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Overview

 Coherence length of bremsstrahlung process
* LPM effect and Radiation length
 Suppression effects in a thin layer of substance
* CERN experiment NA63 and radiation of “half-bare” electron
* Spectral-angular distribution and polarization of y-quanta
at the non-dipole regime of radiation
 Formation zone of pair production processes
* Coherent effect at pair production in crystal and its suppression

* Conclusion and prospective



Coherence length of Bremsstrahlung
(Ter-Mikaelian, 1953)
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Multiple Scattering Effect on Radiation in Amorphous Medium

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 energy
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Radiation length depends on the particle energy !!!

V.N. Baier, V.M. Katkov arXiv:hep-ph/0403132 v1.
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1994: SLAC experiment E-146
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STANFORD (SLAC)
Photon theory verified
after 40 years

Developed by Landau, Pomeranchuk, and
Migdal forty years ago, the LPM effect predicts
that the production of fow energy photons by
high energy electrons should be suppressed in
dense media.

In 1993 this was finally verified af Stanford
(SLAC). The diagram compares data (crosses)
with Monte Carlo simulations - one (dashed
line) including LPM suppression and the other
{dotted line) ignoring it - for 25 GeV electrons
on uranium. Data recorded with two different
targets were subtracted to remove edge
effects.

A collaboration of physicists from the
University of California at Santa Cruz
(UCSC), the Stanford Linear Accel-
erator Center (SLAC), American
University and Livermore has verified

a theory that is almost forty years old.

Covering current developments in high energy
physics and related fields worldwide
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In SLAC experiment E-146, 25 GeV
electrons passed through slim targets
of carbon, aluminum, iron, gold, lead,
tungsten and uranium — as well as a
very thin gold target. After traversing
the target, the electrons were de-

The E-146 data confirm that the
LPM effect exists. The magnitude of
the suppression in dense media such
as uranium is consistent with
Migdal's prediction. Lighter targets
such as carbon show little suppres-
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SLAC experiment E-146

Anthony P.L. et al., Phys. Rev. Lett. 75 (1995) 1949.
Klein S., Rev. Mod. Phys. 71 (1999) 1501.
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Radiation in a thin layer of matter : 1.>>T

Shul’ga N.F. and Fomin S.P., JETP Lett. 27 (1978)126; 2.2
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Electromagnetic field of electron at scattering
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E.Feinberg, JETP 50 (1966) 202. S.P. Fomin, N.F. Shul’ga, Phys. Let. A 114 (1986) 148
A.l. Akhiezer, N.F. Shul’ga, Sov.Phys.Usp. 30 (1987) 197



E. feun gepg (IETP, 1966, v So, 202)

725§H>1

k 4

LPM care

dE E. . ~L
dw l
N, -Slﬂ“‘é'o"l‘f, S. Fomun (195‘5)
4, ==L J
- E  ..~InL
0 £ (] |
i t liAlONnS ..,
Electron i» bare +° ath olE00 Y =1 L



Quantitative 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 !!!
N. Shul'ga, S. Fomin: JETP Lett. 27(1978)126. Phys.Let.A 114(1986)148; JETP 86(1998)32
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CERN NAG3 experiment
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Ulrik 1.Uggerhoj et al. Phys.Rev. D 72 (2005) 112001.
H.D.Thomsen et al. Phys.Lett. B 672 (2009) 323-327.
H.D.Thomsen et al., Phys. Rev. D 81 (2010) 052003.
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A.S.Fomin, S.P.Fomin, N.F.Sul’ga,
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CERN experiment NA63 - June 2009

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
dependence 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 'half-bare' electron :-)

Best regards from all of us at NA63,

Ulrik Uggerhoj

Spokesman of CERN NA63 collaboration
Professor, Aarhus University, Denmark

(a) Single Scattering.



BH, LPM and TSF theories applicability ranges

Thickness dependence of radiation spectral density
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Figure 4.8: The bremsstrahlung power spectrum level (in arbitrary units) in a small
part of the (At, £g, £, ) parameter space. The contour lines trace lines of equal brems-
strahlung yield. Upper horizontal axis shows the equivalent tantalum thickness. For
the calculation, Ep = 200 GeV and tantalum have been assumed.
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Multiple scattering effects on the dynamics and radiation

of fast charged particles in crystals.
Transients in the nuclear burning wave reactor.
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Special features of radiation in a thin target

Spectral-angular density of radiation Coherent length
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Radiation in a thin target: dipole and non—dipole case

6, - - ¥0
7% 1 2 gp 0 0204060810 d 0, = Y0
104 2 dwoe I - 10
8 - g
. c) I
6
- 4
)
L0
-2
_4 1 1 1 1 1 1 I I I I f ] I I 1 1 _4
2 0 2 0 2 2 0 2 —4 2 0 2 4 98

d’E  e*y? 3 (1 - a?) singb—l—ozﬁ)2—|— (1—|—a2)2c052gb
dodo 72 (14 a?)? (1+ a2 + 82 — 2 afBsin ¢)?

a =0, 8 and ¢ are the polar and azimuthal angles of emitted photon, 8 = ~ 65

Alex Fomin (LAL (UPS) and KhNU) PhD defense 26 / 57



Radiation of an electron beam in a thin amorphous media
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Important for future lepton colliders (ILC or CLIC)
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Radiation in a thin crystal
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Polarization of radiation in a thin crystal
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Polarization of radiation: dipole and non-dipole cases
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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.
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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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Multiple scattering on crystal atomic strings
in random string approximation

. 2 1 2
Yy e f = dw(jdbcp%b)]af f(@.2) = _exl{—ij

~n —
dz 2 BL0) 2TQ’ 2¢
. Qb — — T
3(b) =2ysin (p(z) ¢’ <<1 ¢’ :ndzqudb(pz(b)

1 3R° Q2 272 4 2
Up(p)=5Upln) 1+ B (T) =/3(4—m)4n*Z%*n RT /(e*vd)
| a e < N-2R/ya —=| P .

! 2 ¥ /¥wm=R/yd W
P —— 1V 2R
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Bremsstrahlung and e*e - pair production

ED—E, €DE, W—>—0, do—>edelw

22 , N2 N
dGBH=4e2(Zij : 1-%5+(ij ln(183-Z/3)+ég | 40

m

2
R Ze’ 4e.€ _ g€ | de,
dO'BH:4e2(—j {(1— - jln(183Z 1’3)—9@2}

m



Coherence length of e*e - pair production
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Interaction with atomic string of a crystal

Akhieser A.l,, Truten’ V.1,
Fomin S.P., Shul’'ga N.F.,
“Coherent effect in e*e-pair
production in crystal”
Sov. Phys. Doklady,

249 (1979) 338.




LPM effect at e*e-pair production (y0,> 1)

S. Eidelman et al. (PDG) Physics Letters B592 (2004) 1.
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Conclusion and prospective

1. The electrodynamics processes, such as bremsstrahlug, pair production, transition
radiation and some others at ultra relativistic charged particles interaction with
amorphous and crystalline matter have a specific behavior connected with non-
equilibrium own Coulomb field of the particle (half-bare particle).

2. The corresponding effects have to be studied in details including angular
distributions and polarization characteristics both theoretically and experimentally
using existing accelerators, i.e. SPS CERN, to be included in computer codes, like
GEANT and others, which are using at designing detectors and other systems for a
new generation of lepton colliers of TeV energy diapason (ILC, CLIC, NLC, ...) as
well as for cosmic rays detectors.

3. The analogous of the LPM and TSF effects have to take place in QCD at quark-
gluon interactions.



PHYSICS REVIEWS 2005

A.l. 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!
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