

C/Rate

Compute the variance of {c.} with respect to {g.}

Remove the statistical noise {v? } due to

i,statnoise

counting statistics

. -9 0 5 10 15 20
Normalise by a factor f,
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Variability vs. Luminosity relation
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Variability vs. Luminosity relation
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Variability vs. Luminosity relation
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Variability vs. Luminosity relation
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Pulse width vs. energy and spectral lag ‘ of Ferrara

I ILE o 100-700 keV
1 _' 200 : 4 : :

100

5 ] -100§

A : 200 40-100 keV

LS I\ ] 100} g 1 :
-2 25-57 keV /A7 . i dy g T : : i

(=)
>
UsTeun\®

= ] & 1 v k| ] Hully E
2 A 0 = 1 o - - . - 1 i sk | e N F
& I f B B : FrH
i AFT VAN ] i B! N ¢
5 AT LY ] : : : : 3
2 i LNy ] 80 o : : 13-28 keV 3
el A i b, "] -
g / R E 40 . i : 3
E . S : : E
g -5 ," “ - e 0 By b TR __i_ b 4 “U iy LT, PR, S e
° - : : .
-8 ! - o 60 : : =
i r ' : : : 7-13 keV E
'rr “ | © o4 3
E V 320-1000 kev 7 20 : ; 3
0 ALl i o ol M 1 L0 14 | .
" A n T " il T i
Y -20 ; : =
pi Y : : 3
2 ¥ . . 40 : : 2-7 keV E
i R : : ]
E o 1 L | L oy ; ] ; F

_;-3 = - e ' L Pl ' . o & m il ' I.III i —_—— _N .”I I| b A | i I
Lag (sec) 20 L R : I H it 1 { ]

-20 0 20 40 60

w ( E ) oC E—O4 Time from GRB onset (s)

Example: GRB 010214 by BeppoSAX
(CG+03)

Nov 18, 2020 VI i omemeon 16 / 42

8 - 1S nov. 2e=e

(Fenimore+95)

- -



\3 University
; of Ferrara

Spectral lag: short vs. long GRBs
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Lag - Lum relation extends to X-ray flares
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Power density in time domain
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Wavelet power spectrum
GRB 980203 (BeppoSAX-GRBM)
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(V. Esposito, master thesis, U. Ferrara)

 Light Curve decomposition based on MODWT (Maximum Overlap Discrete Wavelet
Transform; Percival & Walden, 2006)
Superposition of ~10™" s and ~10 s timescales in some GRBs
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Dominant timescales from Fourier PDS ‘ of Ferrara
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Fourier analysis of individual GRBs a of Ferrara
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PDS PL index correlates with Ep
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Lack of evolution of pulse width ‘ of Ferrara

: ~ GRB990123 ACF of pulses
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Should y-rays be due to blastwave interaction with external medium, pulse width
should increase with time.
> dissipation must take place at the same distance.

(Fenimore+99)
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Minimum variability timescale: Haar wavelets
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Minimum variability timescales (Fermi) -

Brightest and most impulsive GRBs: only ~10% of them have < 4 ms (obs frame)
Median values (observer frame): 134 ms (long) vs. 18 ms (short)
Median values (source frame): 45 ms (long) vs. 10 ms (short)

180 pr—rrmrerre—rmmrre——rmrrrr e —r——r 103 :
=] measured
160 |- =1 upper limit il
] 2 )
140 | |l w» 0
< K 102 K
4] 120 | 1 g::;:‘: i
E (o] (o]
_3 100 1 # #*
) )
- 80 . > >
o S 10' ¢ =
# 60} ] '_:‘: ; ‘_:U
40 - § g ca : : g
| O i B : : | O
20} 1 ) 5 % I I
10 ; |l ' ] .&l:l:kdfmtflﬁwv.“". [ 5
0 “II ST TR T | P sz -”"I[ 'i iIIIII (RN AR - " E —-— —— —rrrrem A—
-3 -2 -1 0 1
10 10 10 10 10
At . (sec) 107 10'2 10'1 10° 10! 1073 1072 s 1 10°
e At?m‘n (SEC) Atm;‘n/(l +Z) (SeC)
(Golkou+15)
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Minimum variability timescales (Fermi)

102 EII”“I i LR | ' UL | ! R 4 |
- - @®- Long GRBs s
10 - ® o 50% 1 - @@ short GRBs - -
: R e mm 10% | 10"} g 009 { TX At
10] H““i’-‘__ _ : ' 1.00
o i Il |
:‘mi . = EK g 100 _ . 0.74
8 10 ] Sy E 2z 0.55
-~ . E - ] g i
“ 3 MI = E 10" 3 § 4 0.40
10 ¢ s - SO 3 f ]
F o 0.:20(89*"]-;[,\,)_0"3“3:[}"06 sec $ S 7 0.30
[ A+10% E 097020 _ ] [
L LAt ~ 001GE) T e 107] ,
10 102 10° B
- Hampered by S/N
Energy band (KeV) : po Y
10'3 el il il gl TR
107 10° 10* 10° 10°
Ty, (sec)
(Golkou+15)
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ConstraintsonI' . andon R _ from At __ ‘ of Ferrara
min min min

2 z{ll_m A+1
dp(z) a1 (BB, \ T
I Fmin — E;_- Er_' F(3 1 1-4
g T ( cAt ) fE)E(D) (1+2) (mfrf‘)

(Abdo+09; Lithwick & Sari01)

Constraint set by the need to suppress pair production up 0 75150
to the hardest photons observed: " Leng S
known—z @ [
Tyy(Emax) < 1 16 | assigned—z O @
2 —4-1
dl(z) —9(A+1)2(F—1 EyE, 15
(o) = o1 ( il ) E(E)(L =) 20 ron ()R,
~ 14
2
3
& 13
) &0
_ 2C I_‘min Atmin = 121
min ~ 147
11 |
41100
150
10 : 0
-20 -15 -1.0 -05 0.0 0.5 1.0 1.5 2.0 2.5
log;o(12) (sec)
A (Golkou+15)

8 - 1S nov. 2e=e




e UNy
Al Ve

& %’g University
P\ s of Ferrara
Progenitors
Physics
Released energy  Peak energy of nuFnu Size of Bulk Inner Jet Dissipation
Radiative Luminosit emlt.tlng Lorentz engine Propa  mechanism(s)
process(es) Y region factor activity  gation
X f
Muto ergo sum o .
: : — Duration Variability Variance Minimum  Stochastic
Deciphering Variability Metrics Decomposition  Variability Process
Timescale
all vs. energy range
6000
Observables jzzz
Energy spectrum oot | Time profiles
0o o M;‘“ i o0 200 300 400
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Average power density spectra
A o ~1.0-12

log P
i a,~15-19 (a,)~5/3
i : a,~2.3-29
fb,l : fb,2 :
1 1 >
(4—6)x10"* Hz 1-2 Hz log (v)
(Dichiara+13; 1 1
Beloborodov98,00; T, = 5 ~ few s T, = 2 af ~0.1-0.2 s
CG+12) 7fy b2
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PDS power-law index vs. Energy
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1.9 |

1.8
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1.6
1.5
1.4
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RS Fermi/GBM —e@— |
- } BeppoSAX/GRBM —#— -
&\“‘-\
- — S— “““-_* i\g -

| L L L 1 L |

 SCIENTIFIC LUQRKEHQP

8 - 1S nov. 2e=e

1000

(Dichiara+13)
36/42



\: University

Inverse problem: what yields a =5/3-27? of Ferrara

Relativistic outflow of a
jet making its way out
through stellar envelope

Many other processes
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A simple (constant) Poisson process

1.2

Memory-less sequence of

Lot At 1 independent shots with
) =) same probability of

° _ occurring per unit time:
| 1 —tlt —\t
P(At)=ge "=he
o2 | (At)=t=1/A
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Time-varying Poisson process: A=A(t) of Ferrara

14 | stat PP == | * At a given time t, events are
| non-stat PP ===+ | generated according to a
12 F ] Poisson process with rate A =
L ERGEEE  CHEEEEE  GEIEEE | M0 andassuchare
'y 10 | { statistically independent
2
= o s 1« The expected rate A is itself a
= 61 1 : 1 function of time, which can
= ; : : _ A (t) K ] vary either randomly or
= 4 LE T ! T : I ] deterministically as time
iRIEEN Sy | s
2 T 17 I= . T
i B R gl L. En § -
10 20 30 40 50 60 70 80 90
Time [s]
| (CG+15)
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GRBs as time-varying Poisson process % offere
Starving 10° g - - , e
) = for S/N : BAT —i—
= rate of pulses 0! BATSE —€
GBM —8—
Probability density distrib: 107
3
fla)=Ar ep(-p1) @
g1 Wiaiting time
(adopted for solar X-ray & 1075 . . .
flares and solar energetic 106 distribution
particle events; Li+14)
107
10° " 0 1 2 T3 g 5
10 10 10 10 10 10 10
Sampl. Si: - 3 PL Ind CL atls]
Waiting time distribution: w : {;} (=3- :} (%)
, BAT 1582 0.941 410 6,53:'}};55 2,065 26.4
—a  BATSE 6560 124 £0.04 1530 176 £ 004 3.0
p ( A l') (2 o OC) /3 BATSEI2 5156  1.19 = 0.05 2,'}2f:}§_"£§ 181 £ 005 7.5 GRB gamma-ray pulses and
(/3 + A ¢ )3—0{ BATSE34 4912  LI8 i)o.eos 1.23f:i-E 1.82 + )0?5 76.6 ear[y X—ray flares together!
GBM 1839 0.647 6.761 11 236101 36.3 .
BATtrunc 1445 o,vat:;;:é 6,99t:;§;* 2,22t.‘:};:§ 5.2 Common dynamics
BAT-X 854 1.34+098 6.33° 134 1.66+507 5.4
BAT-Xz 359 1.45+510 1267872 1.55+011 18.5
(CG+15)
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