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Polarization through the elastic scattering in magnetic field
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Conceptual scheme of separation: effusional polarization
Spin-orbital interaction

Effects of spin-spin interaction

EP vs RP: comparison

Remark: no residual depolarization in EP
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1 Experimental background: Novosibirsk VEPP-4 experiment (1984)
A. E. Bondar,
B. A. L. Saldin Nucl. Instr. Meth. 195 577 (1982)
. S.A. Belomestnykh,
depolarizer A. E. Bondar, M. N.
bunch 1/ i B. Yegorychev et al. Nucl. Instr. Meth. 227 173 (1984)
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Nuclear Instruments and Methods in Physics Research 227 (1984) 173-181
S.A. Belomestnykh, A. E. Bondar, M. N. Yegorychev et al.
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m - the sign of the field in the central gap [of the ‘snake’] coincides with the sign of the
storage ring guiding field; e - the sign of the field in the ‘snake’ is opposite to the
storage ring guiding field. Within the time interval (a,b) the first bunch is depolarized.
In the time interval (b,c) the depolarizer is switched off. Within the time interval (c,d)
the second bunch is depolarized. Starting at the moment d both bunches are
depolarized simultaneously.



2. Conceptual scheme of separation

exp(tAW) = exp (%// JDCJ) : ‘e(iAW)‘Q — o~ 23AW

.orb .3 LS: SQS’05, JINR, Proc. Int. Conf.,
J@(ZC) — Jo (33) 5 ja(x) B. M. Zupnik ed., 344 (2005);

Int.J.Mod.Phys. 37 #15 (2022)
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If no gain is imparted to the bunch, the number of particles moving along
the unperturbed trajectory is to be gradually diminished to help confining
the particles with ‘rightly’ orientated spins over the designed orbit
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3. Spin-orbital interaction
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Langevin approximation
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The (laboratory) running time: s — 2\/§aB’YX_2 ~ 0.1 = 1ms
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4. Effects of spin-spin interaction
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Uniform motion

Symmetry: B —— k‘C_Q — bC?Q) — CC,E = kCJQ_ (k=b, c=0)
a) neutron, F= const MQ 3.9
b) electron in Wienfilter Agpo = 0, A\gg = 6—‘2;LHRF‘ ¢l
Tr
ED
ASS‘CE—%L 5 ﬁ Y (= \QED for neutron case)

ED
)\33|Ci_>4 T )\Q “1/4 - rule” — full Q<C coincidence

QED
WT 0 |.Ternov, V. Bagrov, A. Khapaev (1965)

\ Classical derivation (of V. Lyuboshitz (1966)

spin-flip probability rate & V. Bordovitsyn, V. Gushchina (1994)
S 3 A. Lobanov, O. Paviova (2000)
radiation power) in:



Quadratic spin terms contribution (charged magneton)
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5. EP vs RP: comparison

Total radiation rate )\QED b )\(?’Lf) —I— )\(f)

of electron:
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J. Schwinger, W. Tsal (1972)

)

J3 V. Baier,

1 SIS Ead | o V. Katkov,

et 2ToED (} ik Cf F6 == C’U) Vjtrakhovenko (1970):
A. Sokolov, C = <5(t)>

|.Ternov (1963)

A(5)=/\or+ac34}k52—bc§—cc5 piia b Shhs s oS

Dip 34
Donat contributein

B s s

)




Charged magneton
i e S W GRS o1
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Neutral magneton, )\(5) — = kC—Q T bc?z, = CC?E
Circular motion, H # 0 < 2>
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Conclusions

i. EP scheme could be used to separate charged particles according to orientation of their
spins; it is determined by the total radiation rate and could be viewed as an alternative to
RP process which is characteristic of storage ring model of spin relaxation. Both of

schemes use the spin-dependent properties of SR ( )L(f) in EP , and W;,({) in RP)

ii. The straightforward application of EP mates with the loss of about Ny(1 — e
particles by the moment T (and this is the main drawback of the scheme).

—AT)

iii. The advantage seems to be the reduction in the temporal expenditures: the running time
of EP process, T, ,is much less than the running time in RP process:

so~ 0.1 =-1ms TQEDNlhOUI’
( Torp is Sokolov - Ternov relaxation time)
iv. The total radiation rate for neutral particle traversing through the constant

background field has classical origin and coincides with QED spin-flip radiation
rate thus giving no advantage in applications of EP to polarization experiments.

v. The effect of residual depolar'iza’rion does not take place within EP scheme giving for the
asymptotic polarization: <C3)as |C|2
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