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Properties of the Neutron

• Properties
� Neutron in strong interactions
� Electromagnetic interactions
� Weak interaction
� Neutron and Gravity
� Other forces



Neutron in strong interaction

• Neutron-neutron scattering length

• Neutron-nucleus interactions
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Electromagnetic interaction (I)

• Neutral particle

PDG value −0.2±0.8 

(10–21 e)

• Radius of the 
neutron 
(measurement of  
the EM FF) 3



Electromagnetic interaction (II)

• Magnetic moment

PDG value −1.91304272±0.00000045 in nm

• Electric dipole moment (EDM)

• …
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Neutron Electric Dipole Moment  
(nEDM) – search for CP violation

CP violation was observed only in the systems 
of neutral kaons and B mesons

Existence of the nEDM ≠ 0 means

violation of P and of T

CPT Theorem CP violation

= ⋅ =
��� � �ɵ

n nd e r d s



6

Ramsey’s Method

T

N 



7

| dn | < 3.0 × 10-26 ecm

(90% C.L.)

Baker et al, PRL (2006)

Progress in the neutron EDM bound



Weak interaction

• Neutron lifetime

• Asymmetry coefficients in neutron decay
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• In flight experiment (CN) :
– To measure the neutron beam radioactivity:

• Two measurements of absolute values

• Storage experiment (UCN) :
– To measure directly the decreasing of number of 

stored neutron s

• Two relative measurements, but:
1 1 1− − −= + lo sm n sττ τ
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Neutron lifetime
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• Standard Model

• Astrophysics
– Solar cycle

– neutron stars formation

– Big Bang nucleosynthesis

– …
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« Typical » experiment with  UCN (MamBo I)

Idea :
- Storage volume (V) and its surface (S) are variables
- To measure the storage time as a function of the 
ration V/S
- Extrapolate to  infinite volume
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Neutron lifetime PRL (2013)



Neutron and Gravity

• (Used in the UCN production) 

• Interference experiments (mi vs mg) 
Collela, Overhauser, and Werner (1975)

• Quantum states in gravity field
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"Let us consider another possibility, an atom held together by gravity
alone. For exemple, we might have two neutrons in a bound state. 
When we calculate the Bohr radius of such an atom, we find that it 
would be 108 light years, and that the atomic binding energy would be 

10-70 Rydbergs. There is then little hope of ever observing 
gravitational effects on systems which are simple enough to 
be calculable in quantum mechanics."

Brian Hatfield, in "Feynman Lectures on Gravitation" ;
R.P. Feynman, F.B. Morinigo, W.G. Wagner, Ed. Brian Hatfield

Addison-Wesley Publishing Company, 1995, p. 11
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Quantum System: Neutron in a Gravity Field
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Neutron in all interactions

• Strong interaction

• Weak interaction

• Electromagnetic interaction

• Gravitational interaction

• Search for other interactions
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Search for “5th force”

nucl( ) ( ( ( )) ) ...ne Vf f ff= + + +q q qq

Scattering amplitude of slow neutrons on atoms

with an unknown contribution induced by a hypothetical interaction
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Some existing limits

Random
potential
model

Estimation of bne

Different
methods to
determine b


