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Coherent length



Discussion: E.Feinberg and M.Ter- Mikaelian with
L.Landau and |. Pomeranchuk (1952)

T.- M. - Interference effect in radiation by ultrarelativistic
electrons in crystals.

Landau - Thatis impossible because the interference
effect is possible only for
k=22a . but not for Al] a
P

The discussion was stopped !



Coherent length

In the theory of high energy electrons’ radiation besides the length

A~ "/ p thereexists another length responsible for the radiation,
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Interpretations of |

 Bethe, Heitler (1933)
Ter-Mikaelian (1952)

» Landau, Pomeranchuk (1953)

* Frish, Olsen (1959),
Akhiezer, Shul’'ga (1982)

* Feinberg (1966)
Akhiezer, Shul’'ga, Fomin (1982)

It is based on the first Born Approximation

It is based on classical electrodynamics

It is based on the behavior of the wave
packets

Development of the process of radiation in
space and time



ULTRATRAHIGH FORMATION (COHERENT) LENGTHS

The excitation is small

pre-wave zone wave zone
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| =2y°A>> A

A=(C—V)At, > At, = 2°2

E ~100GeV w ~ 500 MeV | ~10°cm

E ~ 50 MeV A~0.1cm l. ~20m



EFFECTIVE CONSTANT OF INTERACTION FOR LARGE
COHERENCE LENGTH

The excitation is small

1
YO, <<1 +‘ .T 1v eff = nc

A

The excitation is increased

o .. =N Ze?
70, ~1 eff — “coh pc
_ lcoh Ze?




Problems

‘Methods of description of radiation at o >1
(eikonal, semiclassical, operator semiclassical,
classical electrodynamics, ...)

*Evolution in space and time
‘Medium influence on radiation

*S-matrix and boundary conditions



S-matrix and Boundary Conditions for Ultra-High
Coherent Lengths

free wave

S = Texp{le jdtjd rJ A}

not free wave 7

>

E. Feinberg, 1966

]
S=T exp{ie2 jdtjd"’r JﬂAﬂ} 277



Evolution of electromagnetic field
at electron’s scattering

{
bare " electron >

=0(t-r)p, (T,1)+0(r-t)g, (1)

A (K—kv) "~ 22 =1, For £=50MeV, A=1lcm, I, =200m

E.Feinberg JETP 50(1966)202,  A. Akhiezer, N.Shul’ga, S.Fomin Sov.Phys.Usp. 30(1987)197
Phys.Lett.A 114(1986)148



Spreading of high energy
wave packets



SPREADING OF RELATIVISTIC WAVE PACKETS

(D.l. Blokhintsev, 1967)
(02 -V —m?) p(F,1) =0

oo\ ai(pr-c t) - _(Z_t)z_p2
o(F,t)=e A(t)exp{la(r,t) 2A|T 2Ai}

Af(t)=a; + (t laey® )2 AT (t)=aj +(t/ aLg)2

For &€ >> M

1. Strong stabilizing effect
2. Dispersion mostly in transverse direction 11



SPREADING OF HIGH-ENERGY

ELECTROMAGNETIC PACKETS

N.F. Shul’ga, S.V. Trofymenko, inthe book
“Electromagnetic Waves”, InTech, 2012

qﬁ(r*,t)—e““fw”A(t)exp{iag(r,t)(Z_t)2 P }

20 2A7

2

Al (t)=a] Al (t)=al +(t/a,w)
A(t)explia(r,t)} — Ee‘” ' for l=Z >

I

1. The equivalent photon method
2. Bremsstrahlung, coherent and transition radiation etc.

3. lonization energy losses "



APPROXIMATION OF THE COULOMB FIELD BY THE PACKET
OF PLANE WAVES (EQUIVALENT PHOTON METHOD)
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WAVE AND PRE-WAVE ZONES

. 2 ik(z—t)[ 0dO _ike6?12
p(r.t)="e ( )f92+7/2J0(kp¢9)e e
0
pre-wave zone
o (F.t) = 2 Ko (kp/;/)eik(z_t) kz9? /2 <<1
T
o e
o(T,t)= \/(z—t)2+,02/7/2 z <<,
wave zone
%(f,t):—f; 7 jy_z klr elk(r-) kz.92/2 >>1
% =p/z z>> |,

N.Shul’ga, V. Syshchenko, S. Shul’ga. Phys. Lett. A 374 (2009) 331
14



Evolution of electromagnetic field
at electron’s scattering

{
bare " electron >

=0(t-r)p, (T,1)+0(r-t)g, (1)

A (K—kv) "~ 22 =1, For £=50MeV, A=1lcm, I, =200m

E.Feinberg JETP 50(1966)202,  A. Akhiezer, N.Shul’ga, S.Fomin Sov.Phys.Usp. 30(1987)197
Phys.Lett.A 114(1986)148



LPM and TSF effects



E. Feun gepg (IETP,19¢6, v SO 202)

k

LPM care

<<l

N. Shuliya, S. Fowin (1978)
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Radiation in thin target (TSF-effect)

F. Ternovskii, JETF 1960, N. Shul'ga, S. Fomin JETP Lett. 1978, 1996
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Xo/At x 1/N, x dN,/dIn7icd
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Suppression of radiation by relativistic

electrons In athin layer of matter
(TSF effect)

Predicted at KIPT - 1978 - N.F.Shul’ga, S.P.Fomin, JETP Letters, 27(1978)126.
Confirmed at CERN - 2009 - H.D.Thomsen et al., Physics Letters B 672 (2009) 323.
H.D.Thomsen et al., Physical Review D 81 (2010) 052003.

CERN NA63 SPS E=149 GeV

Ta TI}(i)ckness [1m]

—

* Ta Data

¢ Ta Data
—-BH [34]
— LPM [34]
— BK [12]

[

10° 5t [Xo] 102

U. Uggerhoj

A.S.Fomin, S.P.Fomin, N.F.Shul'ga
Nuovo Cimento (2011)

Ta E=149GeV o =347 MeV

04+ -=-=-- LPM for o =347 MeV

7 ———r
0.1 1

. we have seen the half-bare electron!



Coherent radiation in
ultra thin crystals



Coherent radiation in ultra thin crystals

(N.F. Shul’ga, S.N. Shul’ga, 2013)
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The creation of ultra thin crystal for high-energy experiments

(V. Guidi, A. Mazzolari, et al. 2010...)



Coherent radiation in ultra thin crystals
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At €U100Gev 4,9 ®~50GEV these conditions are fulfilled for
L=Na=10"cm



Interaction with atomic string
(A.Akhiezer,N.Shul’ga, 1975)




Semi-classical description of CB
(A. Akhiezer and N. Shul'ga, 1975)

~5
(N)
dE —ha)j cdW(q,) dGéN)(qL)(l-Fo(ﬁ,L)J
do do Yo .
) 2 _
| 28? [1+ (Z("), j+1
hodW _2€" = In(E+\E2n-1,  E=g%

do 1w & a/a2+1




Coherent Bremsstrahlung on N atoms of string

7e?

U(r)==—-¢"F
r
2 2
NZe >>1 NZze D&<<l
hc mR m
2 2\2
. do(M) 168 (Nze?) | 3107 MR
@ dow 3m? & +Z ee' nNZe2

CB suppression

2 2
NZe >>1 NZe Dﬂ>>l
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CB for real potential of atomic string

1,2 1

1,0 1

0,8 1

0,6 4

0,4

0,2

CIA

0,0

1
1x10°

BH/A

T T T T T
2x10° 3x10° 4x10°
Angstrom

5x10°

60

50

40

30

20

10

C/IA

BH/A

1x10°

T T T T T T T
2x10° 3x10° 4x10° 5x10
Angstrom

5

154

12 4

C/IA

BH/A

1
1x10*

1 T T T
2x10* 3x10* 4x10* 5x10*

Angstrom

100

80 +

60 —

40

20 +

C/BH

0,0

5,0x10"

1,0x10° 1,5x10
m

T T T T T
° 2,0x10°
Angstro



lonization energy losses

(N. Shul’ga, S. Trofymenko Phys. Lett. A 2012)



IONIZATION ENERGY LOSSES
N. Shul’ga, S. Trofymenko, Phys. Lett. A, 2012

Bethe-Bloch Fermi

L~1/&?

Y

G. Garibian, 1959
A. Sgrensen, 1987

without absorption

29



Thin Target

Bethe-Bloch and Fermi formulas are related to the in infinite medium

Garibian G.M. // JETP, 1959

Sgrensen A. // Phys.Rev.A, 1987 P
The density effect is absent for the v
targets with thickness e
v
2 : S S

L<1/a5 g

e

Energy losses by a particle: ;
A

L

dZ pmin

262 1<y<llw
(0] Y

y>1aw,



FIRST EXPERIMENT (Kharkov, 1963)

A.l. Alikhanian, G.M. Garibian, M.P. Lorikian, A.K. Walter,
|.A. Grishaiev, V.A. Petrenko, G.L. Fursov

Electron energy losses in thin films of polystyrene of
thicknesses 10°cm (a) and 2x10%cm (0)

1 — theoretical curve without density effect

2 — theoretical curve with density effect

circles show the measurement results

20MeV < €<100MeV 31



IONIZATION ENERGY LOSSES
BY HALF-BARE ELECTRON

N. Shul’ga, S. Trofymenko, Phys. Lett. A, 2012

medium vacuum plate, L< 1/

32



IONIZATION ENERGY LOSSES
BY HALF-BARE ELECTRON
(from Fermi to Bethe-Bloch formula)

v'_dg Bethe-Bloch diati
2 2 Vo Bethe-Bloch + radiation VY |, DVY
Qpe dz In | +1In I
oo Bethe-Bloch in %V7
|
e FErmi "
a)P
7/I2 /1 7
At £=100 GeV .
A [\ :
Y Tz
____________________________ 7/2
T ~ 10 meters!

33



lonization energy losses of
high-energy electron-positron

pair in thin targets

(S. Trofymenko, N. Shul’ga, 2013)



Anti-Chudakov effect
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lonization energy losses of e*e” palr
under conditions of CERN experiment

Phys.Rev.Lett., 2008, v.100, 164802
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SOME OTHER EFFECTS WITH HALF-BARE
PARTICLES

e transition radiation

 coherent radiation at beam-beam collisions
» LPM effectin thick crystals

 e*te—palir production in thin targets

» electromagnetic showers
 quark-gluonplasma

* moving polaronin solid



THANK YOU FOR YOUR
ATTENTION!




Transition radiation



TRANSITION RADIATION BY ELECTRON WITH
EQUILIBRIUM FIELD

‘E'P
= Total field:

_C f
P=¢Q +@
................ Boundary condition:

ES(p,z=0,t)+E(p,2=0,t)=0

Fourier integral for radiation field:

= 1 (201K 107 ~0 14K, )
Id kLdekf + o’ | p° °

e
27V

o' (F,t)=—

40



STRUCTURE OF TR ELECTROMAGNETIC FIELD

N.Shul’ga, S. Trofymenko, V. Syshchenko, Nuovo Cimento (2011)

E =50Mev A ~0.1cm

l. #2y°2~20m | ~y1 ~10cm

For t>0:
>0 o(Ft)=| —= : =~ ——— : 2}té?(t—r)
Vo (z-vi? T (z )
z<0: ¢(F’t): B 2 -2 - 2+ 2 -2 - 2 (9(!‘—12)
P ety (- v

41



THE ANALOGY IN BREMSSTRAHLUNG

z
“half-bare™\ _.-
clectron -~

~“torn away” field

Bremsstrahlung Transition radiation

The total fieldfor t >0 :

p(r,t)=0(r-t)p,(r,t) + (t—r)e,(r,1)

A. Akhiezer, N. Shul’ga High Energy Electrodynamics in Matter, 1996

N. Shul’ga, V. Syshchenko, S. Shul’ga // Phys. Lett. A, 2009
42



lonization energy losses

(N. Shul’ga, S. Trofymenko Phys. Lett. A 2012)



Bethe-Bloch Formula
Infinite medium

lonization energy losses with ( < (,

are considered Yo €

P > Pmin = /0o

dE/dz

At 1<y<l/w,

dE wzezl Prax =7/
dz V2 Prmin

v



Fermi Formula

Infinite medium
At y>1llo,

_ - 2492 (z2-wt)? e —p - -
¢(r’t):¢Coule wp\/p ’

Screening at

p>Vvlaw,

lonization energy losses:

2n2 _
dE :Cf)pe In Prmax _V/wp

0z Ve Prmin



EVOLUTION OF THE FIELD AROUND THE ELECTRON
IN VACUUM AT ULTRA HIGH ENERGIES
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Boundary conditions:

(EC " E; )diel _ (E; " E; )vac B
“ b+ divEF =0
diel — vac —
(ES +EF) y =z(EC+EF) y

-

Fourier decomposition of a free field
F o _ioo 2
ES(F) =— j dqo’J, (de) x

\/r_qz 1+V\/a)25—q2 8+V\/a)25—q2
d (D) . (D)
.[ 0)1/0) E— q +6‘\/(0 —q q2_|_a)22_ga)2 q2+0)2_a)2
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FIELD IN VACUUM

Fourier componentof full field (y >>1 , ® >> w)):

2 i—2z
_ e < 1 1 iwz - 9z eV
EZ(F) = 2= [ dag’J, (ap); _— R T _
K o+’ +2 o+ g+
i p 2 7/2 ] 7/2
\ ; J
Free wave packet Coulomb field

For z—0:
> 5 _, The electron is ""half-bare* for @ < Y@,
Er(p) =22 |2 4 2K p |t o
w(P)—T 7+a)p A p 7+a)p e

For Z>2y° ] w:

Ez(p,z)—ze{‘;m(jpj@'“ - F(p/z)} =Ptz

vV




IONIZATION OF MEDIUM BY EXTERNAL FIELD

oscillator by the external field:

@, = |
X+ P+ afx=—(EC +EF)
0 P P 1
m !
Transmission of energy to a harmonic 1

J.D. Jackson // Classical

e* 2
A E=— ‘ E (f)‘ electrodynamics, 1999
2m'

Summary ionizationon the unity of length

d& f #
E=nZe—m!olpzw\Ego(r)f



