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Only the case of v=const was considered

The only observable effect is the phase shift

The case of accelerating matter

-

FIG. I. Phase plate of thickness D moving with velocity W in 1. F. KOW6.|SkI PhyS- Lett .A. 182 (1993), 335

one beam path of an interferometer. x-y coordinate system is at

rest but x =0 coincides with the plate entrance surface at =0 as 2. V.G.NOSOV, A.I.Fran k Yad . Phys , 61 (1998)' 686

shown.
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Accelerating matter and the equivalence principle

n —refraction index

L
— —
g Detector

-
<

due to the equivalence

1. In both cases the energy, measured by the detector, is the same

principle

2. Introduction of the refracting slab does not change the energy
due to the energy conservation law

Dt = Lad-no
l 3. Delay time due to refraction is Dt ‘V%T;
During this time detector will accelerated Dv = gDt
Detector DE = mg 1_n B
F.V.Kowalski, 1993
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Elementary theory ()

Main assumptions

1. Effective optical potential is also valid in the case of accelerated matter

kZ=k?*- 4prb U=2ph2rb VERSRVERRVE: vﬁziu
m m
2. Quasi — classical approach is correct e(t) >> tﬂ
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Elementary theory (2
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Elementary theory ()

} 2,2
1/v Vi (Vz V1)

Vi -
> e - e, @MVy(V, - V)
V., V, <<1/v
L
<<t _ » W(t :d_v
Vi- Vi Var Vi =%
Vo - VS'Vﬁ _ 0" VS'Vﬁ
V- vV, @ — Lw(t) DE=¢ -¢, @ — mw(t)L
Vo Vo - Vy Vo - Vy
1-n
DE=mw——L kL >0
n U

V.G.Nosov, A.l.Frank, 1997

24 February 2006. XL PNPI Winter School 8



mE
Interaction of neutrons with accelerating matter FLlY :}

Oscillating slab

Most realistic case from point of view of experiment  x(t) = gsin Wt

dx
\Y S s aW << ,/vi - vi,v,

U
eo—maM - V2 vb)ecosWt cos\/\f?t-—
ha-ve g
Vo~ Vo~ Vp L<<1_

e - e, @ maw’L v sinWt m
DE WAL 2 DGt e
@ maW’L ——sin VU

N
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Preliminary estimations of the experimental
conditions

1-n .
DE @ maW’L ——sinWt  kob>>2 7
n

Sislab 0.6 mm thick W=2pf » 250rad/sec w » aW? =7.5 103 = 7.59

= =7  10°cm-1
) vo=450cm/sec  k, =7 10°cm V =30 cm/sec
- n

- » 0.45
V., €
~ s 4 >> 0 =0 ~
koL=4.27 10 >> 128 =10

DE, ..~ 2 10-1%V
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How to measurethat?

—e- AT = peeesas awELEsw BELE

TOMUHHY 06pa3La) BHIMONHAETCS He Xyxe. B utore

€~ £ ”5"B.‘iiﬂnt, (7.1)
MPHYEM XApAaKTEPHOE M3MEHEHHe 3HEPTHH HeHTpPOHAa COCTABNAET B AaHHOM
ciysae B=0.6w3B. Dra BenMUMHA He CAMWIKOM naneka oOTF THHNYHBIX
SHAUEHWH SHEPTETUYECKOTO paspellieHus criektpoMetpos YXH. OtMetum cuue,

PO 199
YTO B NAHHOM clyyae KOnebaTeNbHOTO [ABMXKEHHA pPedYb MIET 06 M3MEpeHHH
BPEMEHHOH 3aBUCHMOCTH 3HeprHH HeidTpoHa. OQHA M3 BOIMOXKHOCTEH COCTOMT
0.1 Hocos®, A bpanc B MCHOJB30BAHHH TIPABUTALHOHHOIO CIIEKTPOMETPA ¢ HMHTEPDEPEHIIMOHHbIMU
¢unsTpamu [21-22]. Tlo oueHKaM, YyBCTBMTENbHOCTb 3TOTO MpHGOpA K CHABHIY
BIAMMOTERCTINT. MELTEMHBIX HERTPOHOB SHEPTrHH MOXKeT ObiTh nopsinka 10-1! kaB. HeobxommMo Tonbko, YTo6H pasépoc

C ORMEVILIAMCR  BEIECTEOM
BPEMEH [MpoJieTa HEHTPOHOB MeXay o6pasluoM M HeTeKTOpoM ObUT 3aMETHO

MeHblle nmepyHoda KonedbaHHit obpazua.

It was proposed in 1997 to use Neutron Interference Filters for the
detection of this effect
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Neutron Interference Filter as a quantum

monochromator
— <— Energy of the 10}
State e I
\ g 0.6
£ 04|
s
|_

0,2+ J
0,0 -
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U =01,
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Potential structure of the filter -
monochromator

Ni

TiZr TiZr
Si
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UCN spectrometer and Interference filters

Two NIFs with variable

. [ ] . distance between them mg=1.02 neV
! ——— § I
Detector S Jk
” )

L | L
100 200 300

|| Energy (neV)
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Interferencefilters —neutron Fabry —Perot
interferometers

UCN Filters
Ni/Si and Ni/TiZr

Multilayer structures on a Si wafer.
Number of layers 5-120. Typical thickness of a layer
200-300 A. Uniformity 2-3%
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Idea of the experiment

Variation of the UCN energy

Ad
’ 30- — | —
UCN_= ] | i i
Tl %
e R @ ol
% ol
®/ 0 £ 204 1
T | > ? Y
g |
{154 i lVarlation of the count rate
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S— = 10-
>
S ] @ Q
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Methodical Problem 1: filtersvibration

Velocity of the vibrating filter V » XW

vibr

DE 2v..
» —vibr DE = szﬂ
E Vv, V,

E=107 W=250 v =450

Vibration with amplitude € =10 mkm is equivalent to the energy
oscillation with amplitude DE = 10-°eV
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Experimental installation
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Methodical Problem 2

Variation of the slab velocity results in the variation of transmittivity

0,68 -
’ Transmittivity of the 0.6 mm thick Si plate

o

o)

o
]

w = - aWASin(\W)

Transmittivity
>
SN
1

dn V = aWcos(\Wt)
0,60 — E E
AR ]

0 o5 100 16Energ§7181eV)115 120 125
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Experimental strategy
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Variation of the UCN energy
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o,__

| » I ,[L+asin(W) - bcos(Wt)| a,b <<1

dF
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Effect of acceleration

F(h) - Bg
F(h)

Velocity effect

/ \ /\ / A
/ Ny 4
_ amodk 005 /\ \
\

‘ =

T T
15 20 25

Distance between the filters (cm)

P() =

0

=1+ a’+b?xcos(WM+j) | =arcsin

a

Experimental strategy — the measurement of the phase
(and amplitude) as a function of the distance between filters
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Methodical Problem 3. Dependence of the transmitted
spectrum on the position of analyzer

. . . € Ho .u
P(t) =1+ Axan|\W + » P(t) =1+Axsind\CE+—=+]
(t) (Wt +j ) © BT+ 0
2
7=2P = 25ms H . 140ms
W y
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Oscillation of the count rate

1,10

3 105 |
2 1,05 %% H
‘g‘ .
O N
© 1,00 ; l/
©
(O]
§ .
g %
= 0,95
E e
i %/ Point 22.0
% Measured 21July
0.90 + % % Count rate 7.26+ 0.08
) ' ) ' ) ' ) ' ) ' )
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Time (sec)

f(t)=1+Asn(\Wt - j )
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Experimental results

0,10 ® Experimental data) _
1 — — - Simulation (vibration with 4 mkm amplitude)
— Simulatiom) -0,6
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S 007 = |
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$ 006+ 2 | No energy change at
o - 5
— 2 144 ~the passing through sample
© 0,054 9
3] c 4
© 4 =
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Conclusion

1. Experimental results are in qualitative agreement
with theory — neutron changes its energy when
passing through an accelerating sample

2. There are not quantitative agreement with theory

3. The reasons of the discrepancy are still
incomprehensible.

Thank you for your attention!
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Wave function
x(t) Y, = ol (Kox-wot)
] & il
:"I—m(VO' V%-V%)éX(t)- Xée;- 2L Z%l;ll,
v, @k wotlgt S N 34

e e ou

~dx dx L 9 h
e - €, @m(vo- vi- vi () - —=%t- ——"U et) >> —

gdt dt 8 /Vg - V2 pl t
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Test of the vibration
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