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Experimental background: Novosibirsk VEPP–4 experiment (1984)1
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■ - the sign of the field in the central gap [of the ‘snake’] coincides with the sign of the

storage ring guiding field; ● - 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.
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LS: SQS’05, JINR, Proc. Int. Conf., 
B. M. Zupnik ed., 344 (2005);
Int.J.Mod.Phys. 37  #15 (2022)

2. Conceptual scheme of separation

Radiation reaction
Effects:

← Landau quantum number



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

Isotropic factors like

do not enter the distribution 

The probability 
distribution of 
spins within 
the elastically 
scattered 
electrons



3. Spin-orbital interaction

Langevin approximation



Remark (LS, 2016):
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The (laboratory) running time:



4. Effects of spin-spin interaction
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a) neutron, F= const
b) electron in Wien filter

V. Lyuboshitz (1966)

V. Bordovitsyn, V. Gushchina (1994)
A. Lobanov, O. Pavlova (2000)

I.Ternov, V. Bagrov, A. Khapaev (1965)

C l a s s i c a l  d e r i v a t i o n  ( o f  
s p i n - f l i p  p r o b a b i l i t y  r a t e  &  
r a d i a t i o n  p o w e r )  i n :

Uniform motion

Symmetry: (k=b, c=0)

“1/4 - rule” → full Q↔C coincidence

( for neutron case)
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(Frenkel)

Quadratic spin terms contribution (charged magneton)



5. EP vs RP: comparison

Total radiation rate 
of  electron:

J. Schwinger, W. Tsai   (1972)

A. Sokolov,   

I.Ternov (1963)

V. Baier,   

V. Katkov,

V. Strakhovenko (1970):

Do not contribute in EP
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Neutral magneton,

Circular motion, 𝑯 ≠ 𝟎

Residual 
depolarization?



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 ( 𝜆 Ԧ𝜁 in EP , and 𝑊↑↓( Ԧ𝜁) in RP)

ii. The straightforward application of EP mates with the loss of about  𝑵𝟎(𝟏 − 𝒆−𝝀𝑻)
particles by the moment T (and this is the main drawback of the scheme).

iii. The advantage seems to be the reduction in the temporal expenditures: the running time

of EP process, 𝑇𝑠𝑜 , is much less than the running time in RP process:

( 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 depolarization does not take place within EP scheme giving for the
asymptotic polarization:

Conclusions
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