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Alexander Akhiezer

e 31.X.1911 — born In Cherikov
(Belarus’)
« 1929-1934 — Kiev Polytechnic
Institute

e 1934 - 2000 — worked in Kharkov in
UPhTI

e 1938-1988 — head of the theoretical
department of UPhTI




Lev Landau
The head of the theoretical department of UPhTI from 1932 to 1937.

» Creation of the school for theoretical
physics

« Creation of the course of theoretical
physics since 1935

* Mechanics (with L.Pyatigorskii)

« Statistical physics (with E.Lifshitz)

« Electrodynamics (started with
L.Pyatigorskii)

« Revision of the system of teaching
the course of physics




School of Landau (UPhTI -1934)

E.Lifshitz A.Akhiezer

L.Pyatigorsky L.Tisza

E.Teller recommended him
to work in Kharkov



UPhTI (1930-s)

P.Dirac -member of the Council of UPhTI

P.Kapitza, G.Gamow, P.Ehrenfest — scientific consultants of UPhTI
L.Shubnikov — research worker at UPhTI (1930-s)

F.Hautermans — research worker at UPhTI (1930-s)

V.Weisskopf — research worker at UPhTI (1933-1934)

«l could not get ajob in England, neither in
France. In 1933 | went ... to Kharkov where it
was possible to get ajob which provided with
means of subsistence.»

BoT ObINun Xxe BpeMeHa, cemyac Obl Tak...

Those persons came and worked for a long time in UPhTI:

N.Bohr, P.Dirac, P.Ehrenfest, P.Kapitza, G.Gamow, R.Peierls, V.Fock,
B.Podolsky, Yu.Rumer, L.Gurevich...



Alexander Akhiezer

The head of the theoretical department of UPhTI-KIPT
from 1938 to 1988.

| “ .' « School of theoretical physics (Ya.Fainberg,
‘,'\\\\\l'k“,! | e B V.Bar'yakhtar, S.Peletminsky, D.Volkov,

A.Sitenko, P.Fomin, V.Aleksin, K.Stepanov,
M.Rekalo, Yu.Berezhnoj, G.Lyubarsky,
E.Kuraev, R.Polovin, Ya.Shifrin, N.Shul'ga
et al.)
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« Monographs (50)

 Creation of physico-technical faculty of
Kharkov State University and the chair of
theoretical nuclear physics of Kharkov
State University.



1946, Kharkov — UPhTI Laboratory #1 of Atomic Project of the USSR)
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classified "Top secret”

|.Ya. Pomeranchuk For some reasons, this book was
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“If you really want to achieve something you should, at
least a little, go against the stream”

«Ecnu mbl xovyewsb OdelicmeumesibHO docmu4b 4€20-
HUbyob, npudemcsi xomsi 6blI HEeMHO20, HO mnolumu
rnpomue me4YyeHusi»

“Where Is a deception? — If there Is no deception then
It Is not theoretical physics, it is mathematics”

«A 2de obmaH? — Ecsiu Hem obmaHa, mo amo yxe He
meopgusuka, a MamemMamuka»

“In science everything is simple, until you begin to
solve concrete problems”

«B Hayke ece npocmo, noka He Ha4yuHaelWsb pewamb
KOHKpemHbie 3adayu»

A. Akhiezer



The main Akhiezer’s idea (1969)

For coherent bremsstrahlung

CEC
dGCOh >> dGBH

The idea: relative contribution of higher Born
approximation can also be large!!!
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ULTRATRAHIGH FORMATION (COHERENT) LENGTHS

The excitation is small

fe |

| =2y°A>> A

E ~100GeV ® ~500MeV

E ~50MeV A~0.Icm
Ze2

%eoh ™ I\Icoh hc

| ~10°cm

|, ~20m

coh

_ coh

a

Vrel :C_V

A=(c—V)At, > At ~2y°2

12



Problems

Methods of description of radiation (Born,
eikonal, semiclassical approximations, operator
semiclassical, classical electrodynamics, ...)

«S-matrix and boundary conditions
*Evolution in space and time
Medium influence on radiation

*Essentially new effect in radiation at channeling

13



Radiation in Born approximation: ¢ ?

R

— ——e» —

| =2¢&¢!
C

m’w

do~[d%a. [ dg LU [
o j QLI qqu‘q‘
[]

e=&+w, pP=p+k+qg

Omin

q]eff — q]min — (sz /288'

~ql ~1 _2&e’
r.Deff ~ qDeff ~ Ic -

ro. =~ ~ R
m20) Left %J_eff

14



Coherent Bremsstrahlung in Born Approximation
Ferretti 1950, Ter-Mikaelian 1952, Uberall 1956

f('% ﬁ?‘/—_\ U‘f)-':% U(F-l.f.)
< p

2 2 [ 2 ,
a)d0:2625€ Z% 1+a),_2£ 1_£ ‘Ug‘ e 9°u
do m°A ¢ 7 9 | 2¢c€ g g

q”25=a)m2/28€', g”:gz‘FW

wdlé‘/du

Akhiezer, Shul'ga Sov.Phys.Usp. 1982 v.25 p.54



COHERENT RADIATION IN CRYSTAL

Ter-Mikaelian 1953

wd - e
dw
L e r_______{é'_/L/_'_'

Coherent effect Coherence + Interference
2 2 |
0; << 0 N.Ze?/hc <1, where N, ==
a

16



Generalization of CB theory

The main idea:

-For E ? d Ocoh >>d O atom
—

-The relative contribution of higher Born approximation can
be also increased (A.Akhiezer, P.Fomin, N.Shul'ga 1971)

17



Contribution of the second Born approximation
hw<<g (A.Akhiezer, P.Fomin, N.Shul’'ga, 1971)
hw ~ ¢ (N.Shul'ga, V.Syshchenko, 2002)

1, 31

2
032 eg5jd3 i F‘U‘+— Ol1-421- 2 ||+ 212 ||
da) 27 €M q” &' q” q” 2sg’ q”

2
g =5 Fo112 291 9
2ee. q{ q

For Coulomb field

do e c+& w76’
02 - 12 ELE T g,
dw \e\ 2¢s’ 2

18
Symmetrical for e—¢’



Second Born approximation in CB theory
A.Akhiezer, P.Fomin, N.Shul’ga (1970)

17

9 2
do,=do0" - (l n (92) holl ¢
nll 6. — crytical channelling angle

lon =27 /@11 8/

19



Higher Born approximation in the CB theory
A.Akhiezer, N.Shul’ga (1975)

2 2
Ze Zi ] EZLD 1 Quickly destroys for v — 0O

hiC AC  wa nc

New directions of investigations:

The interaction of high-energy particles with matter in conditions
of effectively strong interaction of the particle with atoms of media
(eikonal, semiclassical, classical approximations)
Ze?
N,.—>>1 20
hiC



Operator semiclassical method
(V. Baier, V. Katkov, 1973)

3 2 8+<€‘
dw yo jd jde {\nxl\ +w(8 — )II}

F(t) —forinitial particle

21



Operator semiclassical method + expansion on potential
(V. Boyko, N. Shul'ga, 2008)

enVU
E
2 2 (-0
do e° ¢ 52 d° q—éF<‘Uq‘2—£UqRe_“ d qB(Ci CL)LE',LUG—G g
dw 27 &m q & (27T) (q_q)u |

For Coulomb potential

e 1 7Ze’ . ,
O— ~..q1——— q, Not symmetrical for ¢
|e| & 2

Second Born approximation

' 2
do _ {1 e ete mLs qL} Symmetrical for €€

= _
dw |e| 2cc" 2 22

~
Vo




Radiation in the field of continuous potential of crystalline plane
-E: el . -be

Feinman Diagram Technique

, 2_6 ’ « s 2
da=N167rZe2 & é‘zda) Idg, - 1 {F( )+e 4nZe R[F( 3
(gx+R ) Ilm}‘_

aal° e¢m° o ;-
L , %

31;45(_5) 2(_5 g+ R
e\ &\ &) 20 &,))|gi+4R7|

L et 25 _ 0
Flg. )1+ - 6&(. ggx).

Operator Semiclassical Method

do

- 162Z%° &' & dw °°d - F(g.) e 4nZe’R g’ +R™
N o o I (2, p2} 1-+|=[' 6% g2 +4R>?
y©z Sl (g, +R )' N é mya: 8t

| - 4nZe’R
-1, <'
5 ~2R/6. )~ i




Conclusions #1

* Feynman diagram technique and operator semiclassical
method produce different results in second approximation
on potential for hw ~ ¢

* It Is needed an analysis of validity conditions of operator
semiclassical method for description of radiation process
In the region hw ~ € and revision of results obtained on
the basis of this method

*This is very important for crystal
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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 jdtj'd3r JﬂAﬂ} 277
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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



FOURIER TRANSFORMATION OF ELECTRON'S FIELD
COHERENT LENGTH, WAVE ZONE

n

VT
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APPROXIMATION OF THE COULOMB FIELD BY THE PACKET
OF PLANE WAVES

kl_" kt
@ free =Re j

B 87ze®(kz)
K2 4k2
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WAVE AND PRE-WAVE ZONES

R 2 ik(z—t)[ 0dO —ikz6?12
rt)=—e Jo(kpB)e
o (T1) . £92+7/20(p)
pre-wave zone
o (F,1) = 2K Ko (kp/y)e <= kz§®/2 <<1
e
o(Ft)= 7 << |
J(Z=t + 02/ -
wave zone
@k(F,t):—ZI - L - L elk(r-) kz9% /2 >>1
T 9 + v Kr
S = p/1z z>>|;

N.Shul’ga, V. Syshchenko, S. Shul’ga. Phys. Lett. A 374 (2009) 331
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The Problem of Bremsstrahlung Radiation Measurement
N.Shul’ga, S. Trofymenko, V. Syshchenko JETP Lett., 93 (2011) 1

exiensive [ ; 7
detector Point detector: Ap<<y/w
oint z| >> 1, : 2 2
NS ~* detector d€ e S
i\ R dodo  m* (y 24+ 92f
Reo | z| <<, :
d& _4e’ 1 .o @ 29
dodo 7° & 4
|58 =
[ _ ] i 2| >> 1, B
Extensive detector: Ap>>vlw Wl |
d& e* & Skl 7 <<
any z: daxj = 2 ) 2 \2 1””;
0O 7 (7/ + 9 ) af
= E J :

N N N 1::I L N
4-180/x



TRANSITION RADIATION BY ELECTRON WITH
NONEQUILIBRIUM FIELD

S. Trofymenko et al (oral report RREPS-11)

%
i Total field:

. C f
P=¢ T@
................ 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' (T,1)=-

31



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 p(Ft)=| ——= : =~ ——— : 2}éi(t—r)
Vo (z-vi? T (z )
z<0: ¢(F’t): B 2 -2 - 2+ 2 -2 - 2 (9(!‘—12)
P ey (- v

It is not the same as in B. Bolotovsky, A. Serov // Phys. Usp., 2009 32



Conclusions #2

Quantum description of electromagnetic processes at
ultrahigh formation lengths

Boundary conditions problem

‘Wave and pre-wave zones In transition radiation and
bremsstrahlung

*Evolution of radiation processes in space and time
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LPM — effect (1953)

do 33X, E EE’
2,6
Xy ' = 12 ° Din(mR)
AES AE™ m
deH el

Landou — Pomervwnchiui (953

Ey

8H

e ' do X,
ZPM
—

(254

dE,, L \/27: oE,
3 E
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An effect confirmed after 40 years!
(SLAC — experiment Phys.Let. (1995); Rev.Mod.Phys. (1999)

1 ] [RE)
[ W 2% Ly, -
i 25 Gev E
3“ - - 01
)
3
§ ) 005
0 L
012 7015
L U 3% Lay
B GaV
e = 0.1
= -
3
§ ool -0.05
[+ 2 asau® 3 aaaup " APTTTY EEPEPE T ] aaasd o g ....ui PRERETIT BTSTATTIT Y ] 0
0.2 1 10 100 5C¢ 0.2 i 10 100 S00 02 1 10 100 500
w (MeV) w (MeV) w (M)
. Ceoly =
LPM Z
- =

CERN Courier 1994
E. Feinberg Mpupoaga 1994 TSF é Lol



(o=
dw

)

Radiation in thin target (TSF-effect)

F. Ternovskii, JETF 1960, N. Shul'ga, S. Fomin JETP Lett. 1978, 1996

. >>L

T suppression of
radiation
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de
dw

Of02 OfOB OFOA OFOS OVOB OFO7 Of08

Of01

Dependence on thickness

0.00

? =5GeV
/ ! -
Au E =250 GeV ) _
/ -
) s
/ -
) -
Vs [
B-H / -
% // 1 GeV
/ - T
, /
. P LPM -
—
, e _—
% // -
P P 7 0.2 GeV
- - -
- — _—
/ P e I
- — —
/// -
P ///
— — )
2 4 6 8 10
L., %Ly
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Xy/At x 1/N, x dN /dIn7iw

1.2

1.0

0.8

0.6

04—

0.2

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 Thickness [um
10 [um] 100

o Al Data {
= TaData

¢+ Ta Data
—-BH [34]
— LPM [34]
— BK [12]
----SF [32]

10° st [Xn] 1072

U. Uggerhoj

. we have seen

“Channeling 2010”, Ferrara, Italia
A.S.Fomin, S.P.Fomin, N.F.Shul'ga
Nuovo Cimento (2011), in press

Ta E=149GeV o =347 MeV

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

1y — ——
0.1 1

the half - bare electron!



New Interference Effect in Radiation at

Channeling
N. Shul’ga. Dokl. Acad. Nauk of USSR v.310 (1990) 348

A. Akhiezer, N. Shul’ga. Physics Reports v.234 (1993) 297



New Interference Effect in Radiation at
Channeling

&=1GeV
Si, (L10)

C 40



THANK YOU FOR ATTENTION!
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70, <<1
VO =1
YO >>1

HOW DOES ELECTRON RADIATE?

The excitation is small

bed

A=(c—V)At, > At ~2y°2

v

The excitation is increased

The excitation is strong
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E. Feun gepg (IETP,19¢6, v SO 202)

k

LPM care

<<l

N. Shuliya, S. Fowin (1978)

Z;, -’>L

.e .&‘ 'OA ”!
Ef (,é ‘4 l?ﬁfdr' +0!‘ df COZ Ae . e,
gclfon

(=
dw

|

T




