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● Motivation (BAU)
Time-Reversal Invariance test (TIVOLI) was planned at COSY in pd at 135 MeV. 
Theory: Yu.N.U., A. Temerbayev ,PRC 92 (2015); Yu.U., Haidenbauer, PRC 94(2016)
3He-d, d-d ? NICA SPD?  

● T-invariance Violating P-parity conserving (TVPC) NN interactions
● Null-test signal TVPC for  3He-d   scattering:

Glauber spin-dependent theory for p-3He and 3He-d elastic  scattering.
● Numerical results at 0.1- 1 GeV and higher 
● Conclusion
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BAU - Baryon Asymmetry of the Universy (WMAP+COBE):
A. Sakharov conditions.
New source of CP-violation  (or T-violation under CPT) is required 
beyond the SM
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Experiments for search of CP- violation: 
Permanent EDM٭ of  neutron, neutral atoms, p,d, 3He, leptons.
Neutrino sector,           phase in   PMNS matrix, lepton asymmetry  via B-L٭ conservation to BAUCPδ

Both are T-violating and P-parity violating (TVPV)  effects

Much  less attention  was paid to  T-violating  P-conserving (TVPC) flavor conserving effects

first considered by L. Okun and J. Prentki, M.Veltman, L. Wolfenstein  (1965 ) to 
explain CP violation in kaons, do not arise in SM as a fundamental interaction.

Experimental limits on TVPC effects  are much  weaker then for EDM

EFT: Available experimental restrictions to EDM put no constrains on TVPC  ( for scenario “B”) for EDM 
A. Kurylov et. al.  PRD 63 (2001) 076007  -> in contrast to ( scenario “A”) 2 R.S. Conti, I.B. Khriplovich, PRL 

68 (1992) 3262
-> next slide
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See S. N. Vergeles, N.N. Nikolaev, Yu.N. Obukhov, A.Yu. Silenko, O. Teryaev, UFN 66 (2023) 109
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Null-test signal of Time-invariance Violating Parity Conserving (TVPC)
effects is a total cross section of double polarized  pd-, 3Hed-, dd- scattering

with one  colliding particle  being vector polarized (pb
y) and another one  

tensor polarized (Pxz). 

V. Baryshevsky, Sov. J. Nucl. Phys. 38  (1983) 699;    A.L. Barabanov, Yad.Fiz. 44 (1986) 1163.
Advantages:
● Not necessary to measure two observables (Ay and Py) and determine their very  small   difference 

( for T-invariance Ay =Py ).
● Cannot be imitated by ISI@FSI.

Disadvantage:
● Requires to suppress / exclude the contribution of  the Py

t

To compare: EDM (electric dipole moment) of particles and nuclei  is a signal of T- and P-violation.

Search for T-invariance violation in 
doble polarized p-d and  3He-d scattering



TIVOLI –exp. planned at  COSY, Tp=135 MeV; P. Lenisa et al. EPJ Tech. Instr. (2019) 6

8
M.N. Platonova, V.I. Kukulin, Phys. Rev. C 81, 014004 (2010)

pd TRANSMISSION  experiment
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On-shell  TVPC NN  interaction  t-operators  (M.Beyer, NPA , 1993)
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or 3He-d scattering

ISI@FSI effects are included yet into
No interference of TVPC with T-invariant P-even terms. 
True null-test for TVPC 

5 TVPCg σ⇒ 

Null-test signal
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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.
● Is the g’ –term of TVPC nonvanishing in  the null-test signal in 3He-d?

14
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Spin  amplitudes in Gauber spin-dependent theory:  T-even P-even A1,…, A6 ,    
TVPC htau N, gtau N , g’tau N

M.N. Platonova, N.T. Tursunbayev, Yu. N. U. , Phys.Atom.Nucl. 86 (2023) 6, 1267-1274
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T-invariant P-conserving 
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 
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NUMERICAL RESLUTS  for  p3He

18Exp. data :  D.K. Hasell et al., Phys.Rev. C34 (1986) 236

M.N. Platonova, N.T. Tursunbayev, Yu. N. Uzikov,
Phys.Atom.Nucl. 86 (2023) 6, 1267-1274



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



TVPC Null-test signal  in 3He-d scattering
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pd : Yu.N. U., J. Haidenbauer, PRC, 94 (2016)

' , ,N N NC h gτ τ τ p3He-, n3He- elastic
hN, gN- terms only

Optical theorem:
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g’ –term of  TVPC  in 3He-d.  

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

Charge-exchange pn<->np:



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

Yu.N. U., Platonova, JETP Lett. 118 (2023) 11, 785

step



25

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

S-D interference is destructive

Yu.N. U., Platonova, JETP Lett. 118 (2023)11,785

hN –TVPC term 
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A.Sibirtsev et al., Eur.Phys. J. A 45 (2010) 357

The Regge formalism for pp-helicity amplitudes
at proton beams momenta pL= 3-50 GeV/c
includes  single- Pomeron exchange and 
trajectories
Data on                    , AN, ANN

2 2, , ,f aρ ω
/d dtσ

AT HIGHER ENERGIES 23 10pNs GeV= −



A. Sibirtsev et al, EPJA (2010)
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TVPCσ
● Is a true null-test observable, not generated by ISI&FSI,  analog of
EDM (=null-test signal  for TVPV). 

● Tp –dependence of  the            (3He-d) for hN and gN type is calculated 
within the Glauber theory at 0.1-1.2 GeV using SAID data. Estimations 
are done at pL=3-50 GeV/c using Regge parametrizations for pN. 
● 3He-d  does not  contain  the  g’N- type of TVPC.
● TVPC in dd scattering is in progress

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

29

CONCLUSION AND OUTLOOK

TVPCσ
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THANK YOU FOR YOUR 
ATTENTION!



N. Nikolaev, F. Rathman, A. Silenko, Yu. Uzikov, PLB 811  (2020) 135983
31The main idea: precessing polarization of the beam in horizontal plane & Fourier analysis
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