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Symmetries in Nature
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CP Violation
➤ CP violation equivalent to TRIV (CPT Theorem) 

➤ Phenomenological tool to distinguish matter from 
antimatter 

➤ One of the ingredients to explain baryon asymmetry 

➤ Strong CP problem 

➤ CP in the Standard Model is too small 

➤ New physics

Sakharov conditions for 
baryogenesis 

- Baryon	number	violation	
- C	and	CP	violation	
- Departure	from	thermal	
equilibrium
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For low energy neutrons ( ), 
neutron-nuclei interaction is given by 

  

The elastic scattering amplitude at zero 
angle is 

 

PV in n - compound 
nucleus systems
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Neutron Optics and Forward Scattering Amplitude

 

 gets determined, and theoretically 
(Fadeev & Flambaum) it can be related to: 

- the contact nuclear interaction (  and 
), 

- the meson exchange weak NN coupling 
constants ( ), 

- the QCD -term, 
- the quark chromo-electric dipole 

moments (  and ), 
- axion interaction constants ( )
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Experimental Observables

 from angular correlations in neutron 
radiative capture
κ(J)

Okudaira et al., 
Phys. Rev. C 97 
(2018) 034622.

⃗sn ⃗k n

 from PV experimentsΔσP  from TRIV experiments?ΔσPT

f = a0 + b0( ⃗sn ⋅ ⃗I) + c0( ⃗sn ⋅ ⃗k n) + d0[ ⃗sn ⋅ ( ⃗k n × ⃗I)]

⃗sn

⃗k n

⃗I

In principle, precise control of relevant vectors is required beyond what is currently 
possible

However…
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Bowman & Gudkov, Phys. Rev. C 90 (2014) 065503, 
Kabir, Phys. Rev. D 37 (1988) 1856.

Bowman & Gudkov reanalyzed a possible 
experiment that was first proposed by Kabir  

Considering 

, and 

 

arrived to the TRIV theorem: 

If	 =0	and	the	apparatus	is	rotated,	with	 	
and	 	being	reversed,	then	the	transmission	of	

neutrons	in	both	states	are	equal	

Any	deviation	from	the	equality	of	the	forward	
and	reversed	transmission	is	a	clear	
manifestation	of	TRIV	interactions
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A way around
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New physics discovery potential

➤ At a MW class spallation source,  
can be determined with uncertainty between 
10-5 to 10-6 in reasonable time 

➤  

➤ From theoretical analysis, 
and with , 

(ΔσPT /ΔσP)
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|θ | < 10−10 w/v < 10−5

➤ EDMs are ground state properties, while highly excited states in heavy nuclei are involved in neutron optics TRIV 
effects, which offer a quantitatively different environment with different sensitivity to the many possible sources of CP 
violation. 

➤ Any single type of TRIV search cannot be equally sensitive to all possible CP violation mechanisms, so it is essential to 
pursue any experiments in different systems which can be realized with sufficient sensitivity.

Complementarity 
of TRIV Searches
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