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NOJYYEHWE MPOJOJNbHO-IOMAPH30BAHHHY SAEKTPOHOB K NOSHTPOHOB
C MOMOIEBY HOBOT'O MEXAHVM3MA PAJMAIMOHHON TNOMAPUBAILMH

fA.C.Jepbenen, A M.HKommparerxo

AHROTAOHKA

PaccMOTpeH cnocol NOAYYeHES NPONOARHOR MOAfDHSanWy Oe3 Be-
KaxeHNEs OpOATH Iy4YRa, B KOTODOM DANNANEOHHAR NOAADH3&NES NOA-
HOCTED O0H38HA NOAADHSYDHEMy MeXaHE3My, OCHapyXeHHOMY &BTODAME
pagee (I973 r.). B mpaMozEHeRRN# NDOMEXYTOK HARKODHTEAS BBOXETCS
NOCTOSHHOE HDOEOABRHOE MATHATHOE HOAe, NOBODAYNBAKMEEe CHEH HA IOA-
000pOoTa BOKPYT CKOpPOCTH. [IpH 3TOM B HNpPOTHBOZEXAMEM NDOMEEXYTEKE D&B-
HOBECHAS NOAAPDHSAIHMS HANpDABJSHa BXOAB CROopocTHE. CTemnenr NOASDE3&-
I¥E MOXET FOCTHraTk 62 + 67%.




IffexT pagUANHOEHOR CaMONOASDESANEE VALTDADEASTEBECTCREX
S1€KTDOHOB ¥ HOSHTPOHOBR B ONHODONHOM MATHHTHOM moae OHA ofBapy-
xeH A.A.Coxoaosum 2 U.M,.TepEomsm B 1963 r. Jarsuefimme TEOPeTEIE -
EKHe ¥ SKCHCDHEMEHTAABHNE WCCAGNOBAHHS DENEAIEOHHOR DOAADESANEER B
HeOIHOPONHHX NOAAX UOKASAAH, WTC, HDE BHIOAHSHHE ONDemeASHHEYX
TpeGOBAaHER, B DeAAbHHX HAKONETEARY OJeCHeYMBASTCH BHCORKAH CTENEHD
DOAADHSANEE, :

B OCHvYHNX CHTYANESX C MAXHME OTKEORGHEIMY HANDABIEEHES MATHET-
HOT'O OOAf OT SKXCEAABHOrC HBAyYEHEe NOASDHSYeT YACTENH HONepex
CropocTH (Boas moas), Jas PESHKE BHCOREX SHeprmll Goxsmoff mETe-
pec UpepcTaBAfET TARXe HOAYICHHS NDONOABHO-NOAADH3OBAHHHX NYYKOB.

B padorax /I,2/ OHAO HORA38HO, YTO B HARONETEAAX H YCKODHTe-
AfX MOXHO HOAyYaTh (BBONS NONOAHMTEXBHNEe IOXHA) XpGoe Tpedyemoe
HAUpABAGHNE NOASpESamEs /I;(4) » sajammoM MeoTe opOETH (¢ asmMy-
ToM ¢ ), EEHAMEVeCKH ycrofiumBoe B He MeHBEed CTemeHH, JoM 1§04
HBEXCHEE B NOYUTE AXCHAARHOM MAIHETHOM IOXe.

- [pocrefiumme npemepaMe TOAYISHEE NDOEOASHOR OOAADESAIME HB~
AANTCA CUOCOOH, B KOTODHX NOBODOT CHMEA OCYMECTBASOTCH DANBEALEHEM
MATHETHEM IDONOM, BROEOHEEM B NDAMOZNHeRRWE npoMeXyTOR, ¢ moCie-
IyXuEe BOCCTAHOBAGHESM ODMEHTANNN cUENA (¥ OpOETH) HAa BHXOEEe H3
npoMexyTRa /2/. 3mecs moADEsAmED ofecHeuEBAeT OCHYHEE MeYaHESM
OpEMOT'O BP3aEMENeBCTBEN CHEEA ¢ E3AyYeHEeM, ODHSHTHDYEEER CHEE Ha
CCHOBHOM YJaCTKE BXOAL BOXAVNEIO HOAA.

HeczencBeuNe pDAZNamNONENY 3@$CXKTOR B HDONSBONBENX HEOEHODOH~-
EHX OOAfX OORAS&A0, UTO CAMONOAADH3ANHSA MOXET HMeTh MECTC ¥ B He-
KOOETeAdX ¢ COZBMEME OTKAOHOHHAME HANDABACHEA DABHOBECHOR HORADE~
S4UME HA OCHOBHEX YYaCTEAX OT arcHausNoro. IpE sToM ofHapyxerm xo-
NOZHHTOALHEE sQDeXTHBENE MRXAHNSM DANHAIEONHOR HOASDHSAIEE, BOOC-
e OTCYTCTBYDMME B DOYTH NOCTOSHHOM HC HANDABASHHED MATHETHOM HO-
ze /3/. pPexT HMPeT KAGCCHIECKY® MHTeDHDETAUED ¥ OOSSH SaRECH-
MOCTH CHNAN DENNANEOHHOI'C TODMOXGHEN OT CHEE&. B caysasx, Korma
HAUDABAGHEE /7;(4) He COBNAEAOT € OCHD BDAREHER CEODOGTH, 3»TO Ha-
OpaBieHEs » BCASNCTBHE 3GBHCHMOCTE OT TDRSKTODEE YACTHIN,
OKABHBAeTCH DESOHAHCHEM 00DASOM NDPOMOXYAMDOBREEEM (0 920TOTOR
OPeHeCCHEE CUEHA)., 9TO UDHBONET K NOSBACNNR XSKPeMOHTS ( HEKpeMSH-
T&) JTEA MOXNY CUEHOM ¥ l_’f, -+ B ompemexHNMY CHETyauEgx, EOrEs
O0HIEER sddexT CAMONCAZDHZRNEE NOXHOCTHE OTCYTCTEBYST, ONWCAHENE



MeXRHESM MOXeT OCSCHeYNTH BHCOKYD CTOHeH: DOASDE3SLEH.
PacoMOTpEM DpEMSD NOAYYSHHA NDOFOALHOR NOASDESAIME, B KOTO-
POM PaEBanROHHAS DOASDH3ANES HOXHOCTHD C0A38HA BTOMY HOBOMY Me-—
XaEHsMy. llyoT: B HaEERONHTeNE HMENTCH XBA NPOTHBOASEAMEX HDAMOLE-
Hellunx mpomexyrxa I u II. Beegem B npomexyTox I DDOZOABHOE MAT=-
HETHOe mone /, Ha yawme / , moBOpauEBammee CHEH H& IOX0GODOTA
BORDYT CROpOCTH. TpeSyemas BeiANYEES NOARS DaBEa (A8 SAERTDOHOB
H OOBHTDPOHOB) :

. CHe= 26-107 7 = rayec x werp

rre 7 =(I1-0U ) % - peasTEBECTCRER Paxrop (CcrROpDOCTE GBeTa

C = I). PapmoBecmas ycroffumpag moaspusamms 5, , COrAacHO odme-
My pesyAsTaTty padorH /I/, SBadeTCH HePHOXEYSCKEM DENeHEeM ypaBHe-
HER JBUECHEA CIOEH& 4YacTHiH Ha sameEyToff oplETe, XOTOpOEe CymecT-
BYeT B SHMHCTBEHHO. HeTDYEHO HDOBeDHTH, YTO NEDEOXRNYECKEM OyzeT
IBENSeHNEe CHEHA, ODHe HTHDOBAHHOI'O B TPOMEXYTKE II BxoAs CEROpPOCTH,
Ha OCHOBHKX YY8CTRAX BERTOD /7.(8)= A5(8+2) nomepedsr & Bexyme-
My HOOAD, ODEYEM er0 ODHEHTAIMA B HAOCKOCTE ODOHTH 38BHCHT OT
sHepruE /2/.

Indoe Zpyroe EBEEeHEe CoER: HE& panHoRecroR OpGETe mpeIcTAB-
igeT co6of mpemecomD BORDYT /7. ﬁfif =¢) . KpoGwas 4acTs
cpemme® wacToTH sToff mpemeccum Y B paceMaTpEBaeMOM OpEMEDE DAB-
He I/2 (B emEEENAx YacTOTH OCpameHNHf WACTHN B HaRONETeZe) HeSARH-
cumo ot smeprue ( V = I/2). B 5TOM HETDYREO JOGNHTECH, NDOCIENUB
38 NEUEGHHEM COMHA, HONEDETHOrO K /7. ® HAHDABAGHHOTO H& OCHOB=-
HOM y9YacTHe BXOAB BEXYMEro NOAS: COEH Yepe2 oGODOT TACTEIUN ORQSH-
BAETCH IepeRepHYTHM, |

Honepewsoe r 5‘; IBHxXCeHNe CHOFHOBR YACTHN ¥3-34 paszfpoca Tpa-
exTopEl B DyYRe pasuennnaemz. ¥ HOASDESAIES HYyYKa OKASHBACTCH
HanpaBieHRof BEOAB /7, 7. (8). WHTEDeCHO OTMETHTE, UTO B HTOM T pHMe -
Dé HBHEEeHHe CHNAHA NEHAMWYeCKN naxe Goaee yoTofluwpo, Wem » odygnoft
CHTYAHEN OXHOHANDABAGHHOI'C MATHHTHOI'O HOAA: BCE CHOEHOBHE DeSOHaH-
CH, B TOM YHECHe E ¢ CEeTATDOHHEME I'aDMOHWRAME, $ERTEYSCEE CTAHO-
BATCH HEBORMOREHME, ¥OO DE3OHAHC OBHAYAA OH ONHOBDEMEHHO Heycmﬁ._
YEBOCTE ¥ ODOHTANBHOTO JIBEXSHES.

OCmuk amaa¥s KEHeTHEE DAIWANEOHEOf HOASDHSAIVE, C VIeTOM

BCEX CYMeCTECHHHX HOAA[WSYDEMX ¥ HeNoAADHSyRm¥E feKTODOE, NDE XBM-

XCHHY B HAKOHNETeNAX C NPOH3BOINLHHME HOAAME, IIDOBEHEE B padorax

Rk

/3-5/. B nHepesoBAHCHO# CUTYaIEE CTeNeHNh DaBHOBecHOfl moagpmsamus
¥ BPEMA €€ YCTaHOBAGHES | OHDeXeAAnTCH GopMyzamm /3/:

Tew oty ™ TE
== PRV FIEE] (7 - 27/97) )

«v= S pY (Bt - § A5 & (rrrer)])
(I)

S

3mecs croSrm <.,, ) OSHAYADT yCpeAHeHEe BEOAS OPOETH, /1 - ma-
NpaBfienRre OCH DIpemeccH¥ CNEEE, ABAAMmeecs JyExu@eR xoopmenaTt =
HMITYABCE ¥ ONpeNieAfeMoe ¢ y9eTOoM OTRAOHEHHS TDAGKTODEN YACTHNH OT
mBHGBBCHGﬁ (na paBHOBecHO} ODGETe /4 = /i (6) ). OrrRucEeRme
7=, MAJ0 ¥ MOEET OHTE HAfiNeHO NC TeODHH BO3MYmeHHE /4/.

B gopuyaax (I) unemu, He comepmamwe ( »?4/27"), omecupamT mpmMoe
BosgefcTEES nangqem Ha coEE /6,1/. YaeH B ofy , DDOHODHEOHANL-
mukt ( 7 27/97)°, yaurssaer memoaspmsyumee BosEeBCTEEe XAOTHIEC-
KEX CKRAYKOBR TDAeKTODWE, BOSHHRAWEEX F3-32 KBSHTOBHYX GayrTyvamms
usAydeHEs /7,4/. Haxowen, uaen ¢ ( »?//77) B o _- coorsercrmyer
ZONOAHUTEABHOMY MEeXAHH3MY pamvammoEEol moagpesamus /3,5/. B ommo-
DPOEHOM MAPHETHOM IONE ;,?f?'/fiﬁ'-‘-' 0, R=- gj;f}"]/lf;] , B DapEO-
BeCHAf CTeNeHhr NOAADESANNE paBEa 92%.

B paccmarTpuBaeMoOM n‘pmepe H& OCHOBHOM YYOCTREe HampaBieHUe n
NONepeYHO K BEXVWEMY HOAD /7 [57 =0, B HpamMoe meficToée Haayde-
HEA HE CIMEH Hé MORET MOAADHE30BATE Oyuox. CTemer: paBpHOBeCHOR moag-

DEBaUEE onpeneaseTcs gopmyzoft
e § UATPBE] 27/ 02>
533 @1- dormr e L prasr) 1)

Benwumna ;"7ﬁ/ ‘7 onpemeiseTcs doxycEpymmelk crmcremoll maxonurens.

B oGnacTe EeBHCOKNX dHeLTHE (7% 39 /¢-d =/0%) Iy ?’r/iw-h:
llpe Gonpmmx BHeDruSx, BOOOHE roBopsd, /;.?h/q;r/ P3-2)>> 1 .
OnmHaxo, crenmaibHHM BHOODOM @oxyunpmai CHOTEeMH MORHO ymﬂmm
;vw/af A0 BEANYHHH HODANKA eNHWHHIMN ¥ OCeCHeYET: BHCOKY® CTeHmeH:
PABHOBECHOR NOAADH3AUFH,

(2)



Hecnegosanwe $opMyas (2) Ha SECTDEMYyM NORAWHBAST, YTO MAKCH-
MyM CTONGHE X0 Fpanrpy' 573/’3‘;" AexET B obxacTH 62 + 67%. Ipm
9TOM BERTOD 7?7/77’ HA OCHOBHOM YYACTKe HANDABAGH BEXOAB BEJyNEro
HOAZ ¥ DO BeANYEHe DABeH: . :

\pripp| = [ (e =)

rie . ¥ = p(9-2)7 - yroa moBOPOTA OUNEA BOK[YT BEPTHRANLHOTO Ha-
Upal eHES HA OCHOBHOM yYACTEE HAKONETEN.
PRCCHOTDEM, HAUDHMED, XeCTROJOKYCHDYDENE HaXONETEAB CO CAe-

ryomEMy cpoficTEaME MarpmrEcf cEcTemu, Bmulepes moxasaTeah omaza
' WOAR HA VYACTRAX ¢ BEPTHESABHEM NOAEeM DABHHM €HWHHIE

(ReH/H¥X = -I), a §OKyCHNpymEEE PAEMSHTH B HDOMEXYTEAX MEXAY
STEME YUACTXAME BNODAEN TAK, WTOSH JraoBHe OTRACHeHEE X (B
DZ0CKOCTN ODOHTH) HE BXONe ¥ BHXOHE ¥3 K&XEOTO IDOMEXYTEA OHAX
OREHAKOSHME, 38 HCKIDVCHEEM YYACTRA ¢ BBOHGHHHM NDOXOCALHHM HOAEM.
B 370N y9ACTKE BROEATCH NONCAHETEAbEHE BJIEMEHTH, EOMISHCHDyImEe

X=-F CBE3b, BHOCHMY® DDONOABHEM HoxeM ¥ ofecHeYEBANNEE BepPTE—
KaABHOS HANDARNeHEe ;»?/7/37» He OCHOBHOM ylacTre. B raroff cmcre-
Meé MOXKEO T&xge ofeCHevsTh JWHAMEYCCKYD ¥ DONEANNCHHYR yCToHdE-
BOCTE ODOETAARHOIC EBEEeHES, Jif CTeHSHE DapHOBReCHOR HOASDHI&NUE

HOAyuaeM:

s /
$ 5/F 8_ sm® M55 2%
g . s T 2

lps sHeprEax, KOTER 2% = 9(g- %j")/fm‘ , NOCTETAETCE MAKCH-
MAAMHAY CTeHeHh NOASDHESAUNE, & BpeMd HOASDHBAINE CTAHOBETCS IDE-
MEDHO B XBa DAsa MensMe, YoM B HARONETeXe 063 NDOXOABHOTO HOAA,

Opnzcamau$ cpocol ypodeH TeM, YTO HPOXOARHAN NWOASDHSAODHS OCYy-
WeCTBASETCE B XPYroM DIDOMSXYTE® HAa BCcef erc jamEe, Oe3 HCEaxeHER
pABEOBECHCOR opOETH.
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LONGITUDINALLY POLARIZED ELECTRON-
AND POSITRONS FROM A NEW MECHANISM
OF RADIATIVE POLARIZATION

Ya.S.Derbenev, A.M.Kondratenko

ABBTRACGCHT

Results are reported for obtaining longitudinal
polarization without beam orbit distortion in which the
radiative polarization is entirely due to pelarizing
mechanism discovered by the authors in 1973. In the
straight section of the storage ring a constant longitudinal
magnetic field is introduced which turns the 8pin for half |
a turn around the velocity. In the opposite section an
equilibrium polarization is directed along the velocity.
The polarization GEgrée may achiva-ﬁE—G?%;



G

The effect of radiative self polarization of ultra-rela-
tivistic electrons and positrons in s homogeneous magnetic
field was discovered by A.A.Sokolov and I.M.Ternov in 1963,
Purther theoretical and experimental investigations of radia-
tive polarization in inhomogeneous magnetic fields showed that
under some conditions a high degree of polarization can be
achieved in real storage rings.

In the usual case with small deviations of the magnetic,
field direction from the axial direction, the radiation pola-
rizes particles in the direction transverse to the velocity |
(along the field). For high energy phyeics the question of ob-
taining longitudinally polarized beams is also of great inte-~
rest.

In references /1,2/ it has been shown that in storage
rings and acceleratnrs one can obtain (introducing additional
fields) any required direction of polarization fltﬁv at any
given point of the orbit (with an azimuth 8 '), which is no
less dynamically stable then the case with motion in = nearly
axial magnetic field.

The simplest examples of obtaining longitudinal polariza-
tion are the methods in which the spin is turmed by a radial
magnetic field introduced into the straight section with the
subsequent recovery of the spin orientation (and an orbit) at
the output from section /2/. The polarization here is ensu-
red by the usual direct spin-tadiation interaction mechanism
which makee the spin orientation along the guide field on_

the main part of the arbit.

atuﬂy of radiation effects in arbitrary inhomogeneous
fields showed that the self polarization may take place in
storage rings with large deviations of the equilibrium polardi-

- zation directlon from the axial on the main parts of an orbit.

An additional effective mechanism of radiative polarization
was discovered which is absent in a nearly constant (in direc-
tion) megnetic field. The effect has a classical interpreta-
tion and is due to upin—dapandenca of a radiative hrnktng for-

ce. In the cases when direction #:(8) does not coincide with



the velocity rotation axis the direction fa appears tc be re-
sonantly modulated with the spin procession frequency due to
dependence on the particle trajectory. This leads to appearan-
ce of the decrement (increment) of an . angle between the spin
and ﬂg . In certain situations when the usual effect of self
polarization is entirely absent, the described mechanism can
provide a high degree of polarization.

Let us consider an example of obtaining longitudinal po-
larization where radiative polarization is entirely due to this
new mechanism. Assume that in the storage ring there are two
oppositely placed straight sectione I and II, Let us introduce
the longitudinal magnetic field Hu- into section I in & dis-
tance Z .+ The field turns the spin for half a turn around the
velocity. The field value required for electrons and positrons
is equal to:

iﬁ = 26 ¢ 10"37' KGauss x m

where 2° = (1-0" ) '5' is the relativistic factor (velocity
of light C= 1), According to the general result of the work
/I/ an equilibrium stable polarization /iy is the periodic so-
lution .of the equation for the spin particle motion along the
c‘lna'ecl orbit. This solution always exists and is the only one.
It 1s easy to check that the motion of a spin directed along
the veloclty in section II will be periodic..On the main sections
the vector 5(9) ”3{9""23) is transversel to the
guiding field and its ¢orientation in the orbit plane de=-
pends on the energlz".

Any other motion of the spin along the equilibriup orbit
is the precession around Hg ( = ) ¢ — R
fractional part of the mean frequency of this precession v
in the example under consideration 1s equal to 1[ . (in terms
of the particle rotation frequency in the storage rings) in-
dependent of the energy value ( V = 1/2}. That is easy to
see by following the motion of the spin transverse to a’-i";
end directed along the guiding field on the main part of or-

bit..1ln one particle revolution the spin appears to be turned
overs,

The particle spin motion transverse to Fﬂ is intermi-
xed due to the beam trajectory spread and the beam polariza-
tion appears to be directed along f'?_; ( & ): It is interes-
ting to note that the spin motion in this example is more sta-
ble dynamically than that in the usual situation of a gingle-
~direction maegnetic field: all the spin resonances (including
those with betatron oscillations as well) become practically
impossible since the resonance would mean at the seme time an
instability of the orbital motion.

The general analysis of the radiative polarization

with an account of all the existing polarizing and depola-
rizing factors in the storage rings with arbitrary fields has
been carried out in the works /3,5/. In the non-resonance case,
the equilibrium polarization degree { and the time of its
gsetting | are defined by formulas /3/:

e "{—/“‘('!‘ y T"'—' 'x-i

- K(EYPIBEEB (- p37 /)y
v = E2 4 (RN P[1- §AO B (p97/77])
Here brackets< ..>mean an averaging along the orbit, r"? -

- is the spin procession axis direction which is a function of
coordinates and momentum defined with an account of deviation
of the partigle traj EC‘tGI"ﬂ' from the equilibrimn one (on the

equilibrium orbit 22 = f?sr"e)) The deviation #Z-# is small and
can be found by the perturbation theory . In formulas (1) the
terms which do not include ( 7?%/27) describe the direct ra-
diation effect on the spin /6,I/. In the term proportional to
( f?ﬂ/?f) takes into account the depolarizing effect of sto-
chastic trajectory jumps which can appear due to quantum fluc-
tuations of radiation / 7,4/ . Finally, the term with (7’3!?/?79
in of-corresponds to the additional mechanism of radiative po-
larization /3,5/. In the homogeneous magnetic field ;'?H/’Jf g,

7= zrxr_r/[u] y and the equilibrium polarization degree
is equal to 92%.



In the example under consideration the direction # on the
main part is transverse to the guiding field
and the direct radiation effect on the spin cannot polarize
the beam, The equilibrium polarization degree is defined by
the formula

50 W FxF poml1>

. . . (2
5«"3‘_ P-4 F0* + 2L (paiipap)T)

)

The value f?!?/‘a/'" is determined by the_focusing system of
the storage ring. .

In the region of low energies (;)5&«@"2)-‘703) = If’?!?/’)fllrwj[_
With higher energies, generally speaking, ‘r’aﬁ/’?p|}>1 = s
Though, by the special choice of the focusing system one can
reduce to the value of the order of unity and provide a high
degree of equilibrium polarization.

The study of formula (2) showed that the maximum of J}
lies in the regiuh 62-67%. The vector /v’ii?/ﬂj' on the main
part of the orbit is directed along the guiding field and its
value is:

o= (- 22

where c;lb: ,:;'f@—-.z) is an angle of the spin rotation around
the vertical direction on the main section of the storage

ring.

Let us consider, for example, the strong-focusing storage
ring with the following properties of its magnetic system,
Let us ckoose the field decreasing factor on the sections
with the vertical field to be equal to unity ( RN /HaIXx=-1)
and the focusing components between these sections are chosen
in such a way that angular deviations X' (in the orbit plane)
on the input and output of eachsbrwight section should be the
oame except the section with the longitudinal field introduced.
In this section the additional components introduced to campensate

provide both dynamic and radiation stability of the orbital
motion., For the equilibrium polarization degree we obtain:

r= 8 £ i F
3§ pe o M
g - AR T <
o) (et ; .2 8 Qi P : .
With energies when 3% T= W{g— T), the maximum polariza-

tion is achieved and the polarization time becomes less by a
factor of two than in the storage ring without longitudinal
field.

The method presented here is convenient in that longitudi-
nal polarization occurs in the other section along its 1engfh.
without equilibrium orbit distortion.

The authors wish to thank academician A.N,Skrinsky for
valuable discussions during the course of this work.
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