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★ Long Gamma Ray Burst (GRB) ★

• 宇宙で最も激しい爆発現象 

• 大質量星の死と関係 --- Wolf - Rayet 星 ？
  
• 相対論的ジェットが関係 --- Γ > 300 

• 赤方偏移 ~ 9 まで発見された

GRB : 遠方宇宙の探査手段になりうる

遠方宇宙では初代星 (種族 III 星)とGRB が関係しうる
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• ジェット先端：1 方向にまっすぐ進む
• コクーン        ：あちこちに膨張

Theme 
1) 種族 III 星由来のGRB は可能か.

★ GRB → ジェットは星の外に飛び出る

       種族 III 星の外層からジェットが
　 うまく飛び出せるかを調べた。

★                をもつ種族 III 星に注目
           (最近の種族 III 星形成理論,                            )

53

第5章 様々な金属量をもつ大質量星
が起こすGRB現象

第 4章でみたように、GRBの親星の候補としてWR星が広く認識されていた
が、文献 [43]により PopIII星もGRBの親星の候補となることが議論された。一
方で第 2章でみたように、以前PopIII星は 100M!を超える大質量星であると考え
られていたが、文献 [17]ではPopIII星の典型的な質量が∼ 40M!になると議論し
ている。
以上の事柄に動機づけられて、本章では様々な質量をもつ PopIII星に対して

GRBの発現可能性を議論する。また金属量により星の構造は異なるので、発生す
るGRBの特徴にも違いが出ると考えられる。そこで様々な金属量をもつ星に対し
てGRBの発現可能性を調べた。

5.1 重力崩壊直前の星のモデル
本節では用いた星のモデルを述べる。文献 [46] では主系列星から重力崩壊が始
まる直前までの星の進化を計算している。そこで文献 [46]で計算された、重力崩
壊直前の星の内部構造のデータを重力崩壊前の星のモデルとして用いた。使用し
た星のモデルを表 5.1にまとめる。文献 [46] の星の進化計算では星の回転は考慮
に入れていないが、輻射起源の質量放出は考慮に入れている。

表 5.1: 使用した星のモデル。Z!で 29 ∼ 32M!のモデルが抜けているが、これは
データに異常な振る舞いがあったため用いなかった [46]。

種族・金属度 Z 主系列星時の質量 MZAMS[M!]

PopI・Z! 11 ∼ 28, 33 ∼ 40, 75

10−4Z! 11 ∼ 60, 75

PopIII・0 11 ∼ 40

初めに、用いる星のモデルについて星の半径が質量や金属量にどのように依存
するかを見る。図.5.1に主系列星時の質量MZAMSと半径Rの関係を示した。この
図より以下のことが分かる。

Hosokawa + 2011

結果

種族 III 星は GRB の親星と
なる可能性をもつ



2) 種族 III 星由来のGRB の観測可能性
     ---  明るいから遠方宇宙でも頑張れば見えるかも
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Fig. 2.— The comparison of the model energy flux fsig(t0) for a Pop III GRB with the
detection thresholds of Lobster, fsen(∆t) within 0.3-5 keV. The abscissa is the time from

the beginning of a GRB, i.e. from the jet break out time, in the observer frame. t0 is the
time when the event comes into the Lobster field of view and Lobster starts to observe the

event. ∆t is the proposed exposure time of Lobster. The green, sky-blue and the blue solid
lines correspond to fsig (0.3-5 keV) for the GRB from a 40M! Pop III star at z = 9, 14 and
19, respectively. The red and the magenta dashed lines represent fsen(∆t) (0.3-5 keV) of

Lobster at 5σ level (Gehrels et al. 2012). The magenta line corresponds to the realistic case
of ∆t ∼ 450 sec, while the red line corresponds to the optimistic case of ∆t ∼ 2500 sec. If

fsig(t0) ! fsen(∆t) holds, we regard that Lobster observes the Pop III GRB from t0 to t0+∆t.
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Fig. 3.— The comparison of the model energy flux fsig(t0) for a Pop III GRB with the

detection threshold of EXIST, fsen(∆t) within 5-600 keV. The abscissa is the time from
the beginning of a GRB, i.e. from the jet break out time, in the observer frame. t0 is the
time when the event comes into the EXIST field of view and EXIST starts to observe the

event. ∆t is the proposed exposure time of EXIST. The green, sky-blue and the blue solid
lines correspond to fsig (5-600 keV) for the GRB from a 40M! Pop III star at z = 9, 14

and 19, respectively. The red dashed line represents the EXIST sensitivity fsen ∼ 2.4 ×

10−10erg/cm2/sec (5-600 keV, 5σ) in the longest exposure time-scale at the on-board process

(∆t ∼ 512 sec) (Hong et al. 2009). If fsig(t0) ! fsen(∆t) holds, we regard that EXIST
observes the Pop III GRB from t0 to t0 +∆t.
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90M! can be progenitors of GRBs. For this purpose, we consider the jet propagation in

the stellar envelope and analytically calculate the evolution of the jet-cocoon structure. In
BSG envelopes, the jet head velocity is larger than the cocoon velocity all the way except
for the very early time and we can expect a successful jet breakout. On the other hand,

in RSG envelopes, the cocoon edge reaches the stellar surface as early as or even earlier
than the jet head and in this case, we expect that the jet stalls on the way. We find that

those Pop III stars who end as BSGs (30 − 44, 60 and 70M!) can raise GRBs, while those
end as RSGs (45, 50, 55, 65, 75, 80, 85 and 90M!) cannot raise GRBs. It is generally thought

that Wolf-Rayet stars (radii ∼ 1010 cm) without hydrogen or helium envelopes are the most
favorable progenitors of GRBs. From the above discussions, however, we find that BSGs
(radii ∼ 1012 cm) are compact enough for the successful jet breakout and that RSGs have

enough largely extended envelopes for jets to be stalled on the way.

Using our model, we evaluate observational characters of Pop III GRBs. We predict
that although Pop III GRBs radiate as much energy as the most energetic local long GRBs
and have the much longer duration, Pop III GRBs are slightly less luminous than local long

GRBs. Moreover, assuming that the Ep − Lp (or Ep − Eγ,iso) correlation holds for Pop III
GRBs, we predict that Pop III GRBs have the much softer (or mildly softer) spectra than

local long GRBs in the observer frame. We also discuss the detectability of Pop III GRBs by
future satellite missions such as Lobster and EXIST in detail. If the Ep − Eγ,iso correlation

holds for Pop III GRBs, we find that we can detect Pop III GRBs at redshifts z ! 9 by
EXIST. We observe such ”not so distant” (z ∼ 9) Pop III GRBs as long duration X-ray
rich GRBs with almost constant luminosity by EXIST. On the other hand, if the Ep − Lp

correlation holds, we find that we can detect Pop III GRBs at very high redshifts up to
z ∼ 19 by Lobster. We observe such GRBs from low mass Pop III stars as long duration

X-ray flashes with almost constant luminosity by Lobster.

We briefly comment the expected observable GRB rate per year by Lobster using the

results of de Souza et al. (2011). We calculate the observed GRB rate per year dNobs
GRB/dz

as
dNobs

GRB

dz
=

Ωobs

4π
ηbeam

dNGRB

dz
, (13)

where dNGRB/dz, Ωobs and ηbeam correspond to the intrinsic GRB rate (the number of on-
axis and off-axis GRBs) per year, the detector field of view and the beaming factor of the
burst. In Fig. 6 of de Souza et al. (2011), they calculated dNGRB/dz for an optimistic case

and we use their values. Here, we also adopt the values of ηbeam ∼ 0.01 and Ωobs ∼ 0.5 sr
for Lobster (Gehrels et al. 2012). Optimistically speaking, we predict that Lobster detects

about 40, 4 and 0.4 Pop III GRBs per year at z = 9, 14 and 19, respectively.

Finally, we briefly discuss one of the assumptions in this paper. We assume that all

★                  関係を仮定した場合
Yonetoku et. al. 2004

  ＊ 点線 は 衛星の感度値 (exposure time fix, 5 σ)

★                    関係を仮定した場合
Amati et. al. 2002

– 14 –

90M! can be progenitors of GRBs. For this purpose, we consider the jet propagation in

the stellar envelope and analytically calculate the evolution of the jet-cocoon structure. In
BSG envelopes, the jet head velocity is larger than the cocoon velocity all the way except
for the very early time and we can expect a successful jet breakout. On the other hand,

in RSG envelopes, the cocoon edge reaches the stellar surface as early as or even earlier
than the jet head and in this case, we expect that the jet stalls on the way. We find that

those Pop III stars who end as BSGs (30 − 44, 60 and 70M!) can raise GRBs, while those
end as RSGs (45, 50, 55, 65, 75, 80, 85 and 90M!) cannot raise GRBs. It is generally thought

that Wolf-Rayet stars (radii ∼ 1010 cm) without hydrogen or helium envelopes are the most
favorable progenitors of GRBs. From the above discussions, however, we find that BSGs
(radii ∼ 1012 cm) are compact enough for the successful jet breakout and that RSGs have

enough largely extended envelopes for jets to be stalled on the way.

Using our model, we evaluate observational characters of Pop III GRBs. We predict
that although Pop III GRBs radiate as much energy as the most energetic local long GRBs
and have the much longer duration, Pop III GRBs are slightly less luminous than local long

GRBs. Moreover, assuming that the Ep − Lp (or Ep − Eγ,iso) correlation holds for Pop III
GRBs, we predict that Pop III GRBs have the much softer (or mildly softer) spectra than

local long GRBs in the observer frame. We also discuss the detectability of Pop III GRBs by
future satellite missions such as Lobster and EXIST in detail. If the Ep − Eγ,iso correlation

holds for Pop III GRBs, we find that we can detect Pop III GRBs at redshifts z ! 9 by
EXIST. We observe such ”not so distant” (z ∼ 9) Pop III GRBs as long duration X-ray
rich GRBs with almost constant luminosity by EXIST. On the other hand, if the Ep − Lp

correlation holds, we find that we can detect Pop III GRBs at very high redshifts up to
z ∼ 19 by Lobster. We observe such GRBs from low mass Pop III stars as long duration

X-ray flashes with almost constant luminosity by Lobster.

We briefly comment the expected observable GRB rate per year by Lobster using the

results of de Souza et al. (2011). We calculate the observed GRB rate per year dNobs
GRB/dz

as
dNobs

GRB

dz
=

Ωobs

4π
ηbeam

dNGRB

dz
, (13)

where dNGRB/dz, Ωobs and ηbeam correspond to the intrinsic GRB rate (the number of on-
axis and off-axis GRBs) per year, the detector field of view and the beaming factor of the
burst. In Fig. 6 of de Souza et al. (2011), they calculated dNGRB/dz for an optimistic case

and we use their values. Here, we also adopt the values of ηbeam ∼ 0.01 and Ωobs ∼ 0.5 sr
for Lobster (Gehrels et al. 2012). Optimistically speaking, we predict that Lobster detects

about 40, 4 and 0.4 Pop III GRBs per year at z = 9, 14 and 19, respectively.

Finally, we briefly discuss one of the assumptions in this paper. We assume that all

GRB 開始からの時刻 (観測者系)

将来観測衛星を用いれば、
継続時間の長い、ソフトなスペクトルをもつGRBとして観測できるだろう。

Theme 

結論


