GRB afterglows with
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GRB afterglow evolution

Dynamics: E,n = I(t),R(f)
Magnetic field B(t): assume B*/87 = egum= epdlZnm,c?
Electrons: N,(y.)dy. = Ky, dy,

’ : Ne(ye)dy. = 4I'n

Vm
’ : VemoeC*N,o(Ve)dye = 664F2nmpc2
Ym
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Standard afterglow evolution
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If p < 2 then y,, cannot be ignored

p>2 l<p<?2
i 11/(p-1)
_ (P 2\ My | (2P 2
7/m = €p o 7/m = |€e o Vu
p — 1 me i p Bl 1 me
Panaitescu 2000:
Vu & [ DB 2001
Hard spectrum in GRB000301c
Kee oc I _ -1/2
PYm YVu =7)Vc & I Dai & Cheng 2001
Allow €, to determine ., the upper
cutoff Application to GRB 010222
Sagar et al 2001, Cowsik et al 2001, Dai & Cheng 2001

[equivalent to g = 1]
Stanek et al 2001, Jha et al 2001



log N(y)

Injection Break

plays the role of vy

Panaitescu 2000
Panaitescu & Kumar 2001
Resmi & DB 2008



GRB 010222

Magnitude
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GRB 041006

0 I I I I 12 I I I I I I I I I
16 -
18 k .
Rband
= 20 F -
Z
=22+ i
o10)
<
= 24 F i
Vband+5
26 -
28 -
30 | | | | | | | | |
-1 0.8 0.6 0.4 -0.2 0 0.2 0.4 0.6 0.8 1
log((t — to)/day)
Misra et al 2004
Resmi & DB 2008
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—0.01
22) 2.04_ 176 ~ 2.1 >2.2

q 1.3 £ 0.06 1.3 £0.05 0.95-1.14



GRB Density (cm™3) p € €B Compilation of
observationally derived

970228 2.443 ] )
970508 0.752 220238  019h23 (16851236 microphysical parameters
971214 228 of GRBs
980329 2.69%8 0.12° 0.17°
980519 0.14% 2.87%8 0.112 0.000 035*
980703 2.64%8 0.27° 0.0018?
990123 0.0019* 2.135%8 0.13 0.000 74°
990510 0.29* 1.945%8 0.025 0.0052°

2 2 2 2
gm0 | Wi Gaama (9
000301C 074 1.432 0.0622 0.0722 g; ganfltfsiuéc@lg;)mar (2002)
000418 272 2.042 0.0762 0.00662 Dt
000926 204 258238 012523 0.043523 ij gﬁzvjth;r ‘(g;OL(;S()zOM)
gi(ﬁﬁ 172 1-6295552’ ‘W 043 0-0(())05(5)672 6: van der Horst, Wijers & Rol (2005)
011211 35 5 45 0.00255 0.015 7T Gou,. Fox & Mészaros (2007)
050801 5 649 8: Starling et al. (2008)
050802 5 629 9: Curran et al. (2009)
050904 ' 0.03097 10: Cenko et al. (2011)
051109A 2.08°
060124 2.02°
060729 2.22°
061121 1.88°
090323 0.0719 0.008910
090328 2.2610 0.1110 0.001910
090902B 0.000 5619 2.2110 0.1310 0.3310
090926 A 2.1310 0.3310 0.08110

Macpherson & Coward 2015




GRB121024A
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Shallow SED slope

GRB 060908: ﬁopt = 0.33 Covino et al 2010

GRB 091127: fopt = 0.25,x = 0.75

p - 15,q - 064 Zhang et al 2015
GRB 140515a:

T =T, + 0.68 daysg
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Summary

 Electron energy spectrum in GRB afterglows typically
have p ~ 2.2 — 2.5, but in a minority of cases p < 2 have
been inferred

* In case of hard energy spectrum the evolution of the
upper cutoff energy affects the light curve

» Originally motivated to obtain consistency between
spectral and temporal slopes of a few GRBs, the models
required strong synchrotron cooling.

« More recently, cases of SED with flat spectrum below
cooling frequency have been found

- What caused the diversity in energy distribution is unclear,
shock acceleration theory tends to predict universal slope

« Even in shell SNRs a distribution of p is observed, with
some fraction below 2



