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宇宙線中の一次電子と超新星加速

 西村  純
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Some Historical Aspect

~1930

●Positron Anderson (1932)

●E-W Asymmetry ( Plus Charge) Alvarez (1933)

●Increase of Cosmic-ray Flux around 15km Pfotzer (1936)

●Cascdae Theory

 Bhabha-Heitler (1937)  &  Carlson -Oppenheimer(1937)

●Positrons as Primary Cosmc ray s Euler-Heisenberg (1938)  

~1940

●Protons as Primary Cosmic rays     Schein Jose Wollan (1941)
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Astrophysical Aspect

●Galactic Radio Wave Jansky (1931)

●Super Novae Origin Zwiky  (1934)

Ginzburg (1953)

Hayakawa(1956)

●Electron Synchrotron Alfven( 1950)

Ginzburg (1951)

●Polarization of Optical light from Crab Shchlovsky(1953)
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  Interactions During the Propagation inside the Galaxy

●     Feenberg & Primakov (1949)

●   Hoyle, Hayakawa(1952)・・・・・・

 CR + Intersteller matter

ð π±=>μ±＋ν= e±+ν＋ν
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Problems related Primary Electrons

1960 ●   e/P ~1%

●   e +/e- ~10%

~1965 ●

●

1980 以降

●

●
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Difficulties of the Observations of Primary Electrons

●  Low Flux  =>    Large SΩ

  ~1/ 100m2sr.sec E>100GeV

~2/m2.sr.day E>1TeV

● Identification of Electrons  => Rejection Power to proton 10-4 ~10-5

10-100GeV e/P <1%

1TeV e/P <0.1%

● Precise Energy Determination => Massive Detectors
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Earl (1960)



Muller & Meyer (1973)



Prince (1976)



ECC (1968-)



1980 年代の電子スペクトル



最近の観測器

● ECC (MSC) Emulsion

● BETS Imaging Calorimeter

● HEAT Magnet Spectrometer

● Caplice Magnet Spectrometer

● AMS 0-1 (Shuttle) Magnet Spectrometer

● ATIC Deep Calorimeter

● Calet (ISS) Deep Calorimeter

● AMS  (ISS) Magnet Spectrometer





PPB-BETS： Torii,S.: PSB1-0046



Automatic Tracing Tracks in 
each layer of ECC

2cmx3cmx5Xo depth
~40hr Exposure at Balloon Altitude



Detected showers in MSC energy 
beyond 10GeV Aoki.S et al :  PSB1-0051



●  Recently Observed Electron Spectrum

D.Casadei and V. Bindi:  Astro-ph/ 0302307



 
Boezio et al. 2000

 

ECC

Golden et al. 1994

Golden et al. 1984
Tang 1984

Webber et al. (Radio) 1980

Torii et al. 2001

Barwick et al. 1998
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● 宇宙線超新星起源説

1. エネルギーからの考察   (Ginzburg ,1953)

Volume of Galaxy:V=1067cc CR Energy Density :ρ~1eV/cc Total Energy =ρV~1055erg

Rate of Loss =ρV/T=1048erg/yr

for SN rate of 100yr,       Each SN Out put =(ρV/T)(SNrate)~1050erg  

2. スペクトルの形   ( Axford 1977)

● Shock Acceleration;    r =Compression ratio

E -(r+2)/(r-1)dE~E-2dE    fro Strong Shock  r=4

3. Evidence

● Radio and Optical wave from SNR,

● SN1006: X, & Gamma rays



●エネルギー損失

● Synchrotron Process; Energy loss / sec

H~5μGauss

● Inverse Compton: Energy loss / sec

ρ： energy density of Photons( 3k, IR optical ・・・ ) ~1eV/cc

  ● Life: ε＝ρ＋ H2/８π　～１ eV/cc   

T=3x108yr /(εE) (eV/cc.GeV)
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● Propagation

f
t

− ∇(D∇) f − bE2

E
= Q r, z( )

D: Do(E/Eo)

b: Energy loss Parameter

Q: Qo exp(-z/zo),

ho: Halo Thickness

zo: Disc thickness

● 

   R~(2DT)1/2



D=Do(E/Eo)δ

● E=1-100GeV

Do~2x1028cm2/sec      (B/C, HEAO— C・・・ )

δ～ 0 E<5GeV

δ～ 0.6 E>5GeV

● E>100GeV  ( Anisotropy, B/C Runjob)

δ～ 0.3 E~1TeV

D=(1-5)x10 29(E/TeV)0.3 cm2/sec

T=3x108yr /(εE) (eV/cc.GeV)



● TeV 領域の電子

E>1TeV,

Life T<3x105yrs 

Travel Distance R<(2DT)1/2 ~ 0.5-0.7kpc

高エネルギー電子には最近の Nearby Source しか寄与しない



Nearby SNRs

List of nearby SNRs.
SNR R(kpc) Age(yr)
SN185 0.95 1.8 × 10

3

S147 0.80 4.6 × 10
3

HB 21 0.80 1.9 × 10
4

G65.3+5.7 0.80 2.0 × 10
4

Cygnus Loop 0.44 2.0 × 10
4

Vela 0.30 1.1 × 10
4

Monogem 0.30 8.6 × 10
4

Loop1 0.17 2.0 × 10
5

Geminga 0.4 3.4 × 10
5
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Source Spectrum   E-γExp[-E/Emax]

B⊥=5Gauss: T=1/(bE)=2.308x105 (TeV/E)yr

●Do=1029(E/TeV)δcm2/s

E=1TeV, Emax =10TeV, 20TeV

T=1/(bE)=2.308x105

  Rkpc

●E=1TeV, Contour Lines are 1.0,10,102,103 from the top

E2=10TeV

E2=20TeV

E2=∞:No cut



高エネルギー電子スペクトル
　西村 純

● Observations => Low Flux => Large SΩT     >100GeV ~ １TeV

● Effect of Near by Sources   ( Synchrotron, Inverse Compton, )

★ Propagation => Limit by Distance and Life

★Acceleration: Electron Acceleration and Leakage

★Anisotropy :  ΔI/I ~ Ri/Ti  ~ a few 10%

●Dark matter:   Dark matter Annihilation

★line spectrum => dE/E2 => hump

jun
テキストボックス
T.Kobayashi et al. ApJ. ６０１, pp３４０－３５１, ２００４



源から発生するスペクトル

●源の中：           　  E-γExp[-E/Eo]　　　 ○

●源からリークアウト

　　　　　　　　　　　　　　　★時間的推移　　　  ？

　　　　　　　　　　　　　　　　★スペクトルの形　　  ？

●その後の伝播　 　　　　　　　　　　　　　　　 △

●発生モデル　 ？ 　　　　　　　　

　　　　　　　　 　 ★爆発時 Single Shot 　　　　
　　　　　　　　　　 ★連続リーク

　　　　　　　　　　　　　★最終崩壊  (～105yr)

                     



一次電子の遍歴

         　 　　　 　　

                         
           Sedov  Phase                 

     Propagation    Radiative Phase     Adiavatic Phase　 Free Expansion

Solar Systems

 >103-104yr                    103 -105 yr                 102-103 yr 　　　　

(R≧100pc)

R=(2DT) 1/2. D～1029cm2/s

T～Ｒ2/((2D)

No. of Nearby Source <100pc =(100pc/15kpc) 2 (!05yr/30yr)=0.15



2. Assumptions for Calculations

1, Total Output

2. DiffusionCoefficients　

3.  b=1/2.3x105 yr.TeV 　 ～５μ

4. Source Spectrum
γ

5 Delay of Release after explosion τ , also continuous release

τ＝



1. Nearby Sources used for Calculations

SNR R(kpc) ±ΔR To Emax (TeV)

0.3kpc ±0.05 1.1x104yr 21TeV

0.44 ±0.05 2.0x104yr 2.6

0.3 ±0.05 8.6x104yr 2.6

0.17 ±0.05 1.7x105yr 1.15



Dorfi 2000 ASS.272:p227



Sturner eta al ApJ. 1997. 490.p619   e & P in SNR  with Evolution time



Reynolds & Keohane : 1999, ApJ.525,p368  Young, SNR in Galaxy  
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●Do=1029(E/TeV)δcm2/s

E=3TeV, Emax =10TeV, 20TeV

1/bE=Ｔ＝ 0.811x105 yr  
 

Rkpc

●E=3TeV, Contour Lines are 1.0,10,102,103 from the top

E2=10TeV

E2=20TeV

E2=∞:No cut



Cosmic-ray Electron Spectra with D values

D0 = 1×10
29(cm2s−1)
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D0 = 2×10
29(cm2s−1)
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D0 = 4×10
29(cm2s−1)
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* A power-law source spectrum without cut-off

* Prompt release after the explosion

The absolute flux and spectral shape change with D.

The maximum energy of each SNR is same, independent of D. ICRC2003 – p.9



Electron Spectra with Cut-off Energies

Ec = ∞
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Ec = 20TeV
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Ec = 10TeV

101

102

103

104

100 101 102 103 104 105

Electron Energy (GeV)

E
3 J 

(e
le

ct
ro

ns
 m

−2
 s

−1
 s

r−1
 G

eV
2 )

Ec=10TeV, τ=0yr
D0=2×1029(cm2s−1)

Distant component excluding
T≤1×105yr and r≤1kpc

Monogem

Vela

Cygnus
Loop

Rockstroh et al. (Radio) 1978
Golden et al. 1984
Tang 1984
Golden et al. 1994
Kobayashi et al. 1999
Boezio et al. 2000
DuVernois et al. 2001
Torii et al. 2001
Aguilar et al. 2002

* Prompt release after the explosion

* D0 = 2×10
29(cm2s−1)

The spectra are similar with each other, independent of the cut-off
energies.

ICRC2003 – p.10



Electron Spectra with Burst-like Release Times

τ = 5×10
3yr
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τ = 1×10
4yr
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τ = 5×10
4yr
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τ = 1×10
5yr
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The delay of the release time from SNRs have a large impact on the flux
in the TeV region for τ > 1×10

4yr.
ICRC2003 – p.11



Electron Spectra with Continuous Release
Times

τ = 0 − 1×10
4yr
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τ = 0 − 1×10
5yr
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* Ec = 20TeV

* D0 = 2×10
29(cm2s−1)

The spectra are well represented by that of the burst-like release with a
mean value of the continuous release time.

ICRC2003 – p.12



Summary
● 

☆No significant Difference in case between τ=0 and 5x103yr

Prompt release approximation is good whenτ< 5x103yr

☆Continuous release from SNR is well approximated by taking

appropriate values of τ .

3. 

☆Large depression of flux beyond 10TeV if Ec >20TeV, but

  ☆No significant depression around a few TeV



★ Main Contributors

τ＝ 0~ 5x103yr:  Vela, Cygnus Loop

τ= ~ 104yr:  Cygnus Loop

τ= (2-5) 104yr: Monogem

τ= ~ 105yr: No clear candidates
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Barinmg. 1999: ApJ 513,p311



T=104yr,    Do=1029cm2/s  Do=2x1029cm2/s Do=4x1029cm2/s
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