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@PNPI

TTnax

J OcHoebr aMHaMUueckoir au@pakuum HelTpoHoe. Ougpakuma no Jlaya
J OcobeHHOCTU AUPPAKUUU B HELIEHTPOCUMMETPUMHOM KpUcTanne

J HeiATpoHHAA ONTUKAG HELLEHTPOCUMMETPUYHOTrO KpUcTanna

dJ TTowcx 3OM HelitpoHa

d Ougppakuua no JNays npu yrnax bparra 6nuskux k 90°

J [leqpOpMUPOBAHHLIM KPUCTANN UNU AUCPPAKLUA NPU HANIUYUU BHELHe
cUnNLI

J Tipoeepra cnaboro NPpUHUMNG SKBUBGNEHTHOCTU ANA HEUTPOHA.
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PasnoxeHue no sektopam

0bpaTHOU pelueTKU
UQ =2n/d Vx)=V(x+d)

d W  PaccMOTpUM BeLLeCTBEHHbIN
W noteHuman V(r), T.e.
_ *
N\ V=V,
|/ A V|V \V/ I

0 d //
Vir)=>) Viir—r,) =) V, ex -iri///i/_+ Jv, cos(gr :
(r) = L Val(r = ) = £V, expligr) n;<)

Kaxxgas rapMmoHuka xapakrepusyetTca amnsinTyaoun a pasou

2mh?
m

/ Sre 9"V (1) = —

N,F,,
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Ycnosue bparra :

Ycnosue bparra BbINOSIHEHO TOSLKO

Ansa ogHou nnockoctn g
J D j (2 k

V(r)e vV, +X2vg cos(gr + o,), 7 “
_{j S
e o Ne# Z

; ; k Ak
VN(r) = 21}; cos(gr) 0

YcnoBue bparra ¢ yueTom npenomMneHuna Ha rpaHuue

2dsin (6 ;| =2 2k =g E,=E

y ktg
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‘.Elsyxsonl-loaoe npubnuxeHue

Nwewm pewenve ypasrverns Hly>=Ey 8 Buge 1) = qa k) .5 (Ig|k + g)j

k) = exp(ikr) u |k + g) = expli(k 4+ g)r]

AsnatoTca cobCTBEHHLIMU COCTOAHUAMMU YpaBHEHUA LIJpe,D,MHrepa

Ho|k) = Ex|k); Holk + g) = Ex, |k + g).
OCHOBHOE ypaBHeHMe anHaMmmnyeckon andppakumm
by+Vo Vo a | _ [ o
Vg Ly, + Vo g ag )

V,— onuckiBaeT nepexopbl |k> — |k>, |k+g> — |k+g> (pacceaHne Bnepen)

V, — onucelBaeT nepexoapl k> — |k+g>, n obpaTHO (bp3arroBckoe paccesiHue)
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AucnepcuoHHas nosepxHOCTH

y YpaBHeHMe Ha k
Ycnosue paspeLunMoCcTi CUCTEMbI YpaBHEHWUM
pa3peLleHHble B KpucTanne

(Ek—g)(Ekg—e)—(Vg)zzo, rne e=E—V

3agadva ctaunoHapHas,
—_____— T.e.E=const

Mpu TouHOM BeINONHeHuM ycnosus bparra £ =L,

3D = K2+ |U,|, E"=exv

g

2
rme V, = h°U,/2m,
\K+g

Mpw nepeceyeHnn yposHen |k> n |k+g>
(paBEHCTBO 3HEPrun) ABa COCTOSAHUS MOSTHOCTLIO
nepemeLLMBaloTCs, a YPOBHU OTTankuearTCH
Ha KOHEYHOEe pacCTosAHne
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BonHosas PyHKLUUA

CI/IMMeTpVI‘-IHaFI N aHTUCUMMETPUYHAaA KoMOuHauus

ypt \/-[‘”’Lm +(e'*7 9] = V2 cos(gr/2) expli(k") + g/2)r).
v® = ﬁ[e‘k gl 9] = \/2sin(gr/2) expli(k® +g/2)r].

Pacnpepenenue «nnotHoct» P @S0
HEeNTpoHa B KpucTanne AONe

W2 = 2cos?(gr/2) = 1 + cos(gr), ;g._l‘._)

9 \‘\

o Y

B - - e /
INNokann3oBaHa Ha NIIOCKOCTAX e /. 7 k+
k | @—]| '8
BOF=1—cos(gr). R[OS
Y| =1 —cos(gr). / / 5
!/ max |V (2)|
Mexgy nnockocTamm e
/| (1)|2
max’w
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MasTHuKoBaS KapTUHaA

NHTepdepeHuuns BonH (1) 1 (2) npuBoanT K Mogynaumm
MHTEHCUBHOCTMU MO BbIX. MOBEPXHOCTU KpUcTansaa u ot
yrna bparra

fan e/iun 0,

-IiO -05 CIJ 05 I.IO -0 -05 0 05 1.0
T T T T ¥ T I T T ¥ [ T T T ;

160

20+

80

Intensity (neutrons /minute)
o
o

20f

08 04 0 o4 —og ° '{-0'.4)'_5'0'.4’
Scanning Slit Position (mm
2|V, ltebp
C.G.Shull, Phys. Rew. Lett. (1968) 21, 1585 O = AkL Ak = | ;;‘ S
U |

16.03.12 46 3umHaga LWkona NMNAD no $KC 8



@PNPI

‘ﬂByXKpVICTOJ'IbHGSI NUHUSA

B aByxkpuctanbHOW reomeTpun no Jlaya
BO3HMKAET OYeHb Y3KUN LieHTpasibHbIW MUK

Si
} (400)
T (8 scans) ,, LN i/
£ P
r1500 ol
0,007"=3.5 10%pap /NN
f Pee o B T
’." \.\
1100
-001 0 001 002" ¢

U.Bonse, W.Graeff, H.Rauch: Phys.Lett. 69A (1979) 420 -
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APpgpekT bopmaHa A

g @—|
Zoam as ’
Pasnnuune B nornoweHmm BonH (1) u (2) ISP Q-
0, TN’ - Q- z
7 l‘—: /‘ ,/ ktg
E(l) = Eg + X A ST SNGNE el
g:‘ 0 / . N 9
/// ma%lw( )|
2(2) — EU o E : max|”*/mI2 o)
) Y[ =1 — cos(gr).
vV ZO- — Vv Z@Xp (?Jgri)g

_ I
< \ i i [P= 1+ cos(gr),

AHee norJjioweHne n g-rapmMoHmKa

]
T.e. MOXeT BO3HMKaTb CUTyauud, Korga E >> E
N NOrnoLleHne ogHoM nu3 BeTok byget (1 ) (2)

CUIbHO NogaBJieHo

16.03.12 46 3umHaga LWkona NMNAD no $KC 10
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(220) nnockocTb kKpemHUs

MornoLeHne onpeaensietcs apdekTMBHON TonwwmHoi kpuctanna Lejr = L/cos(0p)

N
(1,2 5 1 Lf-:.ff
ay }l — |aél.-—ljl| = ?{3}{1}(— 9 (X £ Xg)).
Leﬁ,cm 2

88 103 125 103 156 v vew

— OJJ,IHOKp AcTanbHasi cxema
= = OBYXKpWCTanbHasa cxema
— «|=6e3 y4gra aHoManbHoro

1< nppxoxaeHus

~

:j‘ = 1\\ Zm:O.OScm_1
201 / / N i\ 2,<0.003 cm
B "\

N

1y
Y

T.e. AnvHa NornoLweHus
ons sonHel (2) >300 cm

0,01 : : : : ;
76 78 80 82 84 86 88
¥Yron Bparra

E.O.Bexnes, B.B. BopoHuH, N.A. KysHeuos, C.HO. CemeHuxumH, B.B. ®egopos, MNpenpuHTt NMNAD-2884, 2011, 17 c.
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HeueHTpOCUMMETPUUHBEIU KPUCTANI

Y "nuclear" (1 )
Mpu audpakumm HENTPOHLI eridiesd k” ) kl(l )
KOHLIEHTPUPYIOTCS Ha «A0EePHbIX» Sy M -
NJIOCKOCTSAX, MO0 MeXxay HUMMK, "electric" -
T.e. B 0651aCTAX MaKCUMYMOB MU planes ) k™) (% p— _‘ oy k 0
MUHUMYMOB filepHOro NoTeHumnana 7
(ABUXKYTCA NO «sAAEpPHbIM o = _. -—-- _‘ == .
penbcamy): 0 \ g . 7
B, |- = i~ = = =i A =
/. il / k .|.g
k,  pooAk gy @,
0 7
(1) 12 — 2 — / / (2)| 2
|y |'=2cos"(gr/2) =1+cos(gr), // max|V¥
(2) 12—1_ ra
[P ["=1—cos(gr) 4 ()2
max ”W

N N
Ve =21, cos(gr) B HeLleHTpOCUMMETPUYHBIX
VE = ngE cos(gr + A(gg ) Kpuctannax A@# 0]

E(r):—grad VE(r):ZVggsin(gr+A(pg)
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dnekTpuyeckoe none
VE)=2V, cos (8T +A4%)

\ —> >
HeATPOHbI KOHUEHTPUPYIOTCS . V() :2VgNCOS (§7)
Ha «AAepPHbIX» NJTOCKOCTSAX,
nmobo mMexay HUMK, T.e.
B 061acTAX MakCMMyMOB
UM MMHUMYMOB SIAEPHOro
noTeHumana,

[max |W(1)|2] [max |”W (2)|2]

roe B HeUeHTPOCUMMEeTPUYHOM KpUucTtarnrne
neﬁCTByeT CUJIbHOE J3J1IeKTpnu4veckKoe noire.

E, =" |E(r)| @O -0 | E(r)| W CE gV, sin Ag,
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3aBUCUMOCTD IVgl OT OpUEHTaLUU CMNUHC

V,| = v — (e H?) — D(cE,), rae H, =

T. €. |V | 3aBUCUT OT OT OpUEeHTaLunn CnuHa. ﬁ Ak —

[lepeBOpPOT cnnHa NpuUBOAUT K
casury doasbl MasiTHUKOBOM
KapTUHbI Ha BENMUYNHY

' dasza MasATHUKOBOM KapTUHbI

:m
D

[E X ’U”] B

h’UJ_

3aBNCUT OT OpneHTauunun CrnnmHa

| = AkL

AuHS I, ek L Cb N
Aiﬂs _ ; g — g g
h e 2 Hanuuune HeHynesoro OIM HeNTpoHa
NPVBOAMT K CABWIY dasbl
ADFE, 1L 4DFE L

.&{,OD = A J tg HB-

hU” hv

16.03.12 46 3umHaga LWkona NMNAD no $KC 14
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' CABUr asbl MASTHUKOBOWU KAPTUHBL

Kpuctann keapua, nnockocTb (1120)

1900
H N(1/2500™) A
fti 1700
| 7
1500
F
1300 [TTTTTTTITT T T

LI |\|I|IIIIII\\I|III|III\\\\\II||||||\\I\I\III||\\II\\|I|

1320 1360 1400 1440 1480 1520 1560 160
N(1/2500")
1500

D
1300
=

1100
1200 1250 1300 1350 1400 1450

QB, ycn. eq.

I'IepBoe n3mMmepeHune BeJqiImn4inHbl NIEKTPUYEeCKOro nosns

Anekcees B.J1. n gp. >KOT®, 1989, 96, 1921-1926.
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@PNPI
‘Bpaw.el-lue CNUHA HEeUTpOHa

Hanuuve anekTpu4eckoro nonst AOMKHO
NPVMBOAMTDL K BPALLEHMIO CMIMHA HETpoHa
H’ X BoKpyr H *Ha yron

B 2uH, L _g,eE, L
_hvcosﬁB_ 2 mpcz

A P,

Ons (1120) nnockocTv KBapua

A p,=71t/2 npunlL=3.5cm

[1pn 4em yros noBopoTa MMeET PasHbIN
3HaK ans AByx DNOXOBCKMUX BOJTH
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Henonspusauus npu augpp. no

Eﬂﬂmmmam NHTEepepeHLUUno 6I0XOBCKMX BOSH B KpUcTanmne, To A0SKEH
HabngaTbca addeKT genonapusaunm

[Mpu gndopakumm no Jlaya Ha nnockoctun (1120)
npu TonwmHe Kpuctanna L=3.5 cm ny4vok
OOMMKEH ObITb MNOMTHOCTLIO AENONSAPU30BaH, YTO
N Habn4anockb 3KCNepMMeEHTarbHO

120 —tr . r - r -~ 1t r - r°r 1 1 7T

. | E (10® B/em)

115 | o -A|l
(40,5)° - e -B ;
110 | 4 2,70

105 | -

E(110>=2.2-1088/cm o | T
ST 0 17 T 1

4 1,95

:

:

80 |

75 PR IR NN TN (N SR NN T [ S N S N S T
4 6 8 10 12 14 16 18 20 22

tg(@;)
BoponuH B.B., JllanuH E.I'., CemeHunxun C.1O., ®enopos B.B. NMncbma B XKITO, 72 (2000) 445-450
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Yuer UHTepgepeHLUnn

BonHoBas yHKLMS BonHoBas dyHKuus
HaneTalLwero HeuTpoHa npoAndparMpoBaBLLIEro HeNTPOHa
LT X _ﬂ f Fay 5
L | (E—T) S\ I k. 1% co%%“b”
Yo=—7\ = |- p Yo = 7
S V/2\ et ) V2 \ e cos —”—2&“
Torga nonspusauus B =lea=10,

ObyoeT paBHa

cos ¢y + cos Agy
1 + cos ¢ cos Agy

Sy P R 5
P— (Vg |{"|{+f’ﬂ >} Q\j}; B = (gy> —

(FTE)

sin ¢ sin A¢y
1+ cos ¢ cos Ady

_‘V VM ~1T " Ona (110)

l MIOCKOCTU
KBapua

P,
2VyL  2uH,L g
hvcosO, HhvcosO, o 4 eff

bo=
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‘ HeutpoHHaa ontuka HLIC kpuctanna:

W W
¢’(r) — ei(kr) [1 + g ei(gr)%

Deviation from

Bragg condition

E= ()| EM)|gr)= &,

g
EK _EK
g

Electric field depends on
i a deviation from Bragg j’

condition E(Neutron energy)

‘M. Forte, J. Phys. G: Nucl. Phys. (1983) 745-754.
*V. G. Baryshevskii and S. V. Cherepitsa, Phys. Stat. Sol. B128 (1985) 379-387.
* V. V. Fedorov, Proc. of XXVI Winter LNPT School, vol. 1, Leningrad (1991) 65.
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\
dneKTpuyeckoe none

-1,0

1,0

Eheo

quartz (110) plane

- | +0.8-10° Vicm --0,2 L.=14 cm
h _ - Pgs rad Bragg angle ~ 86°

.

-0,1
% Variation of
the AT on +1K

N
o TN

0,0 l

E = x 10®V/cm

0.1

- . 8
£0.810 wch
02

4

2

0

AT, K

V.V. Fedorov, |.A. Kuznetsov, E.G. Lapin, S.Yu. Semenikhin, V.V. Voronin, Physica B, (2006) 385-386 1216-1218.

4

16.03.12
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#D=ed

AM HeutpoHa o

Non zero EDM means the P and T P - spafial inversion |
violation € - particle - antiparticle inversion

T - time inversion

D
|
T | CPT theorem
Dfu | o (Liders (1954): Pauli(1955))
S | M (Our world is CPT invariant)
D
4
P Non zero nEDM means
CP violation
S

7
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Standard model

SR

d ~(10-31-10-3%) e cm

New physics to explain the

baryon asymmetry
(experiment - n/n~6 10-1°

SM - n/n~10-18)

SR

d,~(105-10-%0) e cm

—

—
ha
L]

o
B

—

Upper Limit of Neutr

—_
]
[#)]

—

ha
]
TTT

in-flight magnetic 5
resonance ]

_ Neutron
L /
e
-
- | UCN magnetic
i resonance

] ] |

1950 1960 1970

1980 1990 2000 2010

Year
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‘Hef«'n'pon-l B 3ne|<1'pmqec:|<0M none

il +£ &
< 2(E-D)

ol -E @, =2(E>D)7/h

Sensitivity to nEDM ‘ O' ~ F [RY, N

Current accuracy to d,
Corresponding size from Earth is

tD=ed
& =@

16.03.12 46 3umHaga LWkona NMNAD no $KC 23
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d /R ~ 301073,
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YyscTButenbHocTb k DM

- .

Crystal-diffraction method

-1 /
g ~ ET N Electron bonding energy ~ a few eV

E~ grad V, ~(0.1-1)6V/cm

UCN method

E ~ 10 kV/cm
T ~ 1000s (time of life)
Et~ 107(V-s)/cm

1,~001c

(absorption) ’

Et=10° (V-s)lcm ;

Et

!

107 (V-s)/em
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@PNPI
‘le.esl 3M skcnepumeHTa

T=T,+AT
_— / '\\* .

I L
1
1

son”|  +E | -E (T

A
A T PG (002)
24 (1+EAT) == 2~ === — - R~50% Detector
2o -~ For (110) plane of quartz crystal
Al i
AT=1K | Ak [H~10°
2d(1 -EAT)} - - === - - - - B
d ((9 ) For 102 reflection
2d ,sin
24 . E|| v,and H~[E x v,]=0
W2 Bragg angle
46 3umHaga Lkona MNAD no $KC 25
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‘BKcnepmmeHmanasl YCTQHOBKG

nornoTuTenb

p—

PG (002)
(R~50%)

oTpaxarlLuas CBepxXnpoBoasALLnin

NAOCKOCTb aKpaH
(110)
BbIXOAHOM BXOAHOW
HyTaTop T=T o AL
0

SM nonsapusartop

nornoTuTenb

oTpaxaroLyan
NIOCKOCTb

AeTeKkTop

Lent — (2-3)10%* e cm

E—

cnvvl\H-(bnMnnep

16.03.12
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WsroToeneH Kpuctann

100

[MpuroToBreH cocTtaBHOM KpucTansi
KBapua — CyMMapHbIN pasmep
105x100x500 mm?®

(15 wT. no 35x100x100 mm?)
pa3bpoc MEXMNOCKOCTHOIO
paccTosHUA NMPOTECTUPOBaH
HoBbIM MeTogom Ad/d= 210

neutron g

beam

16.03.12 46 3nmHaga Wkona NMNA® no ®KC
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@PNPI
'3-D aHanm3 nonapusaumm

Nb Magnetic field || | =
surface of the P
superconductor.
n 7
K H,~0 H,#0
H -0 Current accuracy of spin
L~

orientation is

~10-2 pad for routine experiment

~10-2 prad can be reached for special cases

F. Tasset, P.J. Brown, E. Lelie’ vre-Berna, T. Roberts, S. Pujol, J. Allibon, E. Bourgeat-
Lami, Physica B, 267-268 (1999) 69-74
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CRYOPAD-EDM

Cuctema 3-x MEpPHOro aHanusa
nonapu3aunm, OCHOBaHHAaA Ha zzgzl)ll}g
NCNOMNb30BaHNUM CBEPXNPOBOAALLMX

9KpaHoB.

(110) plane
Meissner cavity

incoming
nutator

OCHOBHbIe TeXHUYeCcKne XxapakKTepmMcTUKU CUCTEMbI:
BHyTpeHHU  auameTp  CBOOOAHOro  MpPOCTpaHCTBA AN pasMelleHust

akcnepumMeHTansHoro o6opyaosanus — 600 MMm.
Pasvep BXOOHOrO W BbLIXOAHOTO OKHa [Ans Mydyka HEWTPOHOB COCTaBnsAeT

100X100 MM2 BxoaoHoe 1 BbIXOOHOE OKHa IKpaHa O15n4d npoBOAKN MYyYKa

y 3
HeTPOHOB NnockonapannenbHbl Apyr Apyry ¢ TouHocTbio He xyxe 10 paa.
TOYHOCTb M OAHOPOAHOCTbL MOBOPOTA MONAPU3aLMM Mo BCEW anepType Mny4yka He

Xyxe 10° pan.
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O0bwas kKoHuenuus

CRYOPAD-EDM

KaTywka Bpawatowero MarHuTHOro nonsi 9=

magnetic
frame

superconducting
L NbTi coil

1.5 mm gap for
MeiBner screen

) |
beam section il
10x10 cm?

space for
winding
the coil

piece

16.03.12

OOHOpPOAHOCTbL Mons B

paboyen obnactu ~ 10
46 3umHaga Wkona NMNAD no $KC
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@PNPI

|
Ougppakumsa no Jays npu 0 ~90°

Time of neutron flight is
determined by

=

T =L,
v, = Nk cos & =vcos G, :V(LT—QB) for G, ~ 7t
m 2 2

For instance 6,=87°== V = V(1/2-6,)=V/20
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DPPEKT «3amMeas1IeHUS» HEUTPOHA

80r
70+
60

50 F

-—
- \ ]
N ’

~a

0.8
0.6
0.4
0.2

0.0

0
40 50 60 70 80 90

80 70 60 50 0

40 60 80 80 60 40

(110) plane of quartz

T, ~1ms
(L=3.5cm)
for 5;=87°
—
v,£40 m/s

While
v = 800 m/s

T~20-T,

B.B. BopoHuH, E.I". JTanuH, C.FO. CemeHunxuH, B.B. ®enopos, lNucema B XX3TP, (2000) 71 (2) 110-115

16.03.12
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@PNPI
TlocnencTeus 3PPeKTa «3ameansieHus»

[MornowweHune onpeaenseTca aPEeKTUBHON TONLWNHOW KpucTanna

Lesy = L/cos(0g) noznowenue ~1T= L

vcosO,

dasza MaaTHMKOBOM KapTuUHbl U caBur dpasbl 3a cyeT 3M HenTpoHa

1 _ 4DE,L

y D
, ENCTBUTENBHO
cos0, Ay

pacTeT Kak

hU“

E,—E 27y
(I)():((Dl—(x)z)"f:%r: hg L

veos,
vecos 0, g 5

o o o o 2
OdbdeKT OT BHELLHeN cunbl AencTByoLWen Ha HelTpoH gT 1
(Hanpumep NageHne B rpaBUTaLMOHHOM MOJSIE) 2 003293
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@PNPI
TpaekTOpUS HEUTPOHA B Kpucranne

_[ is normal to the dispersion surface and depends on a
deviation from exact Bragg condition

ZA I /
AG, // AG, ~(1-5)"=0.001°
o LE I 9, ~ 45°
> B
o v NG L[ i
/ K, Gain factor
20, E

< L >
2tan(6,) L \ NGB |4
(Borman fan) B g
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@PNPI
HeutpoH B AecpopmumuposaHHOM
Kpucrtanne

Deviation parameter a(y,z) = 2(Ak, >g(y,2))

from Bragg condition kg ’
A _
Z Ak, =k, —g(y,2)/2
'/ Amplitudes a and a, depend on
a deviation from Bragg condition
/ a, (o) and a, (a)
\)\ If o (Y,z) B> a,(Y.Z)and Gy (Y.2)
Y L
direction of neutron current depends
| on spatial coordinates. j(Y,Z)
2tan(6;) L
(Borman fan)
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"Cuna Kato"

“Kato force”, determined by the
crystal deformation

k, 0o 100
A = - 0 + - .
Z Ji(32) 4cos B, Eﬂ; c 0y Ea(y’z)’
a:%, Ak =k, —g/2
0

neutron trajectories
is determined by

| For small deformation the

.

Lp(1) or llj(Z)

AN

0’z N tan(8,)
0y

Y (2)

N.Kato , J. Phys. Soc. Japan (1963) 19, 971
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"Cuna Karo” ana nuHeuHou aegpopmaum

16.03.12

If 8,~(84-88)° => tan2(8,) ~ 100 — 1000

tan2(45°)=1
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@PNPI ol
BHewHsa cuna ©  pegopmauus

Ak, =k,—g/2
Deformation change the External force change
reciprocal lattice vector g neutron energy
Ak, (y,z) =k, —g(y,2)/2 Ak, (y,z) =k,(y,z)—g/2

External force F ||g equivalent to\
gradient of interplanar distance T F
d=d,(1+¢,. % _ n
o(1+¢, %) >~ £ =tan(6,) ey
£, =L ”
F
2FE _/
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Auppakuma HeUTpoHa NpU HaNUUUU /8-

BHellHen Cubl

A Force affecting
the neutron
> N Flz
| Y

n

AN

Gain factor for the diffracting neutron i

For silicon (220) planes I:@

0, (84" +87%)

-

K, =tan’(6,)%2%X0’

16.03.12

Neutron trajectory equation (Laue

diffraction case):

0°z
_2 = i
0y
Equation for free neutron:

0’z

tan’(6,) 7T F,
d 2E

m,

F

—_— n

0y’ B 2F,

itanZ(QB) 7T

K, =

d

m,

(107 +10%)

10 cm crystal

v W

1 km free flight
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Effective Mass of Neutrons Diffracting in Crystals

Anton Zci]ingcr,(") 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.
Neutroni
A=2.46A
o flat
.E: a /pole E 0 ~
S= faces * g B
3 mim =t— ~—— N
7 <
8, AO.~1/
- 2Vg A B B F/ 29 ~()OO
] \
e = = N B
si(220)— " v 0
o 2
=5 o3
Fo 25
—  m/m =+2.140’
s //\
s
s /\ /

Scanning sli1_7
FIG. 1. The experimental arrangement used in the study of ??What a bOUt T ??

the reduced inertial mass of neutrons in crystals. 1 5
z,="72F/mt
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[syxKkpucTtanbHas ycTaHOBKa

. ) Y

1 68 : S a— : e fjwsl;m?mic
| I | -AS
| i ¥

+A
| — .
\\\
L L Gl

For (220) plane of Silicon:

External force shifts the spot of the
neutron beam at the exit surface:

mtan’(6,) I’ Fo=tal

1 —_
Al (1,2) =+ mdE.

The resolution for this setup is:

— mOEnd
W = mtan’(6,) I’ %>

O — slit size

L=10cm,0;, =1mm,6, = 80° W .~10""eV/Iem=10"m, g

The possible sensitivity of the setup for
100 days of statistic accumulation (with
high flux neutron beam):

16.03.12

O'(Fext) =10 eV / cm
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Mpea skcnepumeHTa nNo usmepeHuro m/m,

F.= F, for the Earth

I I

9 2 M09

m, mg
‘ U
" neutron F.# F_ for the neutron
Non zero force: <
me O m /mf (] 0 [0
R LU B =T
R m. | mé []mD/méEl 0 m; [
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' Mpea skcnepumeHTa no usmepeHuro m/m, (2)&

0 m' O
F =6X407"° - mz eV /cm
0 m, O

F.. changes its sign in the
laboratory coordinate system

I

Daily oscillations
of the F_ sign

The possible sensitivity of the setup:

o(F,,)=10"eV /cm e ~2-107°

R N ml' - mG

m.:
Current accuracy 2:104 (Schmiedmayer, 1989)
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OvHamunyeckaa andppakumna | | | MoLWHbIA MIHCTPYMEHT
HEUTPOHOB B COBEPLUEHHbIX NO3HaHUA OKpYyXatloLlen
KpucTannax | BeicTBUTENbHOCTM
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