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‘Neu‘rron EDM ed

Non zero EDM means the Pand T P - SPfl’f_ifﬂ inversfon o _
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‘HisTory of nEDM experiment

Standard model ~17
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Tdea nEDM experiment

n‘rer'ac’non time

D" +E with E

ofl -E 5 =2(E-D)r/nh

A

Sensitivity to nEDM ‘ G_l ~ E’Z' \/ N

Current accuracy to d

4D=ed
o =@

Neutron size R, ~ 10713 cm,
d /R ~ 3. 1013,
Corresponding size from Earth is

~ 2 ym
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2999

Sensitivity to neutron EDM
- .

Crystal-diffraction method
G_l ~ ET\/ N Electron separation energy ~ a few eV
E~ grad V, ~(0.1-1)6V/cm
UCN method o -
E ~ 10 kV/cm | | Tab"' 0.01c
t ~ 1000s (fime of life) | - (absorption)
Et~107(V-s)/cm : ‘
Now ;
Et= 108 (V-s)/cm Et
- | 107 (V- s)/em
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" Neutron optic of NCS crystal o=

""""""""""""""""""""""""" Wave function

__________________ . V .
____________________ B, . v .
K _—K
____________________ g
Electric field \ =
e )/Dewa‘rlon from
._Bragg condition _
_ 21V, |
E=(p(r)| E@)|p(r) = E,
E, —Ey
Electric field depends on
i a deviation from Bragg j’
condition

M. Forte, J. Phys. G: Nucl. Phys. (1983) 745-754. E(N@UTPOH ener'QY)

* 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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Idea of the experiment

2v
— "9 (0.5+0.3) P TAAT
E¢ - EKg T=T, ’\ 0

I :

\ —— 1
Ay A B PG (002)
- - R~50%
2d(1+EAT) - = === == - - - For (110) plane of Detector
quartz crystal
AT=1’K

2, F--
aq
2d,(1 EAT)f === - == - -

|

AN~ 107 =Ahg/A

For /2 reflection

(2d, 5in(6;) = ij E|| v,and

n/2 ~ Braggangle H.~[E x v ]=0
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n/2 reflection == “zero" Schwinger

EDM effect doesn't depend
on a Bragg angle

Oy =

A
For /2 reflection I

E|lv,and
H.~[E x v,]=0 l +F
g
Schwinger effect can be _Ewviul E-uL
decreased down to zero —= %= Chv,  ¢h ctg(0;) Oy o702 —0

for the Bragg angle close to n/2
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Summary of the DEDM project
(ILL seminar 30 Jan. 2006)

* Possibility to control value and sign of the electric field.

» "Zero" Schwinger effect.

* Possibility to control and suppress the systematic.

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

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

For quartz crystal,
100 day =) o, ~1.3-10% e-cm
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Test experiment (ILL-3-07-196) (2006

PNPI : »ﬂ.; \ . ~ B
V.V. Fedorov, - - e
E.G. Lapin,

I.A. Kushetsov,
S.Yu. Semenikhin,
V.V. Voronin

ILL

M. Jentschel, e
E. Lelievre-Berna, NNQEE: Tt A
V. Nesvizhevsky, N\

A. Petoukhov,

T. Soldner,
F.Tasset = |\ ;s

- 'I’
e
B |
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\
Layout of the experiment

6 m

Monitor Beamstop

< ’ (110) plane
Meissner cavity

PG (002) outgoing / ncoming /
(R~50%)
T=TyxA
0 nutator nutator Double crystal
é % SM polarizer PG monochromator
Beamstop 4 \ Spin flipper i ; |
(110) plane SHe cell Y
7

Casemat

nPSD
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Two crystal line

T:T0 0,8
N, arb. unit 06

1,00
- 0,92
04

0,84

0,76
0,68
0,61

sample

rlh
40~
&

X, = (-0.87 £ 0.01)°K
W= (2.42 £ 0.03) °K

N

NV

0,2

- 4 2 AT 0 2 4

o7 AT_=-2.00K AT, ,=+0.4%K

E(-)=-0.7-108 V/cm 1
E(+)=+0.7-108 V/cm
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3-D spin analysis

X time of the neutron stay in
P; T Ti = the crystal for + E

<
ZA/Y Ar=(r,—-7.)/2 T=(7, +7)/2

Hd:(E dn)/ﬂnz 1}

~1.6 1029 E d, [e-cm] N ~_~
H —09EJ EDM Schwinger R.esl,(ljdual magnetic
E [108V/cm] g, =1.8-10* [1/6s/s] fie
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‘Measuremen’r of Schwinger effect s\

The dependence of angular of neutron spin

. rotation on a sample orientation | J!r I:
0,02 beam 9
| | | |divergenge -~ | sample
T
® 00 | | | ; 1. Schwinger effect is
s 1 L1 || |  zerofor0z=90°
002 % : | | 2. E~(0.720.1) 108 V/icm
08 04 00 0' 04 08
sample
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'Spatial distribution of Schwinger /&)

effect

= APzx(x) o
=- - - ° A
o0 AP=-0.0015+0.002(X-X) | JJ 0,010 AP=0+0.0023(Y-Y) zy(y

Tty ATl
| jﬁ/uf/ﬂ,fﬂ i T I 01000_ ,T ‘T ﬁ Tﬁ }
- T

-0,010 . . ; . . , l I !

AP

AP

12 13 14 15 16 17

T T T T T 1
12 13 14 15 16 17
Y, cm

AP=P(AT,)-P(AT)

We should observe the same
dependence for Pxy and Pyx components
responsible for nEDM
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0,015

AP
0,010
0,005
0,000

-0,005

-0,010

a.,
° ° ° ° o~
-
nEDM effect spatial distribution /&\
AP
AP ()| AP [y) | v AP )| 00 AP (X) AEV) APyXE);;
| i j{ o Any(y) B AP @J yX
Slope =4 +4)10™* (41 +4)10> 0,005 Slope - (0+4)1 * (3i4)10_4T
IiIT%I | J O e T
R 3 il RRias s
I % E | L i i 0,005 S .
12 13 | 14 15 16 17 12 13 | 14 15 17
X,Y, cm X,Y,cm
Schwinger A P,.<1.1 10 e e fe ol denend f
- e don'’t see the spatial dependence o
stat. accuracy Is Pxy and Pyx components responsible for
AP~1.5 104 nEDM.
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Residual magnetic field '™

H~(1-2) 103G
Atlty= Ao/, <10-3— difference of time of neutron stay
T =3.8 104, At< 4 107 sec.

The contribution to EDM effect — (_pn=3/27'c o

0,03 e N

@,= H, Atg,< 1.5 10 ; %
H~0.5 G - 0,02 /Y \i\
= 0,01 1

'

quartz -0,01 ]

e
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Ay —=— N(AT=-2.0°)

12 —e— N(AT=+0.4°)

\

;# / \
R \

N, arb. unit
N
\\\\

12 13 14 15 16 17

Effect of spatial beam distribution /§

False effect
AP= Ay oP/dy

Ay~0.03 cm

oP/dy=-2.7 10-3/cm

= 4
0,02 Y, ¢m - APG 08 10
= | AP?% - T A ny(AT=-2.0 ) %
0014 1 ‘ 1 v P (AT=+0.4°) ]
L) Pl b = — Cylinder output
0,0041\ —— sz” e window of
0ot sPioy=2.710°] | . CRYOPAD?
12 13 14 15 16 17
Y, cm
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‘ - . §1
Possible solution 2
Systematic
-ATHAT
0,01 - 3 % | :
0.00 Hz 48 JCEIANeS I We should use right
o L IRERES s SN data processing
0,01 [oP sy L 1]

-AT

0,02 ~ +AT

i | ‘ ] I !

0,01 i T T

S AR =) [ (PP

-0,01 8P/6y | T - Sbeam

12 13 14 15 16 17 S

Y,cm
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nEDM measurement &)

Old processing || New processing

AP, =(0.2+2.3)10" AP =(0.6+2.3)10"
AP, =(2.3£2.2)10" AR, =(1.9£2.2)10*

AP, =(1.0£1.6)10* || AP, =(0.6+1.6)10™
| | P,=0.82 } K =07
Kgo= 0.85 —

Ag, =(0.9+2.3)10"

.

d =(2.416.5)10%* e cm

00064 ® AP

0,004

0,002

0,000 ¢

-0,002 -
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Summary of the test experiment

Main idea of the experiment works

3D spin analysis and positional sensitive
detector allow to control the systematic on-
line with the main measurements

Current nEDM sensitivity 1.6 10-23e cm per
@® day (d =(2.5*6.5)10** e cm.)
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Improvement the sensitivity for

current geometry of experiment

Test setup

Full scale setup

K.

quartz

imp
Crystal length, cm | 14 50 3.6
Beam size, cm @27 6x12 ) K, =280 3.6
S=5.7 S=72 (Vitess
— . . > simulation
SBream collimation, | (4/700) 5= (12/450)4 gives 4.7
3.2 10" =7.1-10%) K =275)
Reducing the 0.85 1 1.17
background
Absorption in 0.84 0.54 0.8

15.10.2007

ILL Seminar

\

dn,e cm
per day

1.6 10-23

&
> K =57

2.8 10-%

©
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‘Beam collimation

Slit on the double PG monochromator 3x4 cm?2

Slits of nutators ~ 2.7 cm
Beam size on the detector 4x 4 cm?

| | 1
| ] \ | )
I \\ ':.,:’
< > « >|

d 3.5m

After 7 meters

“Beam size after

7 meteris @ 24 cm
Collimation

“for test setup

“Collimation
for full scale setup

3.5m

Coefficient of intensity
loses for test setup

Kgn=(4/24)2=0.027

K 4,20.6

15.10.2007 ILL Seminar
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What we need to reach
c4<10-%%e cm?

Schwinqer effect ‘ H~ =H ><5y Residual magnetic field H.= HzT_

[ C4= 102% cm j

Vv, 5, ~107° Z
At 3 0
H, ~107Gs —=1-10"(0T ~0.01"K)
TO
E=0.7-10"V/cm
04 d, =107 ¢,
1077 Gs : e-cm [10‘7 Gs}
-
H,=1.1-1076s

H =10"Gs

15.10.2007 ILL Seminar
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‘Summary of the systematic o

Residual magnetic field \
H ~107Gs

Value

Time stability | AH_~107Gs/hour

3D analysis of polarization 5y ~10rad

The crystals alignment | (.01 arc degree

The ATO control | ~().0]1K

Flat windows of CRYOPAD | &; ~10 "rad y

A d < 10%% cm
P odd rotation is A, =@, 22210107 =107 [ )

Ty

d ~102" e cm
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Possible setup upgrade -
Detector
PG ’1/4 Quartz crystal
R~50%

1/2

o BN n

1/4
1/2

Only 25% of useful neutrons come to the detector
- =
N=NG K (0.7)*K on0(0-7)*Kp(0.5%0.6) K (0.54)* K (0.25) K 4(0.5%0.6) *Ky, (0.6)=
=N,*0.09*0.15*0.25
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Fe/SiNx mirrors

Fllpper . |for beam with divergence ~ +0,8°

\ | NN

......................

PT d—‘ P T 0,1;

Y

N = p) -
PG - : : ] {

with R~100% "---....-- ]

polarizing SM 1B-34 4 7

Si-wafer without absorbing — - - - . . . .
sublayer 05 00 05 10 15 20 25 30 35

m=3 Angle, degree

a=1.7%for 2.=5A

Neutron polarising Fe/SiN, mirrors

P. HecHe), |. ANDERSON, K. BEN-SAIDANE, W. Grar (ILL).

TranSItlon CoeffICIGnt IS = O " 7 InStead Accurate characterisation of periodic Fe/Si multilayers helps to understand the growth process and the structu-

. ral and magnetic properties of these layers. We find that diffusion of Si into Fe makes the Si layers thinner than

Of O . 25 galn faCtor ~3 expected and creates an interface region of non-magnetic Fe, a so-called magnetically dead layer. This information
enables us to grow multilayers with precise layer thickness by using reactive sputtering of Si with N, to reduce

the interdiffusion. Use of these techniques gives us the capability to produce polarising Fe/SiN, supermirrors with
high neutron spin-up refiectivity, and neutron poiarisation above 95 % in refiection and above 90 % in transmis-

G - 1 6 1 0-25 e cm sion geometry. This method was successfully used for the new INI5 polariser.
d .

15.10.2007 ILL Seminar
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Eo?og E

Conclusion

For the full scale setup
Crystal quartz (110) plane with the size 100x120x500mm3
Beam size 80x120 mm?
Count rate ~ 10%n/s
nPSD resolution - (2-5) mm for two coordinate
CRYOPAD ~ & 60 cm with flat windows
The accuracy can be
Statistical ~ (2.5-3.0)-10-?°> e-cm per day
Systematic ~ 10-2¢ e-cm
The statistical accuracy can be improved at ~ 2 times by using
Fe/SiNx mirror.

Other crystals with the higher electric field (BSO) with the
same size can improve the sensitivity on ~ 3 times, so it can
be ~6-10-% e-cm per day
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