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BAU - Baryon Asymmetry of the Universe (WMAP+COBE):
A. Sakharov conditions.
New source of CP-violation  (or T-violation under CPT) is required 
beyond the SM

10 19
exp 6 10 10B B

SM
n n

nγ
η η− −−

= ×  

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- violating (TVPV)  effects

Much  less attention  was paid to  T-violating  P-conserving (TVPC) and 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 , being detected  at current  
level  of exp. accuracy will be  a direct evidence of physics beyond the SM.

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”) / R.S. Conti, I.B. Khriplovich, PRL 

68 (1992) 3262; Engel et al. PRD (1996) / 
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See S. N. Vergeles, N.N. Nikolaev, Yu.N. Obukhov, A.Yu. Silenko, O. Teryaev, UFN 66 (2023) 109

Remark: In view of BAU, the TVPC can be much stronger at high (NICA) energies
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Null-test signal of Time-invariance Violating Parity Conserving (TVPC)
effects is a part of  total cross section of   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:
● Only one observable. 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.

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

Search for null-test TVPC  signal in double polarized 
d-d scattering
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TVPC in  pd- transmission experiment

, ; [ ]p pOZ k OY p OX p k↑↑ ↑↑ ↑↑ ×
 

  k – beam momentum
pp (Pd) - proton (deuteron) polarization

under P-conservation



7

General decomposition of the  total dd cross section 

TVPV

TVPC

T-even P-even

PV

( ) ( ) ( ) ( )1 2 1 2(1) (2)
m mn nlr l r xz y yz xk P P k P P P Pε = −

TVPV and PV are negligible (A~10-7 );

,LLσ σ⊥⊥ are excluded  at    (1) (2)0, 0yP k P= =




excluded  in asymmetry ATVPC1 2 1 20, , , ,T T T T Tσ σ σ σ σ
Simplifications:



On-shell  TVPC NN  interaction  t-operators  (M.Beyer, NPA , 1993)

: , ,
[ ] , ;

i f f iT p p p p p p q q
n q p n σ σ

→ − → − ⇒ →− →

= × → − → −
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| | | |T Tf S i i S f< >=< >T-invariance:
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Previous theoretical calculations

Yu.N. U.,  A.A. Temerbayev, PRC 92 (2015); pd
Yu.N. U.,  J. Haidenbauer, PRC 94 (2016);   pd
Yu.N. U., M.N. Platonova, JETP Lett. 118 (2023) 11 ;  3He-d
Yu.N. U.,M.N. Platonova et al. Int. J. Mod. Phys. E (2024); dd
M.N. Platonova, Yu.N. U. arXiv:2410.03262[nucl-th]; dd
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dd-dd elastic scattering  at      =0o for TVPC-interaction

In  pd  appears only one Q- operator  of this type

θ

k̂ − beam direction
( )i
lS − spin-operator of the i-th deuteron

- tensor polarization operator
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Generalized optical  theorem:

Spin-dependent Glauber theory for the amplitudes g1 and g2

abnormal normal
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TVPC amplitudes for dd

Form factors

M.N. Platonova, Yu.N. Uzikov,
arXiv:2410.03262 [nucl-th]

TVPC ordinary hadron pN ampl.
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Numerical results
Ordinary  NN   helicity  amplitudes:

SAID: Arndt R.A. et al. PRC 76 (2007) 025209; 

Sibirtsev A. et al., Eur. Phys. J. A 45 (2010) 357;  
arXiv:0911.4637 [hep-ph] (Regge-type parametrization)

Selyugin O.V., Symmetry., 13 N2 (2021) 164; (HEGS –model);
arxi:2407.01311[hep-ph]

1.9 2.4NNs GeV= −

2.5 15NNs GeV= −

5 25NNs GeV= −
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g’ – type of TVPC  vanishes in dd-dd, also in pd- and 3He-d
for double pN scattering mechanism, in view of
<np|g’|pn>= - <np|g’|pn>

g- type vanishes  due to
and  presence of the

<np|g|np>= - <pn|g|pn>
( )i j z operatorτ τ− −

h- type of TVPC dominates in dd –dd 
That is important for its isolation from the corresponding data. 
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Another point of view: due to the BAU problem,
the TVPC  coupling constant at NICA SPD energies can 
be much stronger than at low energies   few MeV.

A high accuracy for the first  measurement at high energies is not obligatory.

19

Luminosity in dd- collision, 
pd is the c.m.s. momentum of the deuteron

A. Philipov (private comm.)

Effect decreases with energy by
one order of magnitude,
but luminosity increases by three
orders.
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Luminosity in dd- collision, 

pd is the c.m.s. momentum of the deuteron



 A. Philipov (private comm.)
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Two deuteron beams:

(1) (1) (1) (1)

(1)

2 , 0; 0;
3

0, ( , , , )

y x z yy

mn

P P P P

P n m x y z

= ± = = =

= =

(2) (2) (2) (2)0, 0; 1, 2y x y xzP P P P or= = = = −

Axial symmetry along OY axis

In this case the TVPC  cross section                                                 can be obtained
by  measurement of the asymmetry ATVPC in respect of change of the sign Py

(1)

(2,1) (2) (1)[ ]TVPC m mn nlr l rk P P kσ ε

( ) / ( )TVPCA T T T T+ − + −= − +

( )T T+ − - Transmission factor for (1) (2) (1) (2)0( 0)y xz y xzP P P P> <

Beam d1: Beam d2:
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Pyy=0  for  Py=+2/3, -2/3

Pyy=-2 or Pyy=+1  for  Py=0



● is a true null-test observable, not generated by ISI&FSI,
analog of   EDM.

● Tp –dependence of  the            (d-d) for the h -type is calculated
in Glauber theory with known hadron pN-amplitudes.

● d-d  does not  contain  the  g’- and   g -type, i.e.  is
optimal to search for the  h-type ; decreases    with  energy, 
but luminosity is increasing.

● Unique possibility to measure               at NICA SPD         to 
estimate unknown TVPC constant  at early  Baryon Universe.

● How to measure at SPD? – Measurement of electric charge  current
produced  by both deuteron beams ( similar to TRIC exp.  at COSY)
/ or usage of Precessing polarization of the one  beam  & Fourier analysis  
N. Nikolaev, F. Rathman, A. Silenko, Yu. Uzikov, PLB 811 (2020) 135983)/

CONCLUSION AND OUTLOOK

TVPCσ

TVPCσ
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THANK YOU FOR  
ATTENTION!
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A. Kornev , START program

G. Alberi et al. NPB 17 (1970) , 621
Without spins in pN

dd→dd, Glauber model
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P. Frampton,



N. Nikolaev, F. Rathman, A. Silenko, Yu. Uzikov, PLB 811  (2020) 135983
26The main idea: precessing polarization of the beam in horizontal plane & Fourier analysis

General
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1,2 – deuteron  target
3,4 - deuteron beam

2-step mechanism
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T-even P-even

TVPC

Deuteron w.f.

NN-amplitudes

'

2N N N
qC C i A
m

≈ +

C. Sorensen , PRD 19 (1979)
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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= −



30



31

0 ;

;

0, 0

b t t b t
tot TT y y T zz tvpc y xz

tvpc

b t b t
y xz y xz

p P P p P

T TA
T T

T p P T p P

σ σ σ σ σ

σ
+ −

+ −

+ −

= + + +

−
=

+
⇒ > ⇒ <





32

1 – O. Selugin
2 – A. Sibirtsev et al. , EPJ A (2010)
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