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How can we get information about this forces, using 

the neutron diffraction in noncentrosymmetric crystal ?

We will consider short range Yukawa-type potential of fermion-fermion interaction due to exchange of 

peudoscalar light particle
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For neutron diffraction in crystal this CP violating potential gives an additional spin 

dependent structure amplitude, which lead to the additional neutron interaction with 
crystal similar to EDM interaction with interplanar electric field. We can estimate its 

value from the test experiment on a search for nEDM

So first I remind how it works for neutron EDM
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A search for neutron EDM by magnetic 
resonance method with ultra cold 
neutrons (UCN) was an experiment 
carried out during thirty years in PNPI 
(Gatchina). By 1989 equal results were 
obtained  in PNPI and ILL (Grenoble)

Searches for the neutron EDM date from pioneering experiment of Smith, 
Purcell, and Ramsey published in 1957. Using a magnetic resonance 
technique they established a value of

cmedn ⋅×±−=
−20104.21.0
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obtained  in PNPI and ILL (Grenoble)

dn < 9.7⋅⋅⋅⋅10-26 e⋅⋅⋅⋅cm (90% C.L.)
Last measurements in ILL have given
not large improvement of these results

dn < 3 ⋅⋅⋅⋅10-26 e⋅⋅⋅⋅cm (90% C.L.)
(2005 г.,  ILL , RAL, Sussex, PNPI)



Neutron EDM

I remind  that existence of the Electric Dipole 

Moment of a particle violates  P invariance as 

well T and so CP invariance

The last result dn ≤≤≤≤ 3⋅⋅⋅⋅10-26 e⋅⋅⋅⋅см
(ILL, RAL, Sussex Un.) PRL, 2006,

97, 131801)
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If you imagine a neutron as a sphere of 
radius R ~ 10-13 cm, than d/R ~ 3⋅ 10-13.

Such a part of Earth radius is
approximately ~ 2 µm
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Sensitivity to neutron EDMSensitivity to neutron EDM
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1 ~ E Nσ τ−
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Advantages of diffraction method 
of the nEDM search

• Strong electric field (up to109 V/cm), acts on neutron moving 
close to diffraction condition in a crystal without center of 
symmetry. It leads to spin rotation effects.  (In lab only field 
~104 V/cm is available for this purposes)

• Direction of this field is perpendicular to crystallographic plane
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• Feasibility of controlled changing the sign and the value of the 
electric field acting on neutron in crystal.

• The feasibility to use the assembling of a few different crystals 
to increase the interaction time
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The neutrons with λλλλB=2d0 sin θθθθB reflect from crystal 

if θB ≈ π/2 → λλλλB ≈≈≈≈ 2d0 [1-(π/2-θB)2]  
only the neutrons with λλλλ > λλλλB and  λλλλ < λλλλB can pass 

through crystal and they will move in electric field –E and 

+E correspondingly

Essence of experiment
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+E+E --EE

Changing λλλλ (or 
dddd ) one can 
control electric 
field acting on 
neutron 7



Nuclear and electric crystal potentials. 
Reciprocal lattice vectors

One can represent the crystal potential either as  a sum of 
atomic potentials or as a sum of plane potentials. The last is 
called the reciprocal lattice vectors expansion
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Periodic (along any g direction, x axis) potential of the some 
plane system can be expanded to Fourier series:

gn=2ππππ n/d. Each harmonic can transfer only certain momentum ħħħħgn, 
so one can say that  any harmonic describes its own plane system gn. 
So we can consider the n order diffraction as the diffraction of the 1-st order 
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So we can consider the n order diffraction as the diffraction of the 1-st order 
but at the plane system with the interplanar distance dn=d/n.
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Essence of the phenomena
We can write

the electric 
potential in 
the same way

The 
electromagnetic
neutron 

22 February 2010 GRANIT 2010

)sin(2

)exp()exp(

)(  grad)(

grg

grggrg

rrE

E

g

E

g

E

g

E

V

iViiVi

V

=

=−−=

=−=

c
  EDr += µ)(  Vneutron 

interaction
contains 
electric field 
(not a potential)

So electromagnetic
scattering amplitude is
imaginary
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Harmonic amplitudes Vg are determined by 
structure amplitudes (sell scattering amplitude):
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Short range Yukawa-type potential of fermion-fermion 

interaction due to exchange of peudoscalar light particle
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Neutron scattering amplitude
in this case is also imaginary as the electric one
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It seems as interaction of spin with some pseudo magnetic field that is 
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g-harmonics of neutron 
interaction with the  

crystal will be
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Essence of the phenomena

Neutrons are concentrated 
on the “nuclear planes” or 
between them (on the 
maxima  or on the minima of 
the nuclear potential).

In the non-centrosymmetric crystal
the positions of the “nuclear planes” 
are shifted from that of electric as 
well as from “pseudomagnetic” ones
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the nuclear potential).
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In the non-centrosymmetric crystal neutrons 
turn  out to be under a strong electric field
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Exact Bragg 
condition

Laue diffraction:

Bragg condition:
|k0+g|=|k0| or
2d sin θB= λ

(|g|=2π/d, |k0|= 2π/λ)
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Neutron optics in the crystal without center of 
symmetry (the deviation from Bragg condition)

One can write the neutron wave function in crystal, using the perturbation theory One can write the neutron wave function in crystal, using the perturbation theory 
for directions and energies far from the Bragg ones, in the following formfor directions and energies far from the Bragg ones, in the following form
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EK= ћ2 K2/2m, 
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Depending on the sign of the deviation parameter from the Bragg 

condition 2∆∆∆∆g=|K+g|2−−−− K2, the neutrons concentrate on the 

nuclear planes or between them (on the maxima of nuclear 

potential (∆∆∆∆g<0, red colour), or on its minima (∆∆∆∆g>0, blue colour)
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“Pseudomagnetic” field also is determined by the shift of 

“pseudomagnetic” planes relative to nuclear ones
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Neutron passage through the crystal, Bragg angle close to the right one
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2(d0+ξ∆)

Changing d of analyzer we can select the neutrons 

passed the crystal under given electric 

(“pseudomagnetic”) field

+E+E --EE
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Statistical sensitivityStatistical sensitivity (1)(1)
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81 10 V/cm≈ ⋅E

80cm
a

L = for λ = 4.9 Å

For crystal thickness Lc=50 cm
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Summary of the experimental schemeSummary of the experimental scheme

• Possibility to reverse of the electric field.
• “Zero” Schwinger effect.
• Possibility to control and suppress the systematic.
• Low influence of crystal quality. (For ω >> ∆θ the effects ~ ∆θ/ ω .
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• Low influence of crystal quality. (For ωm>> ∆θ the effects ~ ∆θ/ ωm.

Intensity ~ ωm).            New kinds of NSC crystals
• One can increase the effect by using a series of crystals

For quartz crystal, For quartz crystal, 

for thickness Lc=50 cm

100 day100 day

26~ 1.3 10
d

e cmσ −⋅ ⋅
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Summary of the systematicSummary of the systematic

5~ 10 /r Gs hour
−∆H

4~ 10
r

Gs
−H

Residual magnetic field

Value

Time stability

22 February 2010 GRANIT 2010

~ 10 /r Gs hour∆H

3D analysis of polarization
3~ 10

y
radδ −

σσσσd < 6 10-27e cm

The crystals alignment

The ∆T0 control ~0.010C

~0.020
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Sensitivity to pseudomagnetic interaction

For (110) plane of quartz crystal and 0 5B∆ = . , 82 56 10g = . ⋅ cm 1− , 51SP

gF = , sin( ) 0 41SP

gΦ = . , 

113
c

V = Å 3 . The angle of spin rotation due to considered potential will be 
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where L  is the crystal length.  
6( ) ~ 2 10SPσ ϕ −⋅  can be reached for 100 day of the statistic accumulation. That allows to give 

such a constraint 
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such a constraint 
31 2 2 210 [ ] ( 1 )

S P
g g cm g λ−< ⋅ + /   

for the L=50 cm.  

Current experimental result from crystal-diffraction nEDM experiment *)

*) V.V. Fedorov, M. Jentchel, I.A. Kuznetsov, E.G. Lapin, E. Lelievre-berna, V. Nesvizhevsky, A. Petoukhov, 

S.Yu. Semenikhin, T. Soldner, V.V. Voronin, Nuclear Physics A, DOI: 10.1016/j.nuclphysa.2009.05.117

29 2 2 24 10 [ ] ( 1 )S Pg g cm g λ−< ⋅ ⋅ + /
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Constraints on the (gsgp;λ)

(1) this work 
(2) is possible improvement of 

this method, 
(3) is gravitational level 

experiment [1] 
(4)  is the UCN depolarization [2] 
(5) is proposal [3], 
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(6) and (7) are the predictions of 
axion model with ~ 1θ  and 

10~ 10θ −  correspondingly [2] 
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Photo of quartz Photo of quartz 
crystalscrystals

ωm~1”
ωm~??

ωm~??
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ωm~??
27 cm
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Set of crystals from Aleksandrov factory 
for future experiment
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∆∆∆∆d/d= ±±±±2⋅⋅⋅⋅10-6
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Thank you for attention
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