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Introduction

Neutron close to Bragg reflex
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Introduction

Neutron EDM search by crystal-diffraction method
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Introduction

Varying the crystal
temperature at
AT =1K
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Introduction
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The aim is to reach accuracy o(d,,) ~ (2 —3) - 10~ %%¢ - cm
using quartz crystal in three years.
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Neutron in crystal

Neutron velocity in crystal
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For the Bragg angle close to 90°
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Neutron in crystal

Dispersion close to Bragg condition

dv  wvp ] VAR
dE ~ 2E \" | 2AE3
here AE = Ej — Ep — deviation from Bragg condition.
vp = \/2Ep/m — Bragg neutron velocity
First term is a normal dispersion, second is abnormal term caused by
reflected wave. This term has resonance shape and reverses the sign on

Bragg condition.
For the case (AE ~ |V,|), second term is equal to

Ep 1

~

2’Vq| n—1

~ 10°

Voronin Vladimir (PNPI) Abnormal neutron dispersion... ISINN-2013 7/ 16



Experiment

Method of separated oscillated field was used. v ~ 4kHz.
Quartz, (110) plane (A ~ 4.9A), 65 = 87°, crystal length L=10 cm.
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Experiment

Spin rotation angle

After travelling through the two coils K1—K2.

2ubB,
o (t) = % - 2c08(w(t + 7/2))cos(wr/2),
here ¢t — time of neutron entry into the first coil, 73 — time of neutron stay
in the coil, 7 — time of neutron flight between coils.
If wr = (2n + 1)7, then
©°(t) =0

for the case of absence of desired effect.
Additional delay in crystal on the time 7 gives a time dependence of ¢°

2uB;
P°(t) ~ %wm -cos(w(t +7/2))|,

i.e. a time depending polarisation along X axis arises.
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Experiment

Experimental results
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Deviation from
Bragg condition
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Experiment Experimental results
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Dispersion value

The

AN/ Ap~5-107°
gives 19 ~ 7.5 us, for
the 7, = 125 pus,

i.e.

70/7L =~ (6 - 1072),

Abnormal part has alternating sign and is about 1000 times more

than standard.

Voronin Vladimir (PNPI)

Abnormal neutron dispersion...

ISINN-2013 11/ 16



Precise ToF spectroscopy

Neutron acceleration in magnetic field
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Energy difference of two state

/
AE, (t) = 4uBy - sinwtsin WTB = 2V2uBysinwt |,

the last term written for our experimental setup (time of neutron stay in
coil tp equal to 1/4 oscillation period, i.e. wtp = 7/2, v = 4kHz .
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Precise ToF spectroscopy

Depolarization value is
determined by absolute value
of spatial splitting of wave
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Therefore, we should see the depolarisation of whole beam after time

averaging and time oscillation with the doubled frequency 2w.
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Precise ToF spectroscopy
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Value of beam polarization after time averaging and amplitude of the time
oscillation with the doubled frequency 2w have to increase close to the
Bragg condition.
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Precise ToF spectroscopy

Wave packet size

Beam polarization is proportional to the packet overlapping area

Value of spatial splitting

|AEL |,
E

The value of K; = A7/(AFE/E) ~ 0.1 second.
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The wave size from the uncertainty principle
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in our experiment Ak = 1.210% cm~! is the Bragg width for (110) quartz

plane.
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Conclusion

Summary

@ In general case, the crystal is a media with the abnormal dispersion.

@ Abnormal part is alternating-sign and value of dv/dE can exceed
corresponding value for a free neutron in a few orders close to Bragg
reflex.

@ A method to measure small turning of neutron energy was
demonstrated. Small difference of neutron energy for two spin state in a magnetic
field gives essential spatial splitting and neutron beam depolarization.

@ Large value of abnormal dispersion allows to observe change of
neutron energy on a level (10~ — 10710) eV.
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