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Strong fields

Motivation



What are the invariants?
Motion perpendicular to an electric field:



Beamstrahlung heavy ions
SLC:
χ (or ϒ) ≈ 10-3

NLC (ILC, CLIC):
χ (or ϒ) ≈ 1

Electric field
from one bunch
boosted by 2γ2

as seen by the
other

Superstrong field, 
but of short
duration

E1s/E0 = α3Z3

Extended nucleus:
Z ≈ 172 

StrongStrong laserslasers

Laser wavelength (and 
γ energy) limited
by non-linear Compton 
scattering
χ (or ϒ) ≈ 1

γγ-collision scheme
(Telnov et al.)



Similar situations ?

ILC / CLIC

Bunch-size: 300×0.6×0.006 μm3, 2·1010 particles

Density: 0.005 Å-3, 0.6 Å-3 (at IP)

Si
crystal

Density: 0.05 Å-3, of Z = 14

Blankenbecler, Drell (PRD 36, 277 (1987), Quantum treatment of beamstrahlung:
”Pulse transforms into a very long narrow ’string’ of N charges.”



Magnetars
• Magnetars, B ≈ 1010 T, 

relativistic gyration:

ħω/mc2 = √B/B0

• Electrosphere of strange
stars – possible
signatures from 
suppressed radiation?



The strong magnetic field of the Earth
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Strong fields in 
crystals



Strong
crystalline

fields



Crystals

Extremely strong
electric fields

1010-1011 V/cm

50 V / 0.1 Å
=

5·1010 V/cm

Channeling transverse potential
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Ec=mc2/eλC=1.3*1016 V/cm

 Ge <110> at 100 K
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’Super-critical’ fields

Relativistic invariant:



Formation length

High particle energy, low photon energy:

Long formation length

250 GeV e-, 1 GeV γ: 0.1 mm



NA63 experiment



Crystal on goniometer



Total length of setup: 65 m => good angular resolution (few μrad)



Strong crystalline fields

• Critical fields can 
be simulated in a 
crystal.

• Example: 
Radiation 
emission in 
diamond
(CERN NA43)



One of the complications -
Setting up within a few days: Electronics, hardware, crystal target….



Strong crystalline fields

• Critical fields can 
be simulated in a 
crystal.

• Example: Pair
production in Ge
(CERN NA43)

Baier: W and Ir



Quantum 
synchrotron

χ << 1
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Classical synchrotron radiation

Incident energy,
Ee=10 GeV

 Standard magnet, B = 1 T, 1m
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Classical synchrotron-radiation
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Schwinger, Proc. Nat. Acad. Sci. 1954; Berestetskii, Lifshitz, Pitaevskii



Quantum-synchrotron

Classical = linear

(CERN NA43)





Spin-flip



Spin-flip



Spin-flip

’Polarization time’



Similar situations

ILC / CLIC

Bunch-size: 300×0.6×0.006 μm3, 2·1010 particles

Density: 0.005 Å-3, 0.6 Å-3 (at IP)

Si
crystal

Density: 0.05 Å-3, of Z = 14

Blankenbecler, Drell (PRD 36, 277 (1987), Quantum treatment of beamstrahlung:
”Pulse transforms into a very long narrow ’string’ of N charges.”



Spin contr. to beamstrahlung
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Fractional photon energy, ξ=hν/Ee

Blankenbecler and Drell, ”Quantum treatment of
beamstrahlung”, PRD 36, 277 (1987)

Radiation from crystal

C ≈ 1/χ

Spin-flip contribution:
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Spin contr. to beamstrahlung



Trident production

’Coherent pairs’

’Landau-Lifshitz process’

http://upload.wikimedia.org/wikipedia/commons/7/7d/Poseidon_sculpture_Copenhagen_2005.jpg


Electroproduction of 
electron-positron 
pair in a medium

Authors: V. N. Baier, 
V. M. Katkov
arXiv:0805.0456v1
[hep-ph] 

Amorphous case

Sequential

Direct

Direct 
process 
dominates 
below 30 
GeV

http://arxiv.org/find/hep-ph/1/au:+Baier_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Katkov_V/0/1/0/all/0/1
http://arxiv.org/abs/0805.0456v1


Non-aligned crystal
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170 μm Ge <110>
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Small multi-
hit capability

Geometric 
acceptance



Aligned crystal
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More about these and related effects in:

•H.D. Hansen, U.I. Uggerhøj, C. Biino, S. Ballestrero, A. Mangiarotti, P. Sona, T. Ketel and Z.Z. Vilakazi: Is 
the electron radiation length constant at high energies?, Phys. Rev. Lett. vol. 91, 014801 (2003)
•H.D. Hansen, U.I. Uggerhøj, C. Biino, S. Ballestrero, A. Mangiarotti, P. Sona, T. Ketel and Z.Z. Vilakazi: 
The LPM effect for multi-hundred GeV electrons, Phys. Rev. D vol. 69, 032001 (2004)
•U.I. Uggerhøj, H. Knudsen, S. Ballestrero, A. Mangiarotti, P. Sona, T.J. Ketel, A. Dizdar, S. Kartal and C. 
Pagliarone: Formation length effects in very thin targets, Phys. Rev. D vol. 72, 112001 (2005)
•H.D. Thomsen, K. Kirsebom, H. Knudsen, E. Uggerhøj, U.I. Uggerhøj, P. Sona, A. Mangiarotti, T.J. Ketel, 
A. Dizdar, M. Dalton, S. Ballestrero and S. Connell: On the macroscopic formation length for GeV photons, 
subm. to Phys. Lett. B (2008)
•T. Virkus, U.I. Uggerhøj, H. Knudsen, S. Ballestrero, A. Mangiarotti, P. Sona, T.J. Ketel, A. Dizdar, S. 
Kartal and C. Pagliarone (CERN NA63): Direct measurement of the Chudakov effect, Phys. Rev. Lett. vol. 
100, 164802 (2008)
•J. Esberg, K. Kirsebom, H. Knudsen, H.D. Thomsen, E. Uggerhøj, U.I. Uggerhøj, P. Sona, A. Mangiarotti,, 
T.J. Ketel, A. Dizdar, M. Dalton, S. Ballestrero, S. Connell (CERN NA63): Addressing the Klein paradox by 
trident production in strong crystalline fields, in preparation (2008)

Thank you for your attention!

http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=PRLTAO000091000001014801000001&idtype=cvips&prog=normal
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=PRLTAO000091000001014801000001&idtype=cvips&prog=normal
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=PRLTAO000091000001014801000001&idtype=cvips&prog=normal
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=PRVDAQ000072000011112001000001&idtype=cvips
http://www.phys.au.dk/~ulrik/no_link_yet.htm
http://link.aps.org/abstract/PRL/v100/e164802
http://www.phys.au.dk/~ulrik/no_link_yet.htm
http://www.phys.au.dk/~ulrik/no_link_yet.htm
http://www.phys.au.dk/~ulrik/no_link_yet.htm
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