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Measuring Cosmic Ray Electrons

arxiv.org/abs/0811.3894v1

How to measure CR electron flux
only?

→ Difficult!

(Main) Reasons:
• Photonic and huge hadronic
background

Solution:
• Photons: Hard Cuts, Pointing
• Hadrons: Random Forest

ζ→ CORSIKA, SIBYLL

Questions:

• Secondary electron fraction?

• What can we learn from this measurement?
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How to find out. . .

Kelner, Aharonian, Bugayov (2006)

I Simulation of p–p interaction with SIBYLL & QGSJET

I Fit of analytical function Fπ (xE ,Ep) to simulated π– and
η–spectra

I Error < 10% for 0.1 TeV < Ep < 105 TeV

I Numerical calculation of secondary spectra (γ, ν, e±, . . . )
I Advantage of analytical approximation:

I Less CPU time
I Better understanding of secondary characteristics

I Recently: p-γ interaction (Kelner, Aharonian (2008))

Input: Proton spectrum, cross section, . . .
Output: Secondary spectrum
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Cosmic Ray Electron Source Spectrum I

Input (following KAB2006):

Hadron Spectrum for E < 4.4 · 1015 eV (Antoni et al. 2004):

J(~r�, γh) = N0(~r�) H(γh) with [J] = cm−3 eV−1

where H(γh) = γ−2.78
h

N0(~r�) =
4π

c

(
3.44 · 1016

cm−2 s−1 sr−1 eV−1

)(
mpc2

eV

)−2.78

• Energies beyond the knee: H(γh) ∝ γ−3.14
h (Watson 1991)

Hadron–Hadron Cross Section:

σπhh(γh) =
(
34.3 + 1.88L + 0.25L2

)[
1−

(
Eth

Eh

)4
]2

mb

with L = ln(Eh/TeV) ; Eth = 1.22 GeV
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Cosmic Ray Electron Source Spectrum II

Interstellar gas density:

n(~r) = (1 + x) nH (~r) with x = ne/nH

Transfer Function For Secondary Electrons:

Fe(xE ,Eh) = Be

(
1 + ke (ln xE )2

)3

xE

(
1 + 0.3x−βe

E

) (− ln xE )5

mit Be , βe , ke = f (ln (Eh/1TeV))

xE = Ee/Eh

Eh = const.
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Energy Losses

Very–high energy cosmic ray electrons:

⇒ Tenergy loss = γ/ |γ̇| << Tconfinement (for E ? 1− 10 GeV)

⇒ Galaxy =̂ thick target (Völk 1989)

Energy losses (taken from Pohl (1993)):

|γ̇| = a0[1 + a1γ + a2γ
2] where [γ̇] = s−1

with a0 = 36.2 c σT nH τ

a1 = 1.4 · 10−3 η τ−1

a2 = 7.2 · 10−8 ε τ−1
(
Umag/eV cm−3

) (
nH/cm−3

)−1

and ε = 3/4 + Urad/Umag

τ = 1 + 1.54 ne/nH

η = 1 + 0.95 ne/nH
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⇒ |γ̇| = 7.22 · 10−13 nH(~r)
[
1 + 1.54 x

+1.4 · 10−3(1 + 0.95 x) γ + 7.2 · 10−8 W (~r)

nH(~r)
γ2

]
with W = 0.75 Umag + Urad
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Cosmic Ray Electron Spectrum

Only depends on ratio
W /nH .

Here:
W/nH = 2 . . . 6 eV

Good fit:

4.5 eV<
W

nH
< 6.0 eV

with B = 4µG
nH = 0.3 cm−3

Using W = 0.75 Umag + Urad we obtain:

⇒ 1.05 eV cm−3 ≤ Urad ≤ 1.5 eV cm−3
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Conclusions

I Cosmic ray electrons below 50 GeV might be secondaries.

I Above this energy, the secondary fraction of the cosmic ray
electrons is decreasing.

I The energy density in local galactic photon fields is
restricted to the range

1.05 eVcm−3 ≤ Urad ≤ 1.5 eVcm−3.

I The observed excess of electrons above 50 GeV suggests
the presence of a local source of primary cosmic ray
electrons.
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Thanks for your attention!
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Pamela vs. Moskalenko & Strong
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Pamela vs. Other Data

RUB, TPIV Jens Ruppel Secondary Electrons


	Motivation…
	What we did…
	Results…
	Conclusions…
	

