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Neutron EDM
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L. Landau, Nucl.Phys. 3, 127 (1957).



A formal approach
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Chiral Limit

R. Crewther, P. Di Vecchia, G. Veneziano, and E. Witten (1979)



With more details…

C.-P. Liu and R. G. E. Timmermans, Phys. Rev.  C 70, 055501 (2004)
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Meson exchange potentials for  PV and TVPV interactions

Slide courtesy of D. Bowman



Many Body system EDMs



3He and 3H



Major Contributions
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Y.-H. Song, R. Lazauskas, V. G., Phys. Rev. C83, 065503 (2011), Phys. Rev. C87, 

015501 (2013).



Why neutron-nuclei?

• Search for TRIV & New Physics

independent test (for the case of   
suppression/cancelation)

• High Intensity Neutron Facilities

SNS in Oak Ridge, JSNS at J-PARC

• Nuclear Enhancement 



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 2 MeV, on 165Ho: <5∙10-3,     J. E. Koster, 1991) 

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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PV (First order effects)
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T-Reversal Invariance
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Detailed Balance Principle (DBP):
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FSI:

*

*

2 2

                      

            

in the first Born approximation  -is  
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n the probability is even functi

(R. M. Ryndin)

on of time.

For an elastic scattering at the zero " " " "

always "T-odd correlations" = "T-violati
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No Systematic

courtesy of J. D. Bowman



TRIV Transmission Theorem

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



Neutron transmission 
(= “EDM quality”)

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

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

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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courtesy of J. D. Bowman



P- and T-violation in Neutron transmission
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V. E. Bunakov and V.G., Z. Phys. A308 (1982) 363

V.G., Phys. Lett.B243 (1990) 319 



TVPV n-D

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

1 7  "best" DDH~ 4.6 10      

or 10 - 100 Enhancement!!!
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Large NC expansion
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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)



EDM limits

• M. Pospelov and A. Ritz (2005)

• V. Dmitriev and I. Khriplovich (2004)
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Meson exchange potentials for  PV and TVPV interactions

Slide courtesy of D. Bowman



TVPV potential 
P. Herczeg (1966)

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



PV nucleon Potential



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 



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

Slide courtesy of H. Shimizu



Comparison of experimental CN matrix elements with Tomsovic theory using DDH 

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



Conclusions
• No FSI = like “EDM”

• 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

at SNS ORNL and JSNS J-PARC



T violation in Neutron Optics: TREX
• T – odd term in FORWARD scattering amplitude (a null test, like EDMs) with 

polarized n beam and polarized nuclear target 
• P-odd/T-odd (most interesting) 
• Amplified on select P-wave epithermal neutron resonances by ~5-6 orders 

of magnitude
• Estimates of stat sensitivity at SNS/JSNS look very interesting:
Existing technology/sources->PT/P~1E-5. sensitivity can
be ~x100 present n EDM limit
• The nuclei of interest, resonance energies, and P-odd asymmetry 

amplifications are measured. 139La can be polarized using DNP (LaAlO3). 3He 
with SEOP can be used as a polarizer for eV neutrons 

Nucleus Resonance Energy PV asymmetry

131Xe 3.2 eV 0.043

139La 0.748 eV 0.096

81Br 0.88 eV 0.02

Slide courtesy of W. M. Snow



Slide courtesy of H. Shimizu



Time Reversal Experiment “TREX”
Neutron Optics for T Violation “NOP-T” 

Proto-collaborations

M. Snow Indiana U H Shimizu Nagoya U
S. Penttila ORNL M. Kitaguchi Nagoya U
D. Bowman ORNL K. Hirota Nagoya U
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V. Gudkov U South Carolina T. Ino KEK
C. Gould North Carolina State U T. Shima Osaka
C. Crawford U Kentucky T. Iwata Yamakata U
B. Plaster U Kentucky T. Yoshioka Kyushu U
N. Fomin U Tennessee Y. Yamagata RIKEN
Z. Tang LANL
B. Goodson SIU M. Hino Kyoto

T. Momose UBC
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K. Sakai JAEA
H. Harada JAEA
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Merge the acronyms: 
NOPTREX

Slide courtesy of W. M. Snow



Thank you!



Extra Slides:



Structure of observables:
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Nuclear dependent factor
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I. S. Towner and A. C.  Hayes,  PR C49,  2391 (1994)



Theoretical predictions

Model  

Kobayashi – Maskawa 1010  

Right – Left  3104   

Horizontal Symmetry 510  

Weinberg (charged Higgs bosons) 6102   

Weinberg (neutral Higgs bosons) 4103   

-term in QCD Lagrangian 5105   

Neutron EDM (one -loop mechanism) 3104   

Atomic EDM (
199

Hg) 3102   
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Statistical Approach (1)

• Matrix elements are elements of random statistical 
distribution

• PV observables are related to an averaged square of the 
matrix element

• Then, we need only “strong” wave functions, since 
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Statistical Approach (2)

• A description of large-scale behavior that leads to 
the strength function of weak interaction with 
spreading width: 

• The shape of the spreading width of PV matrix 
elements for a short-range residual interactions is 
Gaussian, and the width is independent of the 
shell-model state. (S. Tomsovic)

2
2 /Jw JM D 



Strength Function intro (B&M)

After diagonalization: 
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Strength Function intro (B&M) -2

• The for 

the probability of the state a per unit energy 
interval of the spectrum is
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s-wave Strength Function (B&M)



Ranking
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Sensitivities (0-1)
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