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• So we turn on a magnetic field.

• This is not new:

neutrino-electron scattering, neutrino-nucleus scattering,

electron-positron pair annihilation, Urca processes (pe→ nνe,
n→ peν̄e), neutrino absorption by nucleons, etc.
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What would you need?

1. A neutrino source

NuMI-MINOS

• Protons leave main injector

• Hit a target and produce mesons

• π+ decay into µ and νµ

• Eνµ ≃ 0 − 25 GeV

http://www.hendrix.edu/physics
http://www-numi.fnal.gov/
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What would you need?

1. A neutrino source

2. Strong source of field

TW Lasers

• 20 TW Laser

• 35 fs, 0.7 J/pulse

• 10 Hz
• E ≈ 1011 V/cm

• B ≈ 109 G

http://www.hendrix.edu/physics
http://www.ph.utexas.edu/~utlasers/
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1. A neutrino source

2. Strong source of field
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1. A neutrino source

2. Strong source of field

3. A dedicated student!

One event every 1022 years!

http://www.hendrix.edu/physics
http://www.arxiv.org/abs/hep-ph/0412014
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• A precise mechanism is unknown.

• Neutrinos are overwhelmingly favored for energy transfer
• Very large magnetic fields B ≈ 1012–1014 G.

http://www.hendrix.edu/physics
http://apod.nasa.gov/apod/ap991122.html
http://www.nersc.gov/news/annual_reports/annrep01/sh_HENP_04.html
http://www.astronomy.pomona.edu/archeo/outside/chaco/nebula.html
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• Pair production as a mechanism for observed x-ray production
• B . 1015 G.

http://www.hendrix.edu/physics
http://www.freerepublic.com/focus/f-news/1346532/posts
http://solomon.as.utexas.edu/~duncan/magnetar.html
http://www.arxiv.org/abs/hep-ph/9710219
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• Sums over Landau levels are constrained by energy
conservation.

• As initial energy is increased the number of states contributing

increases very rapidly.

http://www.hendrix.edu/physics


THE RATE OF PAIR PRODUCTION

Introduction

Terrestrial Detection?

Stellar Laboratories

The Calculation

• DIRAC SOLUTION

• AMPLITUDE

• PRODUCTION RATE

Results

Acknowledgements

THEORETICAL PHYSICISTS @ PUI: 18 JULY 2007

Γ =
∞

∑

ne,nē=0
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• Spin sums produce a result dependent on 16 different
combinations of the Landau levels

• Integration over products of Hermite functions produces

combinations of associated Laguerre polynomials that depend on

the Landau levels

http://www.hendrix.edu/physics
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Eνe
(MeV)

Γ
0
,
2
0

(Γ
2
0
,
0
)

(c
m

−
1
)

104103102101100

10−8

10−10

10−12

10−14

10−16

10−18

10−20

10−22

10−24

10−26

http://www.hendrix.edu/physics


νe Γ10,10

Introduction

Terrestrial Detection?

Stellar Laboratories

The Calculation

Results
• ANGLULAR

DEPENDANCE

• νe Γ0,0

• νe Γ0,1

• νe Γ0,20

• νe Γ10,10

• νe ≈

• νµ Γ0,0

• νµ Γ0,1

• νµ Γ0,20

• νµ Γ10,10

• νµ ≈

Acknowledgements

THEORETICAL PHYSICISTS @ PUI: 18 JULY 2007

B/Bc = 1000

B/Bc = 100

B/Bc = 10

B/Bc = 1

B/Bc = 0.1

νe → νeeē
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