ynchnr

Nrotron or Not
otron
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GRB 130427A

Context:

Fluence: (2.4+0.1)x103 erg cm-=2
Duration: ~35 s

Most fluent GRB ever detected

100

Flux [pht s7* cm™2]

(S
o

GLAST Burst Monitor - Trigger 388741620 - 2013, Apr 27, 07:47:06.42 UT
GLC_Tool Version 1.7: GLAST_2013117_074709_VC09_GTRIG.0.00

Detectors 10 & 11 7 keV = 1 MeV

Time [s]

. GBM detectors
First Pulse:; ~2.5 s saturated

Brighter than most GRBs!

many synchrotron

WOow




J. Michael Burgess : Fifth Fermi Symposium : Nagoya Japan 2014

Time-Resolved Spectral
Analysis

Synchrotron
Band

R

: HH‘H{??‘

Peak flux * *i%%
interval

h

Energy (keV)

Two-component spectrum: Classic hard-to-soft evolution of Ep.
Synchrotron +

Synchrotron Ep follows a broken
Band function is able to fit the power law in time.

spectrum, but does not call for a
significant blackbody.

3 Preece & Burgess et al (2014)
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Time-Resolved Spectral
Siow Analysis

cooling!

Synchrotron

Peak flux
interval

Energy (keV)

Two-c¢rmponent spectrum: Classic hard-to-soft evolution of Ep.
Synchrotron +

Synchrotron Ep follows a broken
Band function is able to fit the power law in time.

spectrum, but does not call for a
significant blackbody.

3 Preece & Burgess et al (2014)
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Slow cooling
synchrotron??
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Slow cooling

Ymin < Ycool

— “Veool
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Slow cooling Marginally fast cooling

Ymin < Ycool Ymin = “Ycool

see Beniamini & Piran (2013)

,_;% i /_;% ] Ycool 3. Vmin
= 1 “min : Yeool : o :
| : : S ]
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Slow cooling Marginally fast cooling @ Fast cooling

Ymin < Ycool Ymin = “Ycool cool K Ymin

see Beniamini & Piran (2013)

= . : 4 Ycool & :Ymin 4 ‘Yeool L e |
c 3 o : B : B : 4
- Ymin : Ycool : ~— : — : -
- | : : F 5 = 5 :
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Slow cooling Marginally fast cooling @ Fast cooling

Ymin < Ycool Ymin = “Ycool cool K Ymin

see Beniamini & Piran (2013)

“Ymin

EEEEEEEEEEEEEEEEE
EEEEEEEEEEE

o
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Slow cooling Marginally fast cog 3st cooling

slow/marginally
/Ymin < ’YCOOI ’len =~ ’YCOO fast COOIing! H1 < ’len

see Beniamini & Piran (2013

o 2 /V - -
& E &
S Ymin S
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Time-Resolved Spectral

Analysis

GRB Reak -l @ Beala | bl brka s bl brlals S8 indegs 8 hllisimd=or b aindog ) - iindis,
081224 A 1.40 0.59 1.59 Dbyl =09l -1.38 -0.21 -1.05
090719A 5.04 5.04 474 7.36 -0.07 -2.02 0.41 -2.87
110920A 11.65 5.9 Io:ha 45.30 -0.14 -1.13 -0.01 -1.35
110721A 0.28 2.03 0.54 1.85 0.07 -1.43 -0.26 -1.19
130427A 0.45 0il5 0.36 0.22 -0.67 -1.15 -0.49 -1.18




J. Michael Burgess : Fifth Fermi Symposium : Nagoya Japan 2014

Time-Resolved Spectral
Analysis

Blackbody KT and synchrotron Ep
are correlated. Consistent with a
larger sample of GRBs (see talk
by Peter Veres)

""""""" - " T a=1.0210.05

baryonic jet

102
kT [keV]

Burgess et al. 2014b i . Gnpos0T1oA

GRB 100707A

e GRB110721A

® GRB 110920A

_ots of common behavior f G nuna
In resolved, single pulses! T [keV)
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| -Ep Correlation

1.0
Time [s]
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| -Ep Correlation

Rise phase

r—
'm
o
1
()

et
)

L~
()]
o

.E
£
=

-]

10°
Rest Frame E , ; [keV]
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| -Ep Correlation

125, e B,
L X F232/7/r21r111r1

BR? x constant = B o« R~?

GRB 081110A
GRB 081224A e 1
GRB 090719A Ymin X

GRB 090809B

GRB 100707A g
GRB 110407A Ep X FR

® GRB110721A
® GRB 110920A L ® ¢ FQR_G

3D
Lsynch X Ep/

Burgess et al 2014a
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Outflow Parameters

101
Time [sec]

Lol
101
Time [sec]

Using the blackbody kT and
flux, outflow parameters are
calculated.

IIIIII 1 IIIII
101 100

Time [sec]

via Pe’er et al (2007)

A decreasing bulk | orentz
factor with time!




Pulse Width Evolution

# @ Nal; ® LLE [10-100 MeV]
@ @ BGO,; ® LLE[10-100 MeV]
QO Nals W(E)

00 BGO, W(E)

QO LLE W(E)

Teer: W(E) [S]

°
©

102 10°
E [keV]

w
o
o
Photon energy (MeV)

Pulse width anc
consistent with

£
a
L
9]
a
n
-
C
=]
o
v
©
g 0.6
N
©
S
—
o
C
7]
o

o
>

lag analysis
oredictions of

Daigne & Mach

1L ¢
l i Ilihll—.ljl.lll-l{ g

. iInternal shocks.

Time since trigger'(s)

Cross correlation of LAT LLE and
GBM detectors

10

kovitch (1998)

Indicative of synchrotron from



Pulse Width Evolution

Cross correlation of LAT LLE and
GBM detectors

10

& & Nal; ® LLE [10-100 MeV]
@ @ BGO, @ LLE[10-100 MeV]
QOO Nal; W(E)

00 BGO; W(E)

OO LLE W(E)

lag analysis
oredictions of
kovitch (1998)




J. Michael Burgess : Fifth Fermi Symposium : Nagoya Japan 2014

uzzles...

Jet collides with
ambient medivm
|external shock wave)

\Wﬂiqh-energy

gamma rays

Colliging shells emit
low-anergy gammao roys
{interncl shock wave)

N\~

Slower X-roys
Foster

shell

-

‘ Visible lignt

——
Radio

Black hole
engine

ASN

Afterglow
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Puzzles. ..

Black hole
engine

Afterglow

11
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Puzzles...

Summary:

e [wo-component spectrum:
» Consistent with synchrotron+bla0kbody
3 Best Solutlon? e oy




However:
e [hese simp

for some pu

can test sub-p
(see poster of
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Puzzles...

e synchrotron models seem to work

Ises (

Burgess et al. 2014), now we

notospheric dissipation models
BlOret9. 0




