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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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Neutron transmission 
(= “EDM quality”)

P- and T-violation:                                     P.K. Kabir, PR D25, (1982) 2013                      

L. Stodolsky, N.P. B197 (1982) 213

T-violation:

(for 5.9 MeV, on 165Ho: <1.2∙10-3,     P. R. Huffman et al. , PRL 76, 4681 (1996)) 

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) 285
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Forward scattering amplitude



G.E. MITCHELL, J.D. BOWMAN, S.I. PENTTILAG , E.I. SHARAPOV, Phys. Rep. 354 (2001) 157

Slide courtesy of H. Shimizu 6



General formalism
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courtesy of J. D. Bowman
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P- and T-violation in a measurement
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V. E. Bunakov and V.G., Z. Phys. A308 (1982) 363

V.G., Phys. Lett.B243 (1990) 319 
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One-particle potential

• F. C. Mitchel, PR 113, 329B (1964);  O.P. Sushkov et al.ZhETF 87, 1521 (1987); 

• V.G., Phys. Lett. B243, 319 (1990)
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I. S. Towner and A. C.  Hayes,  PR C49,  2391 (1994)
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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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PV (First order effects)
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T-Reversal Invariance
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Detailed Balance Principle (DBP):
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FSI:
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in the first Born approximation  -is  
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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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Meson exchange potentials for  PV and TVPV interactions

Slide courtesy of D. Bowman 20



TVPV vs PV vs TVPC
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EDM
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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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Many Body system EDMs
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3He and 3H
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PV nucleon Potential
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TVPV Lagrangian

P. Herczeg (1987); C. P. Liu and R. G. E. Timmermans 

(2004) 



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
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• TVPV interactions are “simpler” than PV ones

• All TVPV operators are presented in PV 
potential 

• If one can calculate PV effects, TVPV can be 
calculated with even better accuracy 
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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) 285
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Large NC expansion

(0) (2(1) 1/2

(1

1

) 1/

)

2

/2~ ~~

~

C C

C

g gg N

h N

N  



−

−



Strong-interaction enhancement of TVPV 
compared to PV one-pion exchange

Hierarchy of couplings:

D. Samart, C. Schat, M. R. Schindler, D. R. Phillips (2016) 33



EDM limits

• M. Pospelov and A. Ritz (2005)

• V. Dmitriev and I. Khriplovich (2004)
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Ranking
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Conclusions

• No FSI = like “EDM”

• Relative values → cancelations of “unknowns”

• Reasonably simple theoretical description

• A possibility for an additional enhancement

• Sensitive to a variety of TRIV couplings

• New facilities with high neutron fluxes

The possibility to improve limits on TRIV

(or to discover new physics) by 102 – 104
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Thank you!
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Slide courtesy of H. Shimizu 38



Slide courtesy of H. Shimizu 39



TVPV n-D

• Y.-H. Song, R. Lazauskas and V. G., Phys. Rev. C83, 065503 (2011).
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Sensitivity to CP-odd sources
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Y.-H. Song, R. Lazauskas, V. G., Phys. Rev. C83, 065503 (2011), Phys. Rev. C87, 

015501 (2013). 41



Simple systems: n-d
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V.G., Z. Phys. A337 (1990) 247



TVPC potential 
P. Herczeg (1966)



TVPC potential

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



N-D TVPC

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