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[ips ABMECHMM B MAUHWTHOM (IOX€ 3ACKTPOHH M NOSHTPONH MOIYT NO—
AAPMBOBATHCA BCAGACTBHNE RIAYYCHMA. ONADHBAMA NOIHKKEET LOTOMY,
YT0 BEPORTHOCTH PAAMAUMOHHOrO Mepexoia C DJPEeBOPOTOM CHMHA 3JABUMCHT
0T OPMEHTALMM HAYANBHOIO CNuHA. HA CYmNECTBOB&HHS 3(PexTa pagsali -
OHHOM NOAAPHBAUMM B OAHOPOAHOM MAPHMTHOM NOAE BHEpENE ykasaaw Coko-
208, Tepuos x corpyauuxu /1,27, PaamaumosEas NOARPWSAIMA PACCMATPi-
Baxach Takke » pacore asTopos /37, rxe OuA CHOPMYAMPOBAH NOAXOA,CY-
MECTBEHHO yWRTUBADWMH KBABMKAGCCHYECKMHE XapaxTep ABMECHMA JAEKTPO -
KOS GOXBLEOM 2HEDPrMM B MAPHMTHOM NOXe, NOSBONALEMN, B ONPHMLMNe, pac-
CMOTpPETH DAJMALMOHHYD NOAAPHUIALMD B HEORHOPOAHOM MArHMTHOM MOAE.

o NN B aauHo}l pasoTe, B pasBTHe NOAXOAE craTsi /37, MH MCROAB3O-
BalX ONepaTopEy® (QOpUyAMPOBEY KBASMINACCKYECKOrO NpHOANSCHHA, RO-
TOpas OK&3anach Pechua SACKBaTHOH HameH 3ajave M NO3BOARET HAWTH

P

HBAYYCHMH B NPOM3BOABLHOM HEOAHOPOAHOM MACHKTHOM @Noae ¢ mo- | HOM ONEKTDOMATHUTHOM lOJAE.
MONBD ONepPaTOPHON QOPMYNMPOBKN KBASHKNACCHYECKOrO NpHOAM- Cnezyer SaMeTMTh, WTO XapeKkTepHoe BpeMA PEAMEBUMOHHOR MOAHApM-
zeEnn, loayvesHo oOmee BupaxeHEMe JAR BEPOATHOCTH pazMamd - SN OZHOTO NMOPAAKA C BPEMEHEM PAOC”H YCKOPUTEAEH CO BOTDENHMMM

NyYKaM#, HO2TOMY BONPOC O PAAMAUMOLNON NOAAPHIAINM B HeoNHODORHOM

A NOAR, FONSRER0, X320 PHE AN IRRAUSIAAY B AR ABiixeHMe SMEKTPOHE BHCOKOH SHEPIMM B MAINMTHOM [0A¢ MOKHO pac-

ne, MOXeT HAOXVASTHCH B COBPEMEHHNX YOEODUTEAAX CO BOTPOY- CMATPHBATD KBA3WKAGCCMYECKH, ECHM IHOPIMA MIAYYACMHX QOTOHOB he
HEMM MyuKaMu, MHOPO MEHBENE BHOPTMM 3:exTpoHa £ .
i
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: R - MPHOBGHHMN DOAMyC KpuBEsHM, H = MarsmTHOe [ \ie. B oTOM

t CAYNAE MOXHO OMMCHBATH ABMECHME JNCKTPOHE C HNOMOMBY KAACCHNECKMX
xapaxrepucTiK. [ocKOALKY B0 BCEX CYMECTBYOMMX yCTAHOBRIX HEPaBOHCT=
50 (1) BunOAEACTCH C UONBMMM B384COM, MM OFPUHMYMMCA PacCMOTpEHWEM
aTOro cayuas.

x) llozo0HaR METOARKS NpMMEeHsAach HBuurepoM [4] RAR HEXOMACHMH
KBGRTOBMX NONPABOK K MHTEHCHBHOCTH M3AYYCHMA JACKTPOHOB 3
MErEMTHOM NOJe.
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& Bupamyume aam BePOATHOCTH DEXMANMOHHOI'O NEPEXOAa SANNNENM B
Buge™’ s

dwr = & i e ey ®
% M(t} = u*(&;)(&' e )e""r u(E:) (%)

U(E) - pemenue ypassesus Aupaxa » omepaTopHOM $OpME B NPOK3BOXBHOM
BNEeKTPOMETHMTHOM HOZE, =, : = - HAYANBHOE M KOHEWHOE CIi-
HOBHE COCTORHMA. ¥

Ans ONMCaHMA CHMHOBMX COCTORHMH MM OyZeM NONB30BATBCR ABYX—
KOMOOHeHTHMMM cnuEopamy @; , @, . [ockoasky Hac uETEpecyeT nepe-
XOAH C NepeBOpOTOM CNMHA, OKA3HWBAETCA YAOCHMM MPEACTABHTH

e
¢, = e Fy g ©
re @ - eAMHMuHM] BEKTOD, NOPNEHAMKYAADHNE HANpAEASHMD OCM KBas-
TOBEHMA CMMEE & .

BunoZEAA HEOOXOJMMHE KOMMYTAIMM XEPKO NOXYUMTH CHEAYDEEE Bh-
PaxeHMe ANA MATPMYHOrO 3JeMEHTA PAAMAUMOHHOIO NEPeXoxa ¢ nepe BOPOTOM

CliuHa L
"0 = gy € ’(H"*J) ®
rae —
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Buano, uro Bupazenue (6) AnA MATPYYHOrO JAEMEHTA NMPONOPUMOHAABHO fi ’

NOJTOMY HOKOMMyTaMEd BXOZAMMX ONEPATOPOE MOXHO MPEHEOPEys ,NOCKONb=
Ky yYeT ee A20T MONPABKM BNCNErO MOPSAKA MO h , KOTOpHE HAC He
HHTEDECYDT.

B unrerpane (3) 0CHOBHOM BRNAA ZaeT 00AACTH Wl -ﬁ).(i‘.-to)-f
NOBTOMY MH OyAeM pauiaraTh Bee :xoﬁuln BeNTHYMEY N0 CTENOHAM W,Z°
4T0 COOTBOTCTEYET PASIOXEHMD 0O -  , M OCTEBARTH TOABKO cTapume
YieHH pasnoxerma. Kpowe TOro, xax 3To OOWYHO ZenaerTcs NpH %
HMH KNACCHYECKOrO WBAYYOHMH, MM OyAeM npeHeCperars nuw

!H!c/, | <<t (8)

X) B pamsueltmen c = I,
é

rae [_l:l"{ XapaxTepHsyeT MaMeHeHNEe MAIHNTHOrO NOAS HA TPACKTODHM.

ECau noze omMcHBATH Yepe3 NOKASATEAs HOOAMOPOXHOCTE /' , TO yo=
zosse (8) mmeer auz ”/r <oy e
, o

Hac mETepecyer NOAMAA BEPORTHOCTS DPAXMALKOKHOrO HEpPEXOAR C
[NepesopoTOM CHMHA, HODTOMY MH HPOCYMMEDYyEM 20 HOAApRIauMaAM GOTOHA
M OpomsTerpupyeM no ero mMnyancy. llocneasee OKXa3HBAETCE YAOOHuM
BMIOAHRTS A0 HHTOIDHPOBAHMA N0 2 | BocnombsoBasmuchs fopuyzofl

Se“‘(“é‘)f(k )J—'L- = - f(i'ﬂ}) s (9)
y'= - §

Hocze aTory MMTerpupobaHMe N0 2°  CBOANTCA K B3 ATHD NPOCTHX
KOHTYDHMX HHTEIDaNOB. B wTOr't moayvacM caeiyouyo $opMyany Aas nom-
HOd BEDPOATHOCTH DaAMuLUMOMMOrO HOPOXORE O MEPEeBOPOTOM CNHHA B exN-
HUIY BpeseHu

Ik et @) o

B oanopoanoM MmarsMTHOM noze supaxesue ( IU) HOPEXOAKNT B Mo—
BOCTHYD BEDOATHOCTH PAAMALMOHNHOID napexn.u C NepE&sOpPOTOM CNHHA ANR
cayvaes nunupe*muﬂ NOXAPHIALMN (z;'ﬁ') = 0 ¥ NPOACABHON MOXRpH3a-
we (F%)=1{ &A% EEKTPOHOR e<O ¥ NHO3UTPOHOS €>0 [2].
B HEOZHOPOAHOM MArHATHOM NMONE COXPAHAGTCH BNBOA, UTO AXR NPOAOAS~
HOR OOAApH3aMM (t;#)"f BEPOATHOOTS PAXHOLHOEHOIO NEPEXOAa ©
REPOBOPOTOM CHMHA HE 34BUCHT OT OPMEHTALMN CIMHA, B TO BPeMR KaE
AR NonepevHOd NONAPMBALNIM TARSR SABHCHMOCTSE,BOOORE TOBOPA, MMeeT
M8CTO.

Bupaxemse (I0) copepxur PeauysHH, 3asMcEmMe 0T BpeMexE. Hac
X8, ©CTECTBEHHO, MHTYOpPECYeT cpeAHee no spemeHu. Aas odmeroc aNaaxsa
PaAMANKOHEON DOAAPHAIMN B KOHKPOTHHX YCAOBHAX HEOOXOZMMO DEEMTH
KXGCCHMYOCKN® YPaBHeHMS ABMXOHHA YACTHUN M Bexropa cmusa /57, noz-
orasuts KX 3 (I0) % opomecTs ycpexsexue no Bpemenx. B cayuae ax-
CMENBNO QHMMETDMYHOPO CAE00-(ORYCHPYOREIO HEOAHOPOANOrO MAIHMTEOIO
HONA CPeiHee N0 BPOMCHM BHPAXCHME MIR BE POATHOCTH DAANANMOMHOIO
napuuxn C NepeBOPOTOM ONMHA C TONHOCTHD A0 HONPABOMHMX GIEGHOB
a /k‘ ( @ - aumanryza nonepevdsx xomeanufi, F = cpea-
HE pPaAMYC EDUBMBHH OPOMTH) HMMEET TAKOR Xe BMX, KK B OAHOPOAHOM
MArERTHON Hoze (3 xauscTme papkyca BxogM? P ). Bemwuumy 9@ /5
BOCHMA MALN (IO"'" - IO"'") AAR BCEX COBPEMEHHHX YCTAHOBOK. :




Taxun oOpasoM a¢dex? pagwamMoHHON NOAAPHAALNE, BOOOWE IOBO-
PR, MMEECT MECTO M B HEOAHODOAHOM MAPHMTHOM nOXe M, CAEZ0BATCIBHO,
MOXET HAOADAATHECH B COBPEMEHHHX HAKONWTENAX, €CAM YCTDAHMTD BiMA—

HMe Aenonspuayomux gaxropos /6/.

6.

RADIATIONAL POLARIZATION OF ELECTRONS IN
AN INHOMOGENEOUS MAGNETIC FIEID

YN, BATER V¥, KATKOV

ABBETRACT

The process of electron polarization due to radiation
in an arbitrary inhomogeneous magnetic field is considered.
by the method of operator formuliration of WEKB-approxima-
tion.General expression for probability of radiation spin-
~f1ip transition in arbitrary magnetic field is found.It is
shown, that the radiational polarization may be observed in
modern colliding beams accelerators.
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Electrons and positrons when moving in magnetic field can be
polarized due to radiation. The polarization arises due to the

fact that the probability of radiational spin-flip transition
depends upon orientation of initial spin.The existence of the ef-

fect of radiational polarization in the homogeneous magnetic field
was first pointed out by Sokolov, Ternov and coworkers in /7,2].

Radiational polarization was also considered in the paper [3}
where the authors of this paper formulated an approach which
essentially takes into account the quasiclassical character of
motion of high energy electrons in the magnetic field which allows
one, in principle, to consider the radiational polarization in
the nhmpgmnun magnetic field.

In the present paper an operator formulation of the quasiclas~
sical approximation *’ has been used in the development of the
approach of the paper /3] , which turned out to be adequate

x) Bimilar methods were spplied by Schwinger [4] for finding
the quantized corrections for the intensity of electron radiation
in the magnetic field.
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with our problem and sllows ene to find the probability of spin- H(&:) H(i"';":j are the solutionsof the Direc equatiem im arbit
: )

£1ip radiational tramsition in an arbitrary electromagnetic field. ry elect etic field in operator form; E , &; the imitial

It should be noted that the characteristic time of radiatie- and finite spin states.
nel polarization is of the same order as the time of operation of For the description of spin states we shall make use of
colliding beams accelerators, therefore the problem of radiatio- P 22 T ?; ’ ?1- . ‘since we are interested
nsl polarization in the inhomogeneous magnetic field, is of great {a the spin-flip trensitions it will be convenient to
practiIcal importance.

The motion of high energy electron in magnetic fisld may be e o .

: ; ¢ Z . : a )

regarded quasiclassical if the energy of radiated photons is much . | l?? e .f'* X ‘Cu‘a )?‘ G)

less than electron energy where QO 4is the unit vector, ortogonal to the direction of

the axis of the quantisation of the spin E-',-" .

3
W o~ W (&)
tm sk > 'l By fulfilling the required commutations, one can easily
- obtain the following expression for the matrix element of the
ere
spin-f1ip rediational transition ( s.f.5.)
E ¥ e’ -
3 ° ) (2) k k3 —5
m et R . (o W BN Iy (6)
H( ] 2(Evm) ( ?l )
R — instantaneous radius of curvature, H — magnetic field.
wh
In this case one can describe electron motion by means of classi- e
—y —
cal charascteristics. 8Since in all the existing machines the | _ é-;"'_ % ;[Ef} , q'._ E*: p) L )

value 5—;’-— is extremely smail, we shall restrict ourselves to
consideration of this case. '

) It is evident that the expression (6) for the matrix element 1s
The expression for the probability of radiational transition

proportional to t , therefore one can ignore the non-commuta-

w11 be written down in the forme™
sk so(tts) t.on of the operators involved since i ; taking into account gi-
J#' -(_:KEI w <i’ IJt" J‘Jtl e H@‘)H'(tl)“-> (3) ves corrections of highest order with respect to t s Which
3 are not interesting to us.
— iy, = —1‘-&? —
H(t) = U+(¢1)(ﬂe}e "-‘(#.-) ) In the integrel (3) the main contribution is given by the

region .7 w @o(fi-tr)~-, therefore we shall expand all the
incoming values in powers W, ¢" , which correspond to expansi-

on in "/E and leave only the expansion termms of highest or-
i

x) For the further C =1,
|0




der of magnitude. Moreovery as it is usually accepted in con-
sidering the classical radiation, we sghall ignore the temms

If{”lz-/m._[ << { (8)

where ”-T'l characterizes the change of magnetic field on
the trajectory. If the field will be described by the index of
inbomogenity "a", then the condition (8) has the form /[y <<{

We are interested in the total probability of 8.Lf.t.,there~
fore we shall sum over photon polarization and integrate over
its momentum.The later turns to be convenient to perfors up to
the integration over @ with the aid of the relation

[ E s B = fPE s =8 o

After this procedure the integration over g is reduced to

taking of simple contour integrals. As a result we obtain the

following formuls for the total probability of s.f.t. per
unit time

J.,J;_ ? 5'6‘ :l( lf’{ G;ﬂ.)_ !ﬁ Q;DFJIC‘IU}

dt

In the homogeneous magnetic field the expression (10) has
been transformed to the known probability of the epin-flip madi-
ational transition for the cases of transverse polarisation (c:w-o
and longitudinal polarization(&¥)s({ for electrons € < O and pogi-
trons €> 0/37.In the ingomogeneous magnetic £ield it remains that
for longitudinal polarization the probability of the s.f.t. does
not depend upon spin orientation,while for transverse polarization
such dependence generally takes place,

The expression (10) contains values which depend upon time.

#e are naturally interested in the mean velues over

time. For general analysis of radiational polarization under
specific conditions , it is necessary to solve the classical ecu-
ations ©f motion of particle and spin vector /5/ to substitute
them in (10) and to carry out aversging over time. In the case
of axial-symmetric woak-focussing ingomogeneous magnetic field,
the average expression over time for the pm‘h:binty of the s.f.t.
with the accurecy up to correction terms ~ -E-;- ( a 1is the
smplitude of trensverse oscillations, K  mean radius of orbdit
curvature) has the same form as in the homogeneous magnetic field

( R enters as a redius ) . The quantities “/5’ are
extremely small ( '10"3 - 10'“'} for all modern machines.

In thia way, the effect of radiational polarization, gene-
relly speaking, also takes place in the inhomogeneous magnetic
field and, consequently, may be observed in the modern storage
rings, if theeffects of depolarizing factors were eliminated [6_? .
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