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GAMMA-RAY BURSTS ARE
COSMOLOGICAL OBJECTS

® Redshifts exist for well-located
GRBs only:

* Require X-ray, optical
Afterglow observation

* Spectroscopy of the host
galaxy & /or intervening
material

e Almost certainly selected by
brightness

* Current sample (Aug. 2015):
®~407; 175 for z > 2
e Includes both short and long

e Photometric redshift limits not
included
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CHARACTERISTIC ENERGY
OF GRB SPECTRA

Epeax: only spectral
shape parameter
that characterizes
relative motion:

e Cosmological

redshift
~1/(1+2)

e Jet Bulk
Lorentz factor
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THE Ercax DISTRIBUTION IS
PEAKED

Goldstein et al. 2013 (BATSE: 1297)
& Gruber et al. 2014 (GBM: 680)

1.5
e Time-integrated spectra, but i
Peak Flux just as well > :
e High significance 210}
Effect of detector bandwidth: %
2
o
e Width is somewhat greater for - 05
GBM, with much larger
bandpass !
0.0-
: ; 100 1000
e Still peaked — no ‘hidden’ E o (KEV)

higher energy peak



Ercaxk DISTRIBUTION
CHANGES WITH BRIGHTNESS

1421 Spectral fits with ‘good” E

peak”

binned by Peak Flux into 5 intensity groups

e Mean of each distribution shows trend (plot shows error on the mean)

eShown to be an intrinsic effect; not a selection effect of dimming

e Verifies previous result (Mallozzi '95) with better statistics:
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SHIFTS ARE CONSISTENT
WITH COSMOLOGY

eRanges of z derived from the
shifting of the E__,
distributions as a function of
peak flux:

*The brightest 20% of bursts
have assumed min. redshift
Zy99 , chosen for bursts with a
flux of 100 photons cm s .

*The curves are conventional
cosmological models:

*A=0(gq,=1) - dashed
*A>0(g,=-1) - dotted

*Models were computed for
three values of z,,,: 0.08
(lowest), 0.10, 0.12

e z0) /(1 + Z100)
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GRB
LUMINOSITY RELATIONS

Certain observed properties correlate with the rest-frame
energy /luminosity

Ly

— E[O(l P Z)A]n power law
Lo

Amati Relation (Amati et al. 2002): Peak Epeak VEod

Ghirlanda Relation (Ghirlanda et al. 2004): Fluence E ., vs. S, ;F;,

pea eam

* Yonetoku Relation (Yonetoku et al. 2004): Peak Eoiy vs.ik

peak,iso

Variability-Luminosity Relation (Fenimore & Ramirez-Ruiz 2000;
Reichart et al. 2001); etc.



""""" T T 9 0
' GgB130427A '

1
o1
O

WHICH Ereak?
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*E ..k can vary widely w/in a burst

e All of the Luminosity Relations can’t be
correct, can they?
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*Some depend on E ., from time- 1001
averaged spectra, others the peak '
spectra
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e How independent are these? g '

e They are clearly correlated!

1000

*1188 GRBs from the BATSE Spectroscopy
Catalog (Goldstein, 2013)

Peak Flux Epeak

eBEST fits were either COMP or 100 |
BAND A ]

o2 s Peak Flux value ~ 1.4 times
10
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larger (on average) 10 100 7000 10000
Fluence Epeak  proace et al. (sub.)
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WHY ARE EreakS
CORRELATED?
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*We have investigated an impulsively-
energized GRB pulse model
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e Simulated pulses with Norris model
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e Power-law Hard-to-Soft Spectral 0 20 40 60
2 Seconds since Burst Trigger
evolution
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eBright pulses are well sampled in time i :

30F i

* No matter how high the initial E
may be: internal distribution peaks at
mean value
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ESTIMATING THE REDSHIFT
AND DISTANCE OF GRBS

e Have a calibration sample of GRBs w/ known z < 1.5

e Use the sample to calibrate the luminosity relations
(Schaefer 2003; Firmani et al. 2006)

e Use multiple luminosity relations to estimate the
redshift and distance of GRBs without known
redshift (Schaefer and Collazzi 2007)

e The uncertainties arising from marginalizing over
Cosmological models must be propagated and will
be proportional to the contribution of uncertainty
from all luminosity relations combined

Goldstein (in prep.)



TYPE IA SUPERNOVAE

Estimates on the evolution of dark energy out to z ~ 1.5
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ESTIMATING GRB REDSHIFT
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CONCLUSIONS

GRBs are Cosmological objects w/ high redshifts

There is an intrinsic correlation between the observed Epea and
intensity with hints of Cosmology

There is an observed correlation between Peak and Fluence
spectra derived E,cax

Various GRB Luminosity Relations purport to determine
redshifts from observables

* Some may be dominated by selection effects

e Determination of Cosmological parameters directly using
these is circular

e Must be calibrated using GRBs w/ known redshifts

Construction of non-circular GRB Hubble Diagram is on-going



2-2000 keV Fluence (erg cm™)

AMATI ET AL. (2002)

RELATION
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e BATSE (all bursts -
dots) and Friedman &
Bloom (2005;
diamonds - known

redshifts)

e Invert relation to find
redshift (assumes the
Cosmology is known!)

e Suffers from possible
selection effects

All bursts should lie above
the solid line!



GHIRLANDA RELATION

Time-integrated Epeak

.

Collimation-corrected Energy
4 F. v d% f B k

B jg =1 cosd

1+ 2



JET BREAK - JET ANGLE
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E,. (keV)

GHIRLANDA RELATION

Consequence of viewing
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