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Constraints for short-range forces from 
neutron experiments

H. RauchH. Rauch’’s question:s question: Can we establish 
competitive constraints for short-range forces 
from neutron-atom interaction?
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Constraints for short-range forces from 
neutron experiments

H. RauchH. Rauch’’s question:s question: Can we establish 
competitive constraints for short-range forces 
from neutron-atom interaction?

B. ObamaB. Obama’’s answer:s answer: Yes, we can!
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Constraints for short-range forces from 
neutron experiments

• General ideas

• Comparison to nuclear scattering 
amplitude

• Comparison to electromagnetic scattering 
amplitude 

Nesvizhevsky, Pignol, Protasov, PR D77 (2008) 034020
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General remarks

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

Scattering amplitude of slow neutrons on an atoms

with an unknown contribution induced by an hypothetical interaction
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Comparison to nuclear forces (I)

Idea: additional hypothetical interaction would manifest itself as linear term in 

A-dependence in b(A)

From H.Rauch, 
W.Waschkowsky, 
“Neutron 
Scattering Lengths”
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Comparison to nuclear forces (I)
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One can simplify a model describing a nucleus: square well with random 
depth (M.Peschkin, G.R.Ringo)

22 20.016 fm (95% CL)g λ ≤
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Comparison to nuclear forces (II)
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22 20.0013 fm (95% CL)g ≤λ

Idea: scattering length measured in different methods is obtained under 

different cinematic conditions

For 13 nucleus measured by both method, one obtains 
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Electromagnetic effects
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Idea: electron-neutron scattering length is sufficiently more sensitive to any 

additional interaction (H.Leeb, J.Schmiedmayer)

With electron-neutron scattering length 

( )( ) ( , )ne nef b Z f Z= − −q q

Thus three independent experiments would be enough to constrain unknown 
interaction, but…
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Electromagnetic effects

Problem: there is an evident disagreement in experimental data

But the situation is even worse if one takes into account neutron form-factor data 
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Of course, one can increase artificially 
the “ statistical” error but the 
systematic errors are certainly 

underestimated
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Some existing limits

Random
potential
model

Estimation of bne

Different
methods to
determine b
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Conclusions 

• Experiments with neutrons gave 
already interesting constraints on extra 
short-range interactions

• One can definitely go further…


