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See S.N. Vergeles, N.N. Nikolaev, Yu.N. Obukhov, A.Yu. 
Silenko, O. Teryaev, UFN 66 (2023) 109

Talks by Y. Semertzidis,
Yu. Senichev, A. Aksentev,
A. Melnikov , I. Obraztsov
this conf.



5



6



7



8



9
See S. N. Vergeles, N.N. Nikolaev, Yu.N. Obukhov, A.Yu. Silenko, O. Teryaev, UFN 66 (2023) 109



TIVOLI –exp. planned at  COSY, Tp=135 MeV; P. Lenisa et al. EPJ Tech. Instr. (2019) 6
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M.N. Platonova, V.I. Kukulin, Phys. Rev. C 81, 014004 (2010)

pd TRANSMISSION  experiment



Search for TVPC signal    in  double
polarized pd and 3He-d scattering 
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3Hed-3Hed
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On-shell  TVPC NN  interaction  potentials
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3Hed
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or 3He-d scattering



16

Deuteron form factors
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and in 3He-d:



TVPC signal  in  double polarized
3He-d scattering 

● 3He – d  has the ½+ 1  spin structure as in pd.
● Polarization of 3He in  S-wave approximation caused  solely by the 

polarization    of the neutron.
● 3He –d scattering  within the Glauber model can be considered like p-d with

replacement of the pN-amplitudes   by the  p3He ones.
● Does g’ –term of TVPC nonvanishing contribution to the null-test signal in 3He-d?
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Spin  amplitudes: A1,…, A6,htau N, gtau N , g’tau N
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T-invariance:
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Glauber theory for p3He and n3He  elastic scattering
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Antisymmetric full wave function of 3He

S23=0

S23=1

Symmetic s3 

Single scattering

Double scattering

Triple sc.



23

T-even P-even TCPC  pN
amplitudes

TVPC pN
Double scattering ~MN(q1)MN(q2)

Triple scattering ~MN(q1)MN(q2)MN(q3)

THE MOST CUMBERSOME TASK:
spin matrix elements of  products of pN spin-operators and  
extraction  of invariant spin amplitudes  of N-3He  scattering 



NUMERICAL RESLUTS  for  p3He
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Exp. data :  D.K. Hasell et al., Phys.Rev. C34 (1986) 236



NUMERICAL RESULTS   p3He
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Exp. data :  D.K. Hasell et al., Phys.Rev. C34 (1986) 236



NUMERICAL RESULTS p3He
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Exp. data :  D.K. Hasell et al., Phys.Rev. C34 (1986) 236
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Exp. data :  
D.K. Hasell et al., Phys.Rev. C34 (1986) 236



● pd elastic scattering within the  spin-dependent
Glauber theory 

● Extension to 3Hed  elastic scattering via
replacement of pN by the 3HeN amplitudes
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Double polarized scattering
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TVPC Null-test signal  in 3He-d scattering

31

pd : Yu.N. U., J. Haidenbauer, PRC, 94 (2016)

' , ,N N NC h gτ τ τ p3He-, n3He- elastic
hN, gN- terms- only
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g’ –term of  TVPC  in 3He-d.  Charge-exchange pn->np

TVPC

ˆ ˆ3 | ' | 3 3 | ' | 3Hen g Hp Hp g Hen< >= − < >

FTCPC(n3He→p3H) = FTCPC(p3H->n3He)

= 0

g’-term in 3He-d  vanishes like in pd
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TVPC p3He amplitudes
hN type



NUMERICAL RESULTS FOR ENERGY 
DEPENDENCE OF  THE TVPC 
NULL-TEST SIGNAL IN 3He-d SCATTERING
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Null-test signal  for TVPC in 3He-d scattering 
(in preparation)

gN

hN

hN

gN
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Contribution of the
S- and D- components
of the deuteron w.f.

S-D interference is destructive



37

CONCLUSION:
● 1x – scattering dominates in the null-test TVPC of 3He-d .

● mixing of hN and gN terms in the null-test appears  only in 3x- scattering,
which is suppressed  by  3 orders  of magnitude as compared to the 1x.

● gN -type of TVPC contribution  is negligible as compared to the hN term.

● g’-term is excluded by symmetry.

In total, a very  simple  SS- calculation will allow one
to extract  hN –type of TVPC constants from the  3He-d data



Next Step: TVPC signal    in  double 
polarized dd- scattering 

● d-d  has the  1+ 1  spin structure, that differs from  pd and 3Hed
● dd-scattering  within the Glauber model was considered (G. Goggi et al., 

Nucl. Phys. B 149, (1979))  neglecting spin-dependence of pN amplitudes.
● Detailed study of the d↑d↑ elastic  will  be usefull for application at  SPD NICA      
● Does g’ –term of TVPC nonvanishing contribution to the null-test signal in d-d?
● Helicty pN amplitudes at SPD energies will be constructed in a  theoretical

model by O. Selugin ( BLTF)

Work is planned  by RSCF grant for 2024 …
38



TVPCσ
● Is a true null-test observable, not generated by ISI&FSI,  analog of
EDM (=null-test signal  for TVPV). 

● Tp –dependence of  the             is calculated at 0.1-1 GeV within the
Glauber theory. The  T-even  modulation factor can be eliminated.

● 3He-d  is  an ideal  process for  clear elimination  of hN- type of TVPC. 

● How to measure at SPD?
Precessing polarization of the beam  & Fourier analysis  
N. Nikolaev, F. Rathman, A. Silenko, Yu. U., PLB 811 (2020) 135983)
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OUTLOOK

TVPCσ



Bruce  H.J. McKellar, AIP Conf. 2015
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“It is important not to miss the opportunity to significantly expand 
the horizons of spin physics research at the NICA facility”

(See V. Abramov et al., Phys. Part. Nucl. 52 (2021) 1044; 
Sect. 17,   I. Koop et al . )



41

THANK YOU FOR ATTENTION!



42



N. Nikolaev, F. Rathman, A. Silenko, Yu. Uzikov, PLB 811  (2020) 135983
43The main idea: precessing polarization of the beam in horizontal plane & Fourier analysis
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V. Baryshevsky, Yad.Fiz. 38 (1983) 699
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