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Motivation

● TVPC and EDM

● NN(TVPC) phenomenology

● pd elastic scattering including TVPC in Glauber model

● Energy dependence  of the null-test signal in pd

● TRIC/TIVOLI proposals.Static polarizations

● New approach  with precessing spin

Conclusion 
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J.Engel, P.H. Frampton,  R.P. Springer,  PRD 
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INDIRECT RESTRICTIONS
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NN TVPC  phenomenology
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PHENOMENOLOGY OF pd-ELASTIC SCATTERING 
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GLAUBER THEORY   
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GLAUBER THEORY  CAN BE 
APPLIED for TVPC X-section
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T-ODD P-ODD MODULATING FACTOR   FOR TVPC SIGNAL
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ENERGY DEPENDENCE OF  THE NULL-TEST SIGNAL
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TRIC:  HOW TO MEASURE ?
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TVPC ASYMMETRY 
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Differential pd-pd
polarization observables for
T-invariance test  
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NEW METHOD TO SEARCH FOR 
NULL-TEST  TVPC SIGNAL in pd
N.N. Nikolaev, F. Rathmann, A.J. Silenko, Yu.N. Uzikov, PLB  811 (2020) 135983
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JEDI Revolution-2015: the Fourier analyisis makes the 
in-plane precessing spin as good as the static one
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JEDI technique:  put the polarization in the ring plane and 
monitor oscillating Px,z by time-stamped up-down asymmetry 

Forerunners:
I.B.Vasserman et al., Phys. Lett. B 187 (1987) 172 (High precision 

comparison of (g-2) in e+e- by  comparison of the concurrent in-plane 
precession of e+ & e- spins)

I.M. Sitnik et al.,  PEPAN Letters No. 2 [111] (2002) (Suggestion to 
accelarte the in-plane polarized deuterons in Nuclotron)
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TRIC/TIVOLI:

The conventional method: search for TVPC asymmetry in total X-section with vertical vector 
polarized protons in the ring and tensor polarized deuterons in the ABS target:

Potential of  ATVPC < 10-6 

Need to suppress false signal from vector polarization of deuterons to < 10-6

Alternative approach: antilaboratory setting with deuterons in the ring and protons in the 
ABS 

The major issues are:

• What is the tensor polarization of deuterons in the ring?
• Is separation of the TVPC asymmetry possible?
• What is the systematic background?    None !?

Beautiful Appendix in JEDI: Phys.Rev.ST Accel.Beams 17 (2014) no.5, 
052803 for precessing in-plane polarization
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Decomposition of the pd total X-section

PC TT

PC tensor

PV single spin

PV tensor

TVPC

TVPV
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Ring with RF solenoid as a rotator

, -- the envelopes of polarization. Freezing point  

Tensor polarization is entirely driven by evolution of the vector polarization 
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Freeze the RF driven rotation at  the idle precession shall continue unimpeded, 
the vertical vector polarization freezes at 0

 freezes at  0

 freezes at  0 

Unique TVPC 

29.03.2021 34

 PP
y even

 PP
y odd



COSY Parameters  at pd=0.97 GeV/c:
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D.Eversmann et al.( JEDI Coll.)  PRL 115(2015) 094801
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TVPC asymmetry: signal and backgrounds
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In contrast to TRIC: 
TVPC and TVPV asymmetries can be extracted simultaneously
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Oscillating horizontal deuteron polarization, vertical proton polarization 

TVPV: crossed proton and deuteron vector polarizations 

Beyond SM T-violating, P-violating & flavor conserving  (TVPV) interaction

Enormous theoretical activity: 

Vertical  deuteron polarization, radial proton polarization 
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J.de Vries, E.Epelbaum, L.Girlanda, A.Gnech, E.Mereghetti and
M.Viviani,   Frontiers in Physics, vol.8  (2020) artcle 218; arXiv:2001.09050 [nucl-th], 68 p., 239 refs.

Invoke still another Fourier marker: longitudinal “guide” B-field 
oscillating radial & vertical proton polarization ? 

is  Px
p – odd, can be  distinguished  from oscillating   *( ) sin cosd p

TT x x sp n p n nσ ε θ⋅



Are measurements of very small asymmetries feasible?
Counting 1015 -1016 events is a major challenge. Measure currents instead?

Valdau et al. (2016): test stand experiment with Bergoz Fast Current Transformer and Lock-in 
Amplifier --- the COSY bunches simulated by pulsed current in the wire

Optomistic conclusion: the cross section asymmetry of 10-6 (vector polarized protons in COSY 
impinging on xz tensor polarized deuterons in the ABS target) is within the reach of 1 month run 
with FCT already in the COSY ring.

Requires a comparison of attenuation of  +/- polarized beams from different cycles

The reverse kinematics: precessing polarization measures the difference of +/- polarized beams 
concurrently in the same cycle.  

Compared to Valdau et al case we need to isolate a signal of the time modulated attenuation  of 
the  bunch current.  The feasibility analysis is in progress.

Repeat the Valdau et al. test stand expt with RF modulated pulses .
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Summary:
● is a true null-test TVPC observable. Not affected by ISI & FSI.

Analog  of EDM     being    a null-test signal for TVPV.
● Tp dependence of             is predicted within the Glauber theory of pd-pd.

“Unexpected” zeros.

• Search for TVPC can be done at any beam energy (COSY, NICA…), but at Tp<1.3 GeV 
the modulation factor can be eliminated using NN data and  Glauber theory

• Simple description of the RF driven evolution of the tensor polarization of injected 
vertically polarized deuterons

• No background to   the  oscillating TVPC-like  signal from the static vector 
polarization of deuterons 

• Fourier analysis of oscillation spin asymmetries in conjunction with the  reversal  of 
the  pp

y provides an unique determination of TVPC and simultaneously TVPV signals.
As a by product, measurement in the same setup of the whole family of single and 
double spin observables
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TVPCσ



THANK YOU  FOR  YOUR ATTENTION!
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θS = 2πνS  is spin precession angle per turn,    
νS is the spin tune   
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Koop-Shatunov technique of tuning the chromaticity
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