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Strong fields 



Critical field 

•  Relativistic, quantum field for electrons? 

•  Combine c, ħ and e, m to get a field: 



Klein paradox 



’The problem’ in 1928 

A ’Dirac electron’ incident on a potential barrier 



A bit of history on 
strong fields and 
the Klein paradox 

‘Electrons in the forbidden region 
penetrate into the region where they 
possess negative kinetic energy’ 



Potential over a 
Compton wavelength 
equals the rest energy of 
the electron 

1/k2 = hEe/2πm2c3 

2π 

‘To produce fields of this strength 
experimentally, is naturally 
impossible.’ 



Sauter: 

<< 1 

factor 2 



Recent 
H. Nitta and T. Kudo, H. Minowa, American Journal of Physics1999 67, pp. 
966-971, Motion of a wave packet in the Klein paradox 



Invariants 



The critical (Schwinger) field 

•  Schwinger, 1949 

Quantum corrections to synchrotron radiation emission 

Relativistic invariant: 



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



Beamstrahlung          heavy 
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  

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

γγ-collision scheme 
(Telnov et al.) 



Trident production 



•  Nature Physics 2, 620 - 625 (2006) 
Chiral tunnelling and the Klein paradox in graphene 

•  M. I. Katsnelson1, K. S. Novoselov2 and A. K. Geim2 
•  Abstract 
•  The so-called Klein paradox—unimpeded penetration of relativistic 

particles through high and wide potential barriers—is one of the 
most exotic and counterintuitive consequences of quantum 
electrodynamics. The phenomenon is discussed in many contexts in 
particle, nuclear and astro-physics but direct tests of the Klein 
paradox using elementary particles have so far proved impossible…. 



Electroproduction of 
electron-positron 
pair in a medium 

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

Amorphous case 

Sequential 

Two-photon 

Two-photon 
process 
dominates 
below 30 GeV 



Trident production 



Primary particle: 
Detected in the forward direction 

Produced particles: 
Momentum analyzed (MDX,DC5,DC6) and energy analyzed (LGs) 



Count of number 
of charged 
particles 

No true multihit capability, but produced 
particles incident in adjacent cells 

primary e- 

e- 

e+ 

’2+3 event’ 



Trident production: 

Background (no target) in 
nearly complete agreement 
with GEANT simulation 
(= no big surprises) 

Contributes about 20% 

1.  Formation length 
2.  Direct process 
=> 
Setup optimized for detection of 1-10 GeV 

pairs from 200 GeV electrons 



Germanium crystal 
spare 



Total length of setup: 65 m => good angular resolution 



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



Analysis 
•  The momentum 

of the pair 
spectrometer 
trident events 
(vertical axis,
[GeV/c]) 
compared to the 
signal in the LgJ 
detector 
(horizontal axis, 
[GeV]). 



Analysis 

•  The SSD 
spectrum after 
the trident 
algorithm event 
selection and 
with all cuts but 
the one in the 
SSD spectrum 
itself. Here, the 
three particles 
can clearly be 
seen. 



Analysis 

•  Comparison of 
the projection 
of the 
calculated 
vertex position 
and the 
projection into 
the center of 
the MDX 
magnet. The 
units of length 
are in cm. 



Enhancement, 400 um Ge <110>, 
180 GeV: ≈ (1.7-0.3)/(0.8-0.3) = 2.8 

Enhancement, 170 um Ge <110>, 
180 GeV: ≈ (1.1-0.3)/(0.6-0.3) = 2.7 

Preliminary 

Different thicknesses – 
’same’ enhancement. 

Sequential process (prop. to 
thickness squared) negligible (?) 



Trident production in Ge crystals 
E = 180 GeV 

Preliminary data 

Detection 
efficiency not 
included 
(presently being 
investigated) 



Trident production in Ge crystals 
E = 180 GeV 

Preliminary data 

Detection 
efficiency not 
included 
(presently being 
investigated) 



Trident production in Ge crystals 

Preliminary data 

Detection 
efficiency not (as) 
relevant 



Trident production in Ge crystals 

Preliminary data 

On our theory 
’wish-list’: 

Average enhancement 
(1 GeV < p(e+) < 5 GeV) 
as a function of energy 
of the primary 



Conclusions 
•  …direct tests of the Klein 

paradox using elementary 
particles have so far proved 
impossible…. 

… are in fact possible (at least a 
close analogue)! 


