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Sakharov Criteria (JETP Lett. 5, 32 (1967))

Particle Physics can produce matter/antimatter asymmetry in 

 the early universe IF there is:

• Baryon Number Violation

• CP & C violation                                  TRIV

• Departure from Thermal Equilibrium 

(WMAP+COBE,2003)
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EDMs Advantage
(neutron EDM)
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L. Landau, Nucl.Phys. 3, 127 (1957).
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EDM’s weak points:
Complexity due to strong interactions
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Transmission of polarized low energy 
neutrons through polarized nuclear target 

“Transmission” = “zero angle elastic scattering”  

                            No FSI = like “EDM”

“Polarized neutrons and nuclear”                             

                Sensitivity to both TRIV and PV

                Relative values → cancelations of “unknowns”

“Low energy neutrons”    

                 Huge (106) enhancement 

                 Reasonably simple theoretical description 5
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T-Reversal Invariance
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FSI and Forward scattering
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DWBA
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“b”-estimates
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courtesy of J. D. Bowman
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Compound Resonance mechanism is Dominant



TRIV and PV effects
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P- and T-violation in a Relative measurement!!!
& Enhancements
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117Sn-case (Ep=1.33eV, Es=38.9eV)

2 2 2

1/

2 2 2

2

2 1/2

2

1

       

( ) / 4

( ) ( )4

( / 2)( / 2)

( ) ( )
( ) 8

     ~

( ) / 4

(

1 ~

)

( )

 

n

p p

p p

n n

s p

s s p p

p p pot p

p

n

s s

s s

s p s p

n

p

n

s

k E E

w
m

k

k E E

D

E

D

w

D

E E i E E i

P

E E
P

w

E
R

E
k

E





 

 

 









− +

− +

−

+ −

+

−

 
 +

− + 

 
− 

− +  − + 

−
=

+

 

 

− + 

 +
+ 

 


  



−

 





2

max

2

2

( ) (        

then   

) / 4 /

( ~ 1/   &  ~ 1/ )     

if n n

p p s p s p

n

s

n

p

R

E E

w w

D D

D

D

D w
P

 

 


 
 



 
= = 

   

=   = 





TVPV potential 
P. Herczeg (1966)

• Y.-H. Song, R. Lazauskas  and V. G, Phys. Rev. C83, 065503 (2011).
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PV nucleon Potential
B. Desplanques, J. F. Donoghue, and B. R. Holstein (1980)

18



PV nucleon Potential
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Meson exchange potentials for  PV and TVPV interactions

Slide courtesy of D. Bowman 20



TVPV vs PV vs TVPC
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One-particle potential

F. C. Mitchel, PR 113, 329B (1964);  O.P. Sushkov et al.ZhETF 87, 1521 (1984); 

 V.G., Phys. Lett. B243, 319 (1990); P. Fadeev and V. V. Flambaum, PRC 100, 015504 
(2019); V. V. Flambaum and A. J. Mansour, PR C 105, 015501 (2022)
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I. S. Towner and A. C.  Hayes,  PR C49,  2391 (1994)

23

Consistent with statistical estimates of compound matrix elements by V.V. 
Flambaum and O. K. Vorov (Phys. Rev C51, 1521 (1995); C51, 2914 (1995); C49, 1827 (1994))



Comparison of experimental CN matrix elements with Tomsovic theory using DDH 

“best” meson-nucleon couplings: agreement within a factor of 2
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Enhancements:

• “Weak” structure • “Strong” structure

P-violation:

Enhanced of about ~106

 
O. P. Sushkov and V. V. Flambaum, JETP Pisma 

32 (1980) 377

V. E. Bunakov and V.G., Z. Phys. A303 (1981) 
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Large NC expansion
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How it relates to EDM limits

• M. Pospelov and A. Ritz (2005)

• V. Dmitriev and I. Khriplovich (2004)
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• If one can calculate PV effects, TVPV can be 
calculated with even better accuracy 

                          benchmark for calculations

• Many targets                     avoiding cancellations 
(for EDM – only one value)

• Relative measurements                     cancellations 
of many strong interaction contributions (for 
EDM – absolute value)

28

TRIV in Nuclei vs EDMs:
(why they are complementary)



Conclusions

• No FSI = like “EDM”

• Very large and experimentally confirmed enhancements

• Reasonably simple theoretical description

• Relative values → cancelations of “unknowns”

• “Unlimited”# of targets: 
– Sensitive to a variety of TRIV couplings

– Avoiding possible cancellations

• New facilities with high neutron fluxes

The possibility to improve limits on TRIV

(or to discover new physics) by 102 – 103
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Thank you!
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Extra slides
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About Physics of the Resonance Enhancement



No Systematics

courtesy of J. D. Bowman
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TRIV Transmission Theorem

J. D. Bowman and V.G., Phys. Rev. C90, 065503 (2014)
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Chiral Limit

R. Crewther, P. Di Vecchia, G. Veneziano, and E. Witten (1979)
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With more details…

C.-P. Liu and R. G. E. Timmermans, Phys. Rev.  C 70, 055501 (2004)
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3He and 3H
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TVPV n-D

• Y.-H. Song, R. Lazauskas  and V. G., Phys. Rev. C83, 065503 (2011).
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N-D TVPC

• Y.-H. Song, R. Lazauskas  and V. G, Phys. Rev. C84, 025501 (2011)
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