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MotivationMotivation
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TheThe criticalcritical ((SchwingerSchwinger) ) fieldfield
• Schwinger, 1949

Quantum corrections to synchrotron radiation emission

Relativistic invariant:
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BeamstrahlungBeamstrahlung heavy ionsheavy ions
SLC:
χ (or ϒ) ≈ 10-3

NLC:
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.)
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MagnetarsMagnetars
• Magnetars, B ≈ 1010 T, 

relativistic gyration:

ħω/mc2 = √B/B0

•• ElectrosphereElectrosphere ofof strangestrange
stars stars –– possiblepossible signaturessignatures
from from suppressedsuppressed
radiation?radiation?
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The strong magnetic field of the EarthThe strong magnetic field of the Earth
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HawkingHawking radiation as a radiation as a strongstrong fieldfield effecteffect

Gravitatonal acceleration at Schwarzschild
radius:

g(RS)=c4/4GM RS=2GM/c2

Set equal to critical field acc.:
g0=eE0/m=c2/λc

Light black holes are hotter:
λc=2RS
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StrongStrong fieldsfields in in 
crystalscrystals
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StrongStrong crystallinecrystalline fieldsfields
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CrystalsCrystals

Extremely strong
electric fields

1010-1011 V/cm

50 V / 0.1 Å
=

5·1010 V/cm
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KleinKlein’’ss paradoxparadox
•• O. Klein O. Klein 

(24.12.1929):(24.12.1929):
•• ProbabilityProbability for for 

reflectionreflection ofof an an 
electronelectron::

•• ExceedsExceeds 11 at at thethe
criticalcritical fieldfield::

PairPair productionproduction..
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’’SuperSuper--criticalcritical’’ fieldsfields
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SynchrotronSynchrotron--radiationradiation
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NA43 1993NA43 1993--19971997

150x150 µrad
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Strong crystalline fieldsStrong crystalline fields

•• Critical fields can be Critical fields can be 
simulated in a simulated in a 
crystal.crystal.

•• ExampleExample: : PairPair
productionproduction in in GeGe
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QuantumQuantum--synchrotronsynchrotron

Classical = linear
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ProposalsProposals
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TridentTrident ’’KleinKlein’’ productionproduction

Kimball and Cue, Phys. Rep. 125, 69 (1985)
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SpinSpin--flipflip
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SpinSpin--flipflip
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SpinSpin--flipflip and and beamstrahlungbeamstrahlung
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Sandwich Sandwich targettarget

•• Sandwich target, 60 layersSandwich target, 60 layers
•• ‘‘SqueezingSqueezing’’ the formation lengththe formation length

•• For:For: < < tt <<

•• Intensity prop. to Intensity prop. to ln(ln(tt) for small ) for small ωω –– photon photon 
source?source?

Gold LDPE
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DelbrDelbrüückck scatteringscattering

J. Klenner et al., Phys. Rev. A 50, 1019 (1994)

Ge, 1 µrad

Ge, 5 GeV

V.N. Baier: ’Delbrück scattering in a strong field is a 
very difficult theoretical problem’

’Threshold’ for strong field effects in Ge:
E ≈ 200 GeV (χ = 1)

Expected accuracy: few µrad
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CrystalCrystal undulatorundulator

http://www-ssrl.slac.stanford.edu/lcls/images/undu2.jpg
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CrystalCrystal undulatorundulator

Lasing (?)
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IfIf time time allowsallows……
LHC, IP6

Strong (bent) crystalline fields - a possibility for extraction from the LHC:
1e8 7 TeV protons/s – ’smart’ collimation.
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