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Refraction index and dispersion relation for the neutron waves
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Small corrections to the dispersion law of neutron waves 1.

r

C= L for light

k12 = kg + 41tpCf, C={ 1-(4n/3)pu Lax, 1951
C=1(f,=-b)  forneutrons

|. M. Frank’s hypothesis: for neutrons also C=1

The presence of a very small imaginary part of the coefficient C leads to a
noticeable change in the absorption coefficient

n>=1-— (C’—iC")(b’—ib”) b”b,zlo—“-lo—s C'b' =Db" /M. Frank, 1974
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Corrections to the dispersion law of neutron waves.

N2 =14 20060, f=—brikb? C=(1-3) 143740 C'~1+2mpba® ka0

TPy i pb'ka3 a —interatomicdistance

J= ijexp(ik 1)G(r)[1-g(r)|dr  G(r)=exp(ikr)/r

For UCN
V.F. Sears,1982 C'-1~5x10* (AImost constant!) C"~10° (OC k)
2
21 4rpb/K;
14 (4Ttpb / nkj)je'k°xsin (nX)I:g (X / ko) _1:| dx M. Warner & J.E.Gubernatis, 1985
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On the region of applicability of the potential-like dispersion
law and hypothesis of super slow neutrons.

ikgx

e
= 2npb >
eikox \Vscat TEp |k0 &
21tpb
\ W oot | << 1, E>arp PPa<<1
p 0
X
If ko <4mpba then there is re-scattering at
. . 5 31
: distances 5= (;;5,;;.)
S That leads to uncertainty Ak ~p~ ~k,
Region of applicability of the potential-like %, >> 4npba = Y a v* =4mpb V.G.Nosov & A.l.Frank, 1991

dispersion law

Dispersion law for super-slow neutrons (v <10cm/s) strictly speaking unknown.

For UCN small corrections for the potential like dispersion law are very probable
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Specific feature of the potential-like dispersion law

ké = kgﬂ
| kOJ' ) kO kll . \@ I =l v =4nph
k, | G Kieim 5 AWerner, 1983
K, [%o I 6 Kiln, . Werner

R=R—p+e(); 1 =dmpb

K2 =kZ —y +e(K2):

Strategy of the test experiment — looking for kl with variation of k|| at kol = const

Frank, ISINN 30, Sharm El Sheikh
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Fizeau-type experiment with UCN

Phase shift Q= k(l— n)d

25 May, 2006 A.Frank, ISINN 14



Experiments for the test the validity of the potential-like dispersion law
of the thermal neutrons

CRYSTAL
INTERFEROMETER

N DETECTORS

FIG. 1. Overall layout of neutron interferometer showing rotat-
ing quartz disk. Inset: schematic of neutron interferometer.

M. Arif, H. Kaiser, S.A.Werner et al.
Phys. Rev.A 31 (1985) 1203

Phase shifter \ ,3He detectors
i

N a

Fig. 2. Overall layout of the neutron interferometer showing
the placement of the aluminum disk. The shaded segments
on the disk correspond to the positions of the samarium foils.

M. Arif, H. Kaiser, R. Clothier et al.
Physica B 151 (1988) 63-67

The phase shift caused by rotation
was not observed due to insufficient
sensitivity of the experiment

14 April 2024

Prove of the principle. Observation of
the effect for the matter with resonant
cross-section b = const

Frank, ISINN 30, Sharm El Sheikh

There is no now neutron interferometers for
either UCN or VCN although such proposals
have been made.
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Rotating interference filter and experimental test of the dispersion law
for UCN

Interference filter

Energy (neV)

—]
—_— ] | —
—_— ‘ In case of deviation (8 # 0) from the potential-like
. dispersion law the position of resonant should shift
\ when the filter is spinning

=k, —4nNb+e(k; )

ki =ky, —AnNb+e(ky )

V.G.Nosov and A.l.Frank. Phys. At.Nucl. 58, 402
(1995) ISINN 3 (1995)
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Gravity UCN spectrometer with Neutron Interference filters

— = Two NIF with variable space mg=1.02 neV
o - | between them
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Energy (neV)

I.V. Bondarenko, A. V. Krasnoperov, A. |. Frank at al.
ISINN 7 (1997)
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Resonant tunneling of UCN. New effect as a source of
methodical error
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LV. Bondarenko, A. V. Krasnoperoy, A. I. Frank at al.
ISINN 7 (1997)
JETP Letters, 67, (1998) 786.

23 mapta 2023r

27h?

Ar

\ K Oint = Kk = {T* f (kt ki )}
N\ ks

f(K'k)=— =g [F, (F)V(7) ¥ (F)d

Previously unknown features of resonant tunneling of neutrons have
been found which prevents to use NIF for the test of the dispersion law

for UCN

A.l.Frank, S.N. Balashoy, I.V. Bondarenko et al. 2001
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New experiment for the test of the validity of the potential-like
dispersion law for UCN

v, =6 < 36 m/s

-0,05

An/ =(0.6+1.4)x10°

-0,10

Silicon disk P

IH

Transmittivity depends on two parameters: real and imaginary parts of “potentia

e 8J'= <3x107°if SW =0
N (L1+J'+i3") ('~ ib") _
m 5J"= <3x107°if dVv=0

U=V-IiW =

G.V. Kulin et al, 2014
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To verify the validity of the potential-like dispersion law for
UCN we propose to measure the time delay of a neutron
passing through the refractive sample.

In such experiment will be measured velocity but not a wave
number.

i d d _
y : Al=—— Atzd(l nj V=nvu, >
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What do we know from the experiments concerning neutron

velocity inside the matter? Cold neutrons

Quartz sample

) @, +00¢ .
= 3 10
c
U0 =
Ul d Z
©
o]
e ®
()
1-n d 0 2 4 6 8 10 12 14 16 1
A@ — Q)L Thickness of the sample (mm)
n v
b pb, 1078 A—2
Material -
experiment tabular value
Larmor clock Si 2.09 £ 0.03 2.15
Be 9.65 +0.02 9.63
Graphite 7.21+0.13 7.5
A.Frank et al. 2001 o
The precision ~ §(pb)/pb ~ 0.005
14 April 2024 Frank, ISINN 30, Sharm El Sheikh
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What do we know from the experiments concerning
neutron velocity inside the matter? UCN

Accelerating Medium Effect

i(kox-0ot) |

io(D) gi(krx-ort) A® = kaAt Atzi(l_—nj

AE = 7o

n
e

(O e @,

The aim of the experiments was to detect firstly new and rather small optical effect

The results were in reasonable agreement with theoretical predictions based on several assumptions.

Declared precision was about 7+1092% V = nv0!

A.l. Frank, P.Geltenbort, G.V.Kulin, et al, Phys. At. Nuclei, 71 1656 (2008) .
A. l. Frank, P.Geltenbort, M. Jentschel, et al.. JETP Letters, 93 361, (2011)
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What do we know from the theory concerning
neutron velocity inside the matter?

2) A.Frank, 2019

In general case dispersion law may be representas k= F(k;

It was shown recently that in this case effective mass of neutron in a matter is m = 2mkF’

hk :
Due to k-number in a matteris k =nk, neutron velocity in a matteris V =— V #nhv, if €#0
m
2 2 2 . . . . . md
If we suppose that K = ko — 47Zpb +& (ko ) then the flight time of a sample with a thickness of dis T = Py
mL d8 47rpb—g(k2) . . de
T = 1_|_ _2 n=|1- % m =m[l+d—k§]
in k dk;

The experiment for the measure the neutron flight time through refractive
sample is sensitive to the correction term to potential like dispersion law !!

14 April 2024 Frank, ISINN 30, Sharm El Sheikh 16 FL'B.P



Proposed experiment

k? =ki —4mpb+2(k?) 2?2

UCN md de
p=——| i —
NIF - monochromator hn kO dko
N\,

J
Chopper____, po | rotating disk (si)
modulator - N K

The aim of the experiment is to compare

UCN t phase shifts of the count rate oscillation for
At=AD/w» : :
the case when sample is at rest and is
| . l spinning
BYAYAY
t

UCN 110 neV. The estimated delay time due to refraction in
silicon with thickness of 2mm is about 200 mks
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Outline

* Introduction. Well known relations concerning refractive index and
dispersion law for neutron waves

* Theoretical predictions for the corrections to dispersion law of cold
neutrons

 Specific properties of the potential-like dispersion Law (PLDL)
* Experimental approaches to the test of the PLDL validity
* Proposal of the alternative approach
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To verify the validity of the potential-like dispersion law for

UCN we propose to measure the time delay of a neutron

passing through the refractive sample.

The main motivation is that such time delay depends only on
difference of neutron velocities in vacuum and inside the
matter. And velocity unlike the wave number, is a real value.

Yy
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d

14 April 2024
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