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The simplest picture of long gamma-ray bursts

Progenitor
(massive star)

Internal
shocks

Gamma-ray

burst Afterglow

Meszaros 200/
> Energy release form central engine
> Radiation from relativistic jet Lorents factor ~ 100

> interaction between shell and interstellar medium



Time scale of GRBs
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;o Two population
400 sec Long: core collapse

Complex time profile Short: merger?




Energy and distance of GRBs
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Spectra - Luminosity correlation
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GRBs are “standardizable candles”




Luminosity of objects in the sky

® Sun 1033 erg/s

Type la Supernovae 10* erg/s

. Gamma ray bursts 1053 erg/s
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Distance measurement with GRBs
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Kodama, RT + 2008




Major origin of error

The upper dashed
line is 4 times
brighter than the
lower one.
This means that we
have two times
uncertainty in
distance
measurement with
Ep-Lp relation.

LOGI(L,/10° erg s7')

LOG(E, /1 keV)
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What means “Four times”

PERIOD - LUMINOSITY RELATIONSHIP

AR Lyrae X 4( I O-)

3 5 10
Period (Days)

The difference between
two P-L relations for
Cepheid is comparable
with dispersion of the

Ep-

_p relation for long
GRB:s.



Result of the classification
of Cepheid variable
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Clues for the existence of
sub-classes of long GRBs I

N
o

Some long GRB are
associated with Type Ic SN,
but some does not.
These events may result in
sub structure in the Ep-Lp
relation.
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Clues for the existence of
sub-classes for long GRBs 11

The most difficult
problem which GRB
study is facing.
This suggests that
there are some

populations of long
GRB.

Diversity of X-ray AG light
curve (t~100-10° sec)



Table of Contents

® Brief introduction of gamma-ray bursts

® previous works and problems for distance
measurements with gamma-ray bursts



Toward accurate candles

® The use of accurate data.
® Redefinition of Lp in GRB rest frame time.

® The use of robust statistics and outlier
rejection

® The second parameter : T =Eiso/Lp

Yonetoku, RT, + PASJ, 2010
RT, + PAS), 201 |



Two separate populations

of long GRBs RT. PAS] in press
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Prompt-afterglow | o 1o breaks
connection e\
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A new scaling law of
Type II long GRBs
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Division into sub classes
reveals a beautiful scaling
law of Type Il long GRBs.
This relation implies a
universal mechanism
which governing both of
prompt and afterglow
emissions.



Two separate populations

of long GRBs RT. PAS] in press
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Hubble diagram for
Type I long GRBs

(Qm1 QA) = (O; 1)
0.,GRBs = 0.31
0,,,SNela = 0.20

redshift



Constraint from Type I
long GRBs
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Future mission

HiZ-GUNDAM (! igh-7z Gamma-ray bursts for Unraveling the Dark A ges Mission)

(-ray Imager (4-100keV)
Gamma-ray spectrometer
(50-1000keV)
Opt-NearlR Telescope

(0.3-1.7um)

80 events/year (40 events for cosmology?)



Hubble diagram for Type I
long GRBs

Oaom™0.01 for 100
Type | long GRBs.




GUNDAM @ ODAIBA

Hi-Z GUNDAM
N Project has nothing
AN to do with a famous

japanese animation
GUMDAM

If you go to Odedo-onsen by subway and monorail,
you can find big gundam from monorail.



Summary

® We have found sub classes of long GRBs.

® Division into two classes drastically improve
accuracy of distance measurement.









Two distinct spectral model

BAND model
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Epear (CPL model)

CPL Ep is alway higher than Band Ep



How to define Lp

| sec in observer frame
— 2.7 sec in GRB rest fram

7

Ch

1 SO .“.u ."~x|
[1me Resolution in GRB Frame [msec

T = 2.7 sec is the best resolution for Lp
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