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Main idea (EGtvos experiment) -

Centrifugal force F, ~ mi Torsion balance will be
Gravitational force Fg~ mg in equilibrium if
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m' J. Schmiedmavyer NIM A 284 59 (1989)
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'Neutron trajectory for Laue

diffraction
Amplitudes a, and a, depend on

j:h/m(lag(a)lzkg + |ag(a)|2k) | a deviation from Bragg condition

A azz(All;)’g), Ak, =k, —g/2
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/ a, («) and a, (a)

K ae < If a(y,Z) BEEE)> G, (Y.Z)and Gy (Y.Z)
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O N1 (K f y direction of neutron current depends
K, on spatial coordinates. j(¥Y,Z)
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Neutron in deformed crystal

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

“Kato force”, determined by the

A
zZ crystal deformation
k, o 10
’ - +— o\),z),
Je(32) 4cos G, (82 c Oyj (32)

For small deformation the
neutron trajectories
is determined by

8_22 . tan(d,) £(5.2)
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External force F,
Ak, =k,—-g/2

Deformation change the External force change

reciprocal lattice vector g neutron energy

Ak, (y,2) =k, —g(y,2)/2 Ak, (y,z) =Ky (y,2)—g/2

External force F,||g equivalent to\
gradient of interplanar distance
w F
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Neutron trajectory

A Force affecting
the neutron
Laue diffraction Free neutron
W12
8_2Z_+tan2(6’3)£ F 0’z F,
o> | m, d]2E || &° 2E,
v 9 ~(84—87)0
rtz (110 B
T uartz (119) tan* (6,) x1.8-10° (10" —10%)
B e ——

Gain factor |K, ==+

10 cm crystal

(200)

=

1 km free flight
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down” in a crystal

Time of neutron flight
is determined by

.=

T= L/VII
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= vcosf, ~ v(%—é’B) for 6, ~

Effect of diffracted neutron “slowing “\-
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For instance 6,=87° == V,= V(n/2 xV/20
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Effective Mass of Neutrons Diffracting in Crystals

Anton Zeiiinger,(a) C. G. Shull, Michael A. Horne,® and Kenneth D. Finkelstein

Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
(Received 25 November 1985)

Neutrons propagating in a crystal under diffraction conditions exhibit an effective inertial mass which
is lower by 5-6 orders of magnitude than their vacuum rest mass and of both positive and negative sign.
This is verified experimentally by measurement of the enormously enhanced deflection of neutrons sub-
jected to a magnetic force while passing through a silicon crystal.
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FIG. 1. The experimental arrangement used in the study of ~ 1 O
the reduced inertial mass of neutrons in crystals. t a n2 ( 0 ) ~ 1 03
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Demonstration experiment
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Diffraction focusing of neutron beam

1 Quartz
yil) § (110)E) x,, =7 pm
wt1)
\/ Extinction (200)# x, =50um

(hkI) i Ly N

—¥ g
Wi tan(& |

\""(Hki)"" \\ y, —hwenl,) 1

2 2m,

Doesn't depend on
Bragg angle and
crystal length

V.L.Indenbom, |.Sh.Slobobedsky, K.G.Truni, Sov. JETP, 66(3), 1110 (1974)
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PHYSICAL REVIEW B VOLUME 32, NUMBER 9 1 NOVEMBER 1985

Dynamical neutron diffraction in a thick-crystal interferometer

J. Arthur,* C. G. Shull, and A. Zeilingert

Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
(Received 7 June 1985)
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FIG. 1. Illustration of the MIT two-crystal interfe
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Spot size can be ~0.1mm and

coincides with the theory
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Estimation of sensitivity

Let crystals size 10x10x5 cm3, 05=840 (tan(6;) =10),
Ay=0.1mm, ®=10° n/(s-cm2-A)

Fy eViem [N, n/s &F, eV/em
per day

Quartz 1.5-10"° | 2200 5 .10-18
(110)
r=4.9A
Quartz 0.3-1013 | 250 3.10-18
(200)
r=4.2A
Silicon 2-1013 |600 12 - 10-18
(220)
1=3.8A
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‘mi/me experiment for neutron
Fs=F, for the Earth

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

Fs= F, for the neutron

g i g i
F =F —F=G e (1— m, /m, jz6o1013 (1— mg]eV/cm

I g
my / mg m

n

i g —
mg [ mg =1
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‘mi/me experiment for neutron

l

mn

F ~6-107" (1—

n

TT d ) Force change the sign in
m ¢ the laboratory coordinate
system

> - .
We should see daily
oscillations

The setup sensitivity can be 6(m’ /mg) ~107° per day
8F ~5 10-8 eV/cm per day n__n
Present accuracy §(m/mg)~1.7 104
J. Schmiedmayer (1989)
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‘Cur'r'en'r status

= Setup project is ready
= Simulation is in progress.
= Part of equipment is purchased
o Inclinometer (sensitivity 0.001%)
o Water thermostat (stability 0.01 K)
= Silicon crystals is ready. o,=1"
Working plane — (220)
Single crystal size 47x90x80 mm3,

&(m’/m? )~ 3.10”per day

Plans

= 2009 - finishing the setup building, prepare another
crystal (70x140x100 mm3) |5(m’/m¢ ) ~1.2 .10 per day

= 2010 — start the measurement
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e, experiment
= ) Let E=30 kV/cm

tete foee B

d(e,)~2 10-22e per day

AT C
ﬂ %ﬂ current limit*) -e =10-%'e

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

L
I

Problem -

Quartz crystal is a piezoelectric - crystal 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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Conclusion

The close to n/2 Laue diffraction
is extremely sensitive instrument for the
investigation of fundamental neutron

interaction.

Resolution to the external
field can be better

10-13 eV/cm and sensitivity Im -
~ 1018 eV/cm, (109 g) 00 fmmm) |
b

S(mi/mg) ~ 10°% | Apout 100 times better
S(Qn) ~ 10-23e than current value
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