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Main ideaMain idea (EõtvõsEõtvõs experiment)experiment)
Centrifugal force FFrr ~ mi

Gravitational force FFGG~ mg

Torsion balance will be 
in equilibrium if 
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R. v. R. v. EõtvõsEõtvõs utilized Earth rotationutilized Earth rotation ((19081908))
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V.B. V.B. BraginskyBraginsky andand V.I. V.I. PanovPanov, , SovSov JETPhJETPh, , ((19711971)) 6161 873873
utilizedutilized Earth rotation about the SunEarth rotation about the Sun
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Neutron trajectory for Neutron trajectory for LaueLaue
diffractiondiffraction
jj=ћ/m(|ag(α)|2kkgg + |a0(α)|2kk)
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Amplitudes ag and a0 depend on 
a deviation from Bragg condition

If α(Y,Z)                    ag (Y,Z) and a0 (Y,Z)

direction of neutron current depends
on spatial coordinates. j(Y,Z)

0 0 / 2Δ = −k k g

ag (α) and a0 (α)
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Neutron in deformed crystalNeutron in deformed crystal
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“Kato force”, determined by the 
crystal deformation

For small deformation the 
neutron trajectories 
is determined by

N.Kato , J. Phys. Soc. Japan (1963) 19, 971 

0 1( ) ( )
4cosk

B

kf y z y z
z c y

α
θ

⎛ ⎞∂ ∂
, = − + , ,⎜ ⎟∂ ∂⎝ ⎠

(hkl)

kk

kkgg

gg

y

z

θB

ψ(1)

ψ(2)

ψ(1) or ψ(2)



Voronin Vladimir, PNPI 5

External force FExternal force Fnn
0 0 / 2Δ = −k k g

0 0( , ) ( , ) / 2y z y zΔ = −k k g

Deformation change the 
reciprocal lattice vector g

0 0( , ) ( , ) / 2y z y zΔ = −k k g

External force change 
neutron energy
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External force FFnn||g||g equivalent to 
gradient of interplanar distance

0 (1 )Fd d zξ= + ⋅
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Neutron trajectoryNeutron trajectory
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Force affecting 
the neutron
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(200) 8 962 1.4tan ( ) (10 1 )10 0Bθ × ⋅ −

LaueLaue diffractiondiffraction

0~ (84 87)Bθ −

10 cm crystal10 cm crystal 1 km free flight1 km free flight
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For instance θB=870 V||= V(π/2- θB)≈V/20

τ = L/v||

Time of neutron flight 
is determined by

|| B
cos| | cos ( )   for  ~

2 2
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B B
k v v
m

θ π πθ θ θ= = ≈ −v

Effect of diffracted neutron “slowing Effect of diffracted neutron “slowing 
down” in a crystaldown” in a crystal
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Demonstration experimentDemonstration experiment

-3 -2 -1 0 1

-0,005

0,000

0,005

0,010

0,015

-5,2 -3,5 -1,7 0,0 1,7

ϕ0

F,  10-11eV/cm 

T c, 0 K

-0,4 0,0 0,4

0,8

1,2

1,6

T1-T2, 
0K

N

(110) quartz plane
L=14 cm, θB=760, tan(θB)=4

Detector

L
h

gg

ϕ

ggcc

((gg··ggcc)~sin)~sin ϕ

T1

T2

2 102 10--99 eVeV/cm/cm



Voronin Vladimir, PNPI 10

Diffraction focusing of neutron beamDiffraction focusing of neutron beam
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V.L.Indenbom, I.Sh.Slobobedsky, K.G.Truni, Sov. JETP, 66(3), 1110 (1974)
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Spot size can be ~0.1mm andSpot size can be ~0.1mm and
coincides with the theorycoincides with the theory
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Estimation of sensitivityEstimation of sensitivity

WF

Let crystals size 10x10x5 cm3, θB=840 (tan(θB) =10),
ΔW=0.1mm, Φ=109 n/(s·cm2·Å)

3 3 ·· 1010--18182500.3 · 10-13Quartz
(200) 
λ=4.2Å

12 12 ·· 1010--18186002 · 10-13Silicon
(220) 
λ=3.8Å

5 5 ··1010--181822001.5 · 10-13Quartz
(110) 
λ=4.9Å

δδF, F, eVeV/cm /cm 
per dayper day

N, n/s, eV/cm
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mmii//mmGG experiment for neutronexperiment for neutron
FFGG= F= Fr  r  for the Earth

FFrrFFGG

Sun Earth
Neutron

If the ratio of inertial 
and gravitational masses 
for neutron and Earth are different
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FFrrFFGG

Fm↑↑ gcgc

gc

0:000:00

12:0012:00

Present accuracy δδ(m(mii/m/mGG)~1.7 10)~1.7 10--44

J. J. SchmiedmayerSchmiedmayer (1989)(1989)

mmii//mmGG experiment for neutronexperiment for neutron
136 10 1 /

i
n

m g
n

mF eV cm
m

− ⎛ ⎞
≈ ⋅ −⎜ ⎟

⎝ ⎠

Fm↑↓ gc

Force change the sign in
the laboratory coordinate
system

We should see daily 
oscillations

The setup sensitivity can be 
δδF ~5 10F ~5 10--1818 eVeV/cm per day/cm per day

i g -5
n nδ(m /m ) ~ 10 per day
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Current statusCurrent status
Setup project is ready
Simulation is in progress.
Part of equipment is purchased

Inclinometer (sensitivity 0.001”)
Water thermostat (stability 0.01 K)

Silicon crystals is ready. ωm≅1”
Working plane – (220)

Single crystal size 47x90x80 mm3,

PlansPlans
2009 – finishing the setup building, prepare another 
crystal (70x140x100 mm3)
2010 – start the measurement

⋅i g -5
n nδ(m /m ) ~ 3 10 per day

⋅i g -5
n nδ(m /m ) ~ 1.2 10 per day
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eenn experimentexperiment
gc EE

gc EE

Fm= +enE

Fm= -enE

Let E=30 kV/cm

δδ((en)~2 10)~2 10--2222e  per daye  per day

*)J.Baumann, R.Gahler, J.Kalus, W.Mampe, 
PR D37, 3107 (1988)

current limit*) - en=10-21e 

Problem Problem ––
QuartzQuartz crystal is a piezoelectric crystal is a piezoelectric –– crystal deformationcrystal deformation
accompanied with electric field
Silicon is semiconductor – no electric field inside the 
crystal
We should looking for other perfect crystal – sapphire?
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ConclusionConclusion
The close to π/2 Laue diffraction
is extremely sensitive instrument for the 
investigation of fundamental neutron 
interaction.

Resolution to the external Resolution to the external 
field can be better field can be better 
1010--1313 eVeV/cm/cm and sensitivity and sensitivity 
~~ 1010--1818 eVeV/cm/cm, , (10(10--9 9 g)g)

11mm
1010--9 9 gg

δ(mi/mG) ~ 10~ 10--66

δ(en) ~ 10-23e
About 100 times better 
than current value
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