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Coherence  length of Coherence  length of BremsstrahlungBremsstrahlung
(Ter(Ter--Mikaelian, 1953)Mikaelian, 1953)
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L. Landau and Ya. Pomeranchuk Dokl. Akad. Nauk SSSR 92 (1953) 735.
A.B. Migdal, Dokl. Akad. Nauk SSSR 96 (1954) 49;  JETP 32 (1957) 633.
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LPM effect at very high energyLPM effect at very high energy
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Detector design and radiation shielding calculation - GEANT, …

Radiation length depends on the particle energy !!!

V.N. V.N. BaierBaier, V.M. , V.M. KatkovKatkov arXiv:heparXiv:hep--ph/0403132 v1.ph/0403132 v1.
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1994:1994: SLAC experiment ESLAC experiment E--146146
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SLAC experiment ESLAC experiment E--146146

   

2 2 1γ ϑ < 2 2 1γ ϑ > 2 2 1γ ϑ >

Anthony P.L. et al., Phys. Rev. Lett. 75 (1995) 1949.
Klein S., Rev. Mod. Phys. 71 (1999) 1501.

Bethe-Heitler ? ? ? LPM effect

, but T < lc and  T > lc

F.F. Ternovskii. JETP 12 (1961) 123. . lns
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Radiation in a thin layer of matter :Radiation in a thin layer of matter :

���)� � � *' *�� � � �' � � 	� �*� *� � � � � �� 	 

��+ , � � � � � � � � � � ��

' � � 	� �*� *�� � � ����)� � � *' *� � � � � ��� 	 

�� - - . � � � � � � � � � � �

dE
dω

2 2 1γ ϑ ≈

BH

suppression of 
radiation

L



( )( )
2

2
4 e r r t

t
ϕ π δ

	 
∂∆ − = −� �� �∂ �

� �

( )
( )2 2

, , 0v
e

r t t
z vt

ϕ
ρ γ

= <
− +

�

( )
( )

( ) ( ) ( ) ( )

1

1

1

3

2
0 1

1 1
, Re

2

, ,

i k kv t
ikv tikr ikt

ret
t

v v

e d k e
r t e e e

k kv k kv

t r r t r t r t

ϕ
ωπ

ϕ ϕ

− −
− −

>

� �−� �= + =� �− −� �� �

= Θ − + Θ −

�

��

�� ���
� �� �

� �

( ) 1 2
1 2 ct k kv lγ ω−∆ − ≈ =�

� *' � 	� � � � � /������01�2-3!!4�+1+� � *� *�' � � 	� /�� *' *�� � � )� � / ���	��
�����--. �2-35 !4�-. 5

 *6*� 7 � 	� % � � /�� *' *�� � � )� ����������	��	���" 1�2-35 , 4�-3,

Electromagnetic field of electron at scattering
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Quantitative theory of radiation in a thin layer of matterQuantitative theory of radiation in a thin layer of matter
Shul'ga N.F., Fomin S.P., JETP Lett. 63 (1996) 873; JETP 86 (1998) 32; NIM B145 (1998) 73.
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Thickness dependence !!!Thickness dependence !!!
N. Shul'ga, S. Fomin: JETP Lett. 27(1978)126. Phys.Let.A 114(1986)148; JETP 86(1998)32

ω1 = 800 MeV
ω2 = 350 MeV
ω3 = 150 MeV
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CERN  NA63  experiment  2005CERN  NA63  experiment  2005--20102010
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June 5, 2009
Dear Nikolai and Serguei,

It is a pleasure for me to tell you that in the CERN experiment we are  
running these days, we have confirmed the logarithmic thickness  we have confirmed the logarithmic thickness  
dependence that your theory for thin targets has predicteddependence that your theory for thin targets has predicted, …

… we are certain that the effect is there, and we thought we would let you 
know that we have 'seen' the 'halfwe have 'seen' the 'half--bare' electronbare' electron ::--))

Best regards from all of us at NA63, 

Ulrik Uggerhoj

Spokesman of CERN NA63 collaboration
Professor, Aarhus University, Denmark

CERN experiment NA63  CERN experiment NA63  -- June 2009June 2009
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CERN experiment: Bak J.F. et al. Nucl. Phys., B302 (1988) 525.
Theory: Laskin N., Shul’ga N., Phys.Lett. A135 (1989) 147.

e- : E=10 GeV

e+: E=20 GeV



Multiple scattering on crystal atomic strings 
in random string approximation
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Multiple scattering on crystal atomic strings 
in random string approximation
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Multiple scattering on crystal atomic strings 
in random string approximation
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N.F. Shul’ga, V.I. Truten’, S.P. Fomin, Journal of Thech. Phys., 52 (1982) 2279.
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Coherence  length of Coherence  length of ee++ee-- -- pair productionpair production
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Interaction with atomic string of a crystal
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LPM effect at e+e--pair production (��± � 1)
S. S. EidelmanEidelman et al. (PDG) Physics Letters B592 (2004) 1.et al. (PDG) Physics Letters B592 (2004) 1.
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20052005

A.I. Akhiezer, N.F. Shul'ga, S.P. Fomin.
The Landau-Pomeranchuk-Migdal Effect.
Cambridge Scientific Publishers, 
Cambridge, UK, 2005, 215 p.

Thank you for attention!Thank you for attention!


