Neutron spin rotation in a non-
centrosymmetric crystal.
New possibilities for experiments

on the neutron EDM search. —.
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Outline

e Historical review and motivation of new
nEDM experiment

e Idea and test of the experimental scheme

e General scheme of the full scale
experiment

e Analysis of the statistic sensitivity
e Analysis of systematic
e Conclusion and plan for the future
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Neutron EDM

Presence of the neutron EDM
requires violation of bothPand T

invariance
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Sensitivi‘l" to neutron EDM

Interaction time
/ D " .|.E with E

ol -E o, =2(E-D)t/h

o~ Efﬁ\f

[ 2(E-D)

If size of neutron R ~ 10713 cm,

then ration d./R ~ 6,3- 10713,
<:::> Such a part from Earth radius
IS~ 4 ym-
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Sensitivi‘l" to neutron EDM (2)

Crystal-diffraction method

-1 / E ~(108- 10%9V/cm 1, ~ 0.01c
o ~ETNN (absorption)

A

UCN method Energy of an electron-atom
interaction ~ a few eV

E ~ 10 kV/cm

1 ~ 1000s (time of
neutron life)
Et~107(V-s)/cm
(Current value
Et= 106 (V-s)/cm)

Et

!

107 (V-s)/cm

A
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Historical review

1966

Abov Yu.G., Gulko A.D., Krupchitsky,P.A. Polarized Slow Neutrons; Atomizdat; Moscow, 1966
Interference of the nuclear and spin-orbit amplitudes in a non-centrosymmetric crystal.

1967

Shull,C.G.; Nathans,R. Phys. Rev. Lett.1967 19 384.
Bragg reflection by CdS centrosymmetrical crystal for the EDM search: d_ <7 10-?2e cm

1972

Golub R., Pendlebury G.M., Contemp. Phys. (1972) 13 519.
The idea to use the atomic electric fields for the neutron EDM search. But how?

1983

Forte M. J., Phys. G (1983) 9 745.
|ldea to search for neutron EDM by measuring a spin rotation angle for the Bragg diffraction
scheme.

1989

Forte M., Zeyen C.M.E. Nucl. Instr. and Meth. A (1989) A284 147.
Experiment on the neutron spin-orbit rotation in the Bragg scheme of the diffraction.

1989

Fedorov V.V, et al. Nucl. Instr. and Meth. A (1989) A284 181.
First measurements of electric field of NCS crystal. E =2 108 V/cm for quartz crystal.

1992

Fedorov V.V., Voronin V.V., Lapin E.G. J. Phys. G (1992) 18 1133.
Lﬁue diffraction scheme for the neutron EDM search. Spin dependence of pendulum
phase.

1995

Fedorov V.V., Voronin V.V,, Lapin E.G., Sumbaev O.l. Tech.Phys. Lett. (1995) 21 (11) 881;
Physica B (1997) 234--236 8.
Depolarization in Laue diffraction scheme and sensitivity to neutron EDM search.

1997-
2005

Fedorov V.V. et al
Series of the test experiments on observation of spin effects in neutron optics and
diffraction
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Electric field

_— ° oE r © e | |
; ) E=("|E()|e")=0
ok . o

()| E(r)|w(r)y =0 == y(r)=77?

The case of
noncentrosymmetric
Bloch theorem — W(I‘) e Vn (l‘) crystal

E(r) ~ grad(V,(r)) We should have Ve (r) & Ve (r+ l‘o)
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Laue diffraction

VE(E)= 2V, cos (BT +A49)

N — N -
N V() =2V, cos(gT)
AN
: :! A
;,‘ 1“

hY
‘\ , \ ’n'

OE, =(w" |[E(r)|y") =

=~y [E(0) |y @) =gV sinAg,

V,F~(1-10)eV, g~108 1/em, so it 4 D, 0,

" Wﬁ%ﬂ;’ " k Ir;u k :z;
"efgctiic” T o
W = ‘Af-‘f ﬁ-f:j. hhhhh - - k'l'F

max |2

E,can be ~(108- 10°)V/cm

Experimental value for
(110) plane of quartz E_ =2-10° V/cm
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Bragg diffraction case

Electric field
affected the neutron

\
Neutron wave T=1 | [+ 5 -
function ; y E=a Eg
¢/
. V . L 2NV
p(r) = ™| 14—t W e
EK _EKg K Kgifdeviationﬁomthe
exact Bragg condition
Vi g \inanenergg:;units
E=(y (r) |E(r)|y(r)) #0 E
—ikr —C. 1
e E, =gV, sinAg,
NCS crystal 0 V- E(1-10)eV, g-10° lem, soif ADz0,
—i (k+g)r
e

4 Eg can be ~(103- 10°)V/cm

Forte M. J., Phys. G (1983) 9 745.
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Idea of the exﬁer‘iment (10)
T / ’\\I‘=T0iAT

b
2(d0+__§A)_ Py B ggs(ooogjz)
For (110) plane of Detector
quartz crystal
2o T°- ! AT=1°C
Aks @
l._—._. g
2dyss) —] | _*E Ny AN 1075 =Ahg/\
— T e For nt/2 reflection
24,50 :@ | || v, and
1 - Hs~[E X Vn]zo

TC/2 Bragg angle
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EDM effect doesn't degend _E-d L i.¢s
on a Bragg angle Vi hv, =2 / >/

B
vV, = - const : >
2m : 0
Vi E B
For n/2 reflection ‘
I /2
E|| vV, and -E
H.~[E x v,]=0 l +E
g
Schwinger effect can be EwvjuL E-u-L
decreased down to zero s chv  Ch ctg(0y) I 0

for the Bragg angle close to n/2
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Theoryr—~ .t /

PG crystal | 0.1-
crysta a
T [ R~50% To*AT o0

4 3 2 4 0_ 1 2
s10C

We can control the deviation parameter by

the temperature of crystal.

quartz (110) ILL Seminar 30 Jan. 2006




Two cr'zsfal line (Angular')

For Bragg angle ~ 450 the Bragg width ~ 0.00059

PG
T, (R~50%

Bragg angle

quartz (110)

. o]t

0,2

0,0 +— . . . . —
45 10 05 00 05 10 _ 15
e0

We can increase the EDM

effect by using a series of the
crystals.
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Electric field

E, 1 D! Viem
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quartz (110) plane L =14 cm
Bragg angle = 860

Variation of
the AT on +10 :> E=+10°V/em
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DEDM-V pro ’*ec'r

(search for the neutron EDM by crystal
diffraction method)
ov, S.Yu. Semenikhin,

Russia
. Petoukhov, T. Soldner,
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Scheme of the exger‘imem‘
(110) reflecting
planes Meissner cavity

T=T0iA

neutron

PG
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(R~50%) T=T,
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3-D analysis of polarization

Nb

Magnetic field || surface
of the superconductor.

H,~0 H, #0
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CRYOPAD

Inner and outer
Meissner shield Current accuracy

of spin
Outgoing coil Incident coil ~ ©rientation is

~10-2 rad for
routine experiment

~10-3 rad can be

reached for special
cases

A

Outgoing nutator Zero field chamber  Incident nutator

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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Photos of Cr"ogad (1)
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[Br'agg wud‘rh

Unpolarized Loses for
beam flux polarization

o' ~Ery/N = —TM g/t CD(/I)S P

Absorp‘ruon{ Beam squar\ej

E~1-10°V/cm

L =80cm fori=49A

\
1 112
c ~EtN

| /
w N/
AN

N

04 =exp(-2L /L )
02 / \<
/ \
0,0
50 100 150 200
Setup coeffucnenj L, cm

For crystal thickness L =50 cm

>

—

Optimal length of crystal is
the two absorption length.

¢, ~1.7-10"rad

ford

=10 e-cm
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Statistical sensiﬁvi'r‘ (2)

®=109n/(cm?2 A s) (\=5 A, PF1B of ILL reactor)
S=6x12cm?, P=1/10, K, .=1/8 N=2.1 104 n/s

exp

— quartz SiO,
c,=13-107" e-cm per day | $==m Eg~T1918n\<gcm

Current sensitivity e PbO
:r(\)e:PE\EdM nUen [Gd ~107° e cm per day ]<:: )B:;zswzo LI
~ 6 10-25 e-:cm/day .

?? Fantasy - 208pp 077

[O'd 10727 o em per day J<::| £ ~10°
g~10” V/em
t,~10 ms
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Parameters of some NCS crystals

G Y|

Crystal | Symmetry | Hkl | d, (A) E., T,, E, ..
group 108V/icm | ms | (kV-s/cm)
a-quartz 32(D°,) 111 2.236 2.3 1 230
(SiOy) 110 2.457 2.0 200
123 433 1.75 4.3 4
312 2.72 2.2
Bi,Si,0,, -43m 242 2.10 4.6 2 920
132 2.75 3.2 640
PbO Pca21 002 2.94 10.4 1 1040
004 147 10 1000
BeO 6mm 011 2.06 5.4 7 3700
201 113 6.5 4500

Il We should looking for new NCS crystal !l
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Anal;sis of s‘s’remaﬁc (1)

Experimentally
measured

P. \Pf =M_P,

1

v

AP, =(M,~M )P, =AM P

Residual magnetic field Hr'_'to time of the neutron stay in

Ti (= the crystal for + E
Schwinger magnetic field HS;éO

Ar=(r,—7.)/2 T=(7,+7)/2

ILL Seminar 30 Jan. 2006



0 0 H,
0 0 -H_|+A7/z,
_Hsy SX O

0O -H H

z y
H 0 -H,
-H, H,_ 0

0 -H, 0
AM=g 77| H, O
0 0
H,=(Ed)/1,~\_~
EDM

g, = 1.8-10* [1/6s/s]

H~[Exv,] 1 E||Z

Schwinger Residual magnetic
field

EDM and Schwinger

effects give an

orthogonal matrix
elements

3D spin analysis
allows to separate

the EDM and
Schwinger effect.
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What we need to reach o,<10-26e cm?

~ AT
Schwinger effect I:>HS =H, ><5y Residual magnetic field £1. =HZT—O

H_=10"Gs
%:1.10-3(5Tz0.01OC)
E=1-10° V/Ocm LI \/
D, Hm (107 s
H,=1.7-10"6s

=6 107 cmj
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Summar'; of the s‘stemaﬁc

Residual magnetic field

Value

Time stability

3D analysis of polarization

The crystals alignment

The ATO control

H ~107Gs

AH ~107Gs/ hour

5y ~10" rad

~0.02°
~0.01°C

\

/

[cd <610 ch
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Summar‘ of the exﬁerimental scheme

* Possibility to reverse of the electric field.

» "Zero" Schwinger effect.

- Possibility to control and suppress the systematic.

* Low influence of crystal quality. (For w,>> A8 the effects ~ AB/ w,,
Intensity ~w, ). == New kinds of NSC crystals

* One can increase the effect by using a series of crystals

For quartz crystal, :> o. ~13-10% e-cm
d o
100 day
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Plans

e Full scale test at ILL (Grenoble, France)
e Time - 2006

e Sensitivity 9, ~ (1-2)-10"* e-cm per day
e Full scale experiment with the quartz

e Time - 2008
e Sensitivity - o, ~107 e-cm

e Experiment with another crystal
o Time-7??
e Sensitivity- 7o, ~ 107 e-cm 7?
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