
blazar	


近傍ガンマ線バーストの観測戦略と狙う物理	


GRB	


Fermi	


5@5	
 In fernem Land	

unnahbar euren Schritten	

glänzt einer Ausbruch	

den GRB XXXX genannt…	


- after T. Yorke	


z~30-6	


井上進（MPIK -> MPP/ICRR）	


HESS II	
 ASTRO-H	


“in an interstella burst i am back to reveal the universe”	


1. brief overview of GRB science with CTA	

2. probing the EBL at very high-z with GRBs	

(3. detection rate estimates)	

4. requests/questions for CTA-LST	


spectra	

light curves	

detection rates	

more questions	


協力：井上芳幸 (SLAC)�ほかCTA�Japanの皆様	




ガンマ線バースト (GRB)	


ultrarelativistic outflow	

+ external medium ->	

decelerating shock ->	

e acceleration	

+synchrotron emission	


t-dependent	

spectra	


R~Γ2ctvar~1012-1016 cm	

B~106-103 G	

Γrel~1	


R~Rdec~1016 cm	

B~10 G	

Γrel~1	


R~Rdec-RNR~1016-1018 cm	

B~10-0.01 G? >>BISM	

Γrel>>1	


prompt X-γ emission	

inner jet	


optical flash, radio flare	

external reverse shock	


radio-IR-opt-X-GeV afterglow	

external forward shock	


adapted from Meszaros 01	


ultrarelativistic outflow+shocks	


long GRBs:	

•  associated with massive stars	

•  extremely luminous, broadband	

•  no (little) z-evolution in luminosity	


but transient	


short GRB (T~<2s) 	


宇宙最大・最強・最速の爆発	


long GRBs:	

associated with massive star formation	

extremely luminous	

broadband (<GHz-GeV<)	


But transient!	


long GRB (T>~2s): 	

大質量星崩壊時に超相対論的速度ジェット発生	

ジェット内部から即時放射＋外部衝撃波から多波長残光放射	


internal shocks	


What? �

How? �

宇宙最遠方級の天体	


宇宙で最も謎めいた天体の一つ	


中心駆動天体？�ジェット形成機構？�粒子加速・放射機構？	

short GRB�(T~<2s) の起源？�宇宙論的進化？	

Fermi LATで多数のGRBから >GeV放射検出	

即時放射＋残光成分、明確なcutoffなし -> Γmin >~1000	


が光子統計不足で多くの点が未解明	



CTA sensitivity:� for variable/transient sources �

有効面積 ~104 x LAT@30GeV�����短時間積分では圧倒的感度	

高速指向性能�~180deg/20sec (LST; 20 GeV-1TeV)	

-> 高速変動天体・突発天体に対して強力	


Funk & Hinton, arXiv:1205.0832	


big advantange for transients/variables:	

effec. area ~104 x LAT@30GeV �



GRB light curve: Fermi vs CTA	

Abdo+ 09�LAT	


>100	

MeV �

GRB 080916C	

CTA	

>30GeV, 0.1 sec bin �

>1GeV �

S. Inoue+ 2013	

Astropart. Phys.	

43, 252	

inc.	

Yamamoto	

Y. Inoue	

Yamazaki	

(for CTA)	




CTAによるGRB観測で目指すサイエンス	


- 放射体運動速度の確実な測定（内部γγ吸収カットオフ）	

-  即時放射機構、残光の物理の解明	

�（多波長スペクトル・時間変動）	


GRBの起源�

-  最高エネルギー宇宙線・高エネルギーν生成の兆候	

�（陽子・原子核シンクトロトロン、カスケード成分…）	


TA/Auger/JEM-EUSO, IceCube/KM3NeTとのシナジー�
-  遠方宇宙背景放射の精査（γγ吸収カットオフ）	

-  銀河間弱磁場の精査（pair echo=二次ガンマ線）	


-  Lorentz不変性破れ、新粒子への制限…	


-> 後述�

宇宙線の起源�
Fermiとの同時観測�

観測的宇宙論�

基礎物理学	
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GRB spectra with CTA: GRB 080916C at z=4.3	

Mazin+ 2013	

Astropart.	

Phys. 43, 241	

inc.	

Y. Inoue	

S. Inoue 	

(for CTA)	


effective probe of extragalactic background light at high-z:	

unique info on cosmic star/galaxy/QSO formation �

GRBスペクトル -> high-z EBLの進化 -> 宇宙星形成史・QSO活動史	


S. Inoue,	

J. Granot,	

P. O’Brien+ 	

inc.	

Y. Inoue 	

(for CTA)	

to appear in	

Astropart.	

Phys.	




physics with nearby (z<<1) GRBs	

limited EBL absorption -> intrinsic spectral features	

prompt emission	 bulk Lorentz factor, jet physical conditions, 
emission mechanism, hadronic processes…	
Ž. Bošnjak et al.: Prompt HE emission from GRBs in the internal shock model 691

Bulk Lorentz factor Contrast

Injected kinetic power Variability timescale

Fraction of energy injected in the magn. field Fraction of accelerated electrons

Fig. 8. The effect of internal shock parameters on the emitted spectrum (“synchrotron case”). We use the simple two shell version of the internal
shock model (see text) and define a “reference case” by Γ̄ = 300, κ = 4, Ė = 1052 erg s−1, τ = 1 s, εe = εB = 1/3, ζ = 10−2 and p = 2.5. Each panel
shows the evolution of the observed spectrum (assuming z = 1) when one parameter is varied, while all other parameters are maintained constant.
Two effects can limit the parameter range: electrons become radiatively inefficient (“efficiency limit”) or the medium becomes optically thick due
to the intense production of pairs (“transparency limit”). For each limiting case corresponding to the transparency limit (panels a), b), c), d)), the
spectrum that would be observed without γγ annihilation is plotted with a dashed line. a) Effect of Γ̄. The transparency limit is reached for Γ̄ < 109
and the efficiency limit for Γ̄ > 1400; b) effect of κ. The efficiency limit is reached for κ < 1.5 and the transparency limit for κ > 12.5; c) effect
of Ė. The transparency limit is reached for Ė > 2 × 1054 erg s−1; d) effect of τ. The transparency limit is reached for τ < 0.008 s; e) effect of εB.
The transparency limit is never reached. The spectrum that would be observed without γγ annihilation is plotted with a dashed line for εB = 10−5

and εB = 1/3; f) effect of ζ. The transparency limit is never reached. The spectrum that would be observed without γγ annihilation is plotted with
a dashed line for ζ = 10−2.
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shock model (see text) and define a “reference case” by Γ̄ = 300, κ = 4, Ė = 1052 erg s−1, τ = 1 s, εe = εB = 1/3, ζ = 10−2 and p = 2.5. Each panel
shows the evolution of the observed spectrum (assuming z = 1) when one parameter is varied, while all other parameters are maintained constant.
Two effects can limit the parameter range: electrons become radiatively inefficient (“efficiency limit”) or the medium becomes optically thick due
to the intense production of pairs (“transparency limit”). For each limiting case corresponding to the transparency limit (panels a), b), c), d)), the
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and εB = 1/3; f) effect of ζ. The transparency limit is never reached. The spectrum that would be observed without γγ annihilation is plotted with
a dashed line for ζ = 10−2.

Bosnjak+ 09	



physics with nearby (z<<1) GRBs	

afterglow	 particle acceleration in relativistic shocks	


shock physical conditions (hadronic processes?)	

Wang+ 10	

No. 2, 2010 KN EFFECTS ON THE HIGH-ENERGY AFTERGLOW EMISSION OF GRBs 1237

Figure 3. Calculated spectral energy distribution of the afterglow emission in
the slow-cooling case at times t = 1 s and t = 10 s after the burst with the KN
effect taken into account. The solid and dashed lines represent the synchrotron
component and SSC component, respectively.

4. KN EFFECT ON THE HIGH-ENERGY SYNCHROTRON
AFTERGLOW LUMINOSITY

The above analyses give the dependence of the Compton
parameters Y (γ∗), Y (γc) (in the slow-cooling case) and Y (γm)
(in the fast-cooling case) on parameters such as εe, εB , E,
and n. Since εB and n are the least known among these
parameters for GRB afterglows, we explore the value of Y (γ∗)
and Y (γc) (or Y (γm)) as a function of these two parameters. In
Figures 1 and 2, we show the result for two different times,
i.e., at t = 1 s and t = 10 s, respectively. We find Y (γ∗) is
smaller than a few at t = 1 s for the parameters εB in the
range from 10−6 to 10−1 and n in the range from 10−3 cm−3

to 10 cm−3. At t = 10 s, Y (γ∗) is also smaller than a few
in a wide range of parameter space (it is larger than a few
only when n is as high as 10 cm−3 and εB is close to 10−6).
On the other hand, Y (γc) or Y (γm) can be more than 1 order
of magnitude higher in the same parameter space. This implies
that SSC loss of high-energy electrons that produce high-energy
(!100 MeV) afterglow photons is typically small. As a result,
the synchrotron luminosity at high energies is correspondingly
high, which enables the detection of early high-energy afterglow
emission by Fermi–LAT.

In order to see whether the SSC emission contributes to the
high-energy afterglow emission at Fermi–LAT energy band, we
calculate the spectral energy distribution of the afterglow emis-
sion numerically at early times. Assuming adiabatic evolution
of the blast wave and using the electron distribution given in

l
l

l

Figure 4. Calculated spectral energy distribution of the afterglow emission in
the fast-cooling case at times t = 10 s and t = 100 s after the burst with the KN
effect taken into account. The solid and dashed lines represent the synchrotron
component and SSC component, respectively.

Section 2, we calculate the synchrotron radiation spectrum as
well as the SSC spectrum with a full KN cross section taken
into account (see Equations (2) and (11) of He et al. (2009) for
the description of the dynamic and the full KN cross section).
Figure 3 shows the νFν spectra of the afterglow synchrotron
emission and the SSC emission for the slow-cooling case at
times t = 1 s and t = 10 s when the KN effect is taken into ac-
count. In the Fermi–LAT energy band, the synchrotron compo-
nent is dominated at both times. The SSC component becomes
dominated only at energies above the maximum synchrotron
photon energy of shock-accelerated electrons, at which the flux
usually becomes, however, too low to be detectable by Fermi–
LAT. The spectral energy distribution of the afterglow emission
for the fast-cooling case at times t = 10 s and t = 100 s is
shown in Figure 4. Similarly, SSC contribution to the high-
energy emission at energies below 100 GeV is negligible at
these times. Figure 4 (see the bottom panel) also shows that
the spectrum becomes harder at energies above 107 eV. This is
caused by the decreased IC loss suppression on the synchrotron
flux at high energies due to the KN effect.

The Compton parameters also vary with time. In the above
analytic calculation in Section 3, we have shown that Y (γ∗)
increases with time as t1/2 in the slow-cooling case as long as
νKN(γ∗) < νm. When νKN(γ∗) > νm, Y (γ∗) starts to decrease
with time. We calculate Y (γc) numerically using Equation (11)
and show the evolution of Y (γc) and Y (γ∗) with time in the
top panel of Figure 5. If Y (γ∗) ! 1 as well, as in the case
of some parameter spaces shown in Figures 1 and 2, the

GeV-TeV:	

transition region	

between sync., SSC	




GRBだより	


080916C, 090510, 090902B, 090926A	

…	

130427A: >200 ph, Emax=94 GeV, z=0.3399	

130502B: >100 ph, Emax=30 GeV, z=?	

130504C: >70 ph, Emax=5 GeV, z=?	

130606B: >few 100 ph, Emax=?, z=?	

130702A: > 5 ph, Emax=1.5 GeV, z=0.145	


“big four”	

130427A	

130603B z=0.3564 (short, “kilonova”)	

130702A	

130831A z=0.4791	


Fermi LAT	


nearby (z<0.5) GRBs	




ゴールは…	


「ゴールはケチャップの	

ようなもの。出る時は	

ドバドバ出る」	


“Goals are like ketchup.	

When they come, they come 
pouring out in bunches.”	




ゴールは…	


「GeV GRBはケチャップ	

のようなもの。出る時は	

ドバドバ出る」	


“GeV GRBs are like ketchup. 
When they come, they come 
pouring out in bunches.”	




ゴールは…	


「近傍GRBはケチャップ	

のようなもの。出る時は	

ドバドバ出る」	


“Nearby GRBs are like ketchup. 
When they come, they come 
pouring out in bunches.”	




GRB 130427A	
 “Shockingly bright” burst 	

z=0.34, Eiso~8x1053 erg, T90~138 sec	



GRB 130427A: Fermi LAT	


Tam+ 13 (arXiv:1305.3217)	
- photon index ~-2.0, hard excess at highest E	

- decay index ~-1.0, no evidence of break?	
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GRB 130427A: broadband afterglow spectra	

Perley+ arXiv:1307.4401	

- evidence of reverse shock in optical -> radio bands	

- LAT flux consistent with extrapolation of synchrotron emission	
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GRB 130427A: broadband afterglow light curves	


Perley+ arXiv:1307.4401	

- evidence of reverse shock in optical -> radio bands	

- no evidence of jet break until at least 50 days	



GRB 130427A	

Au calme clair de lune triste et beau…   - P. Verlaine	

悲しく美しいあの月の光の静寂に…	


One more moondance with you in the moonlight	

on a MAGIC night…    - V. Morrison	
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GRB spectra with CTA: GRB 130427A (z=0.34)	


~81000-110000 photons, significance ~280-340 sigma	

array B+3700m -> ~134000-155500 photons	


t=100s: dN/dE=0.9x10-7 (E/TeV)-2.0 ph/cm2/s/TeV	

texp=50s	

array E	

alt. 2000m	

no cutoff	

EBL models	
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GRB spectra with CTA: GRB 130427A (z=0.34)	


~43000-110000 photons, significance ~210-330 sigma	


t=100s: dN/dE=0.9x10-7 (E/TeV)-2.0 ph/cm2/s/TeV	

texp=50s	

array E	

alt. 2000m	


breaks at 0.1,0.3,1 TeV 	
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GRB spectra with CTA: GRB 130427A (z=0.34)	


~2000-8400 photons, significance ~30-80 sigma	

array B+3700m -> ~8500-10000 photons	


t=1 day: dN/dE=0.9x10-10 (E/TeV)-2.0 ph/cm2/s/TeV	

texp=3 hr	

array E	

alt. 2000m	


cutoffs at 0.1,0.3,1 TeV 	
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GRB spectra with CTA: GRB 130427A (z=0.34)	


~1000-4400 photons, significance ~10-37 sigma	

array B+3700m -> ~1100-5400 photons	

detectable by current IACTs, under new Moon??	


t=10 day: dN/dE=0.9x10-11 (E/TeV)-2.0 ph/cm2/s/TeV	

texp=15 hr	

array E	

alt. 2000m	


cutoffs at 0.1,0.3,1 TeV 	




GRB 130427A: Fermi LAT	


light curve >100 MeV	

Fermi collaboration	

Liu+ 13	

evidence of break at t~500 sec?	

-> factor~3 less flux at t~10 day 	

SSC likely at <10 GeV	

-> shallower decay	
event rate: ~1/30 yr??	




最後に一言	

SN 1987Aからのニュートリノ検出�
1986年、研究会にて�
T先生：「超新星は100年に一度しか起きませんよ。	

ははは…」�

一年後の研究会にて：	

鈴木洋一郎氏：「あれ、T先生何ておっしゃいましたっけ？」�

佐々木則夫監督：	

「成功の反対は失敗ではなくやらないこと。」�

なでしこジャパンのWC優勝�



http://www-conf.kek.jp/link13/	
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まとめ	

-  CTAは現行チェレンコフ望遠鏡より格段に高感度・低閾値	

��GRBなど遷移天体について数10 GeV以上ではFermiより遥かに強力	
-  近傍 (z<1) GRBの観測はGRBの物理解明に有効	

  spectral break/cutoffを通じてbulk Γ、放射・粒子加速機構など	
-  GRB 130427Aほどのイベントは月にもめげずに辛抱強く	

��観測するべき？	


-  準備しすぎることはない。悲観的にならずにとにかくやろう！	



