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Cur a{z&proaak to MEDM

1 Spatta&om UCN Frodw&:&mn it He-11
for counting statistics
2 1¥%Xe co-magnetometer

for systematic error




Super%kermat UCN source

Neutron cooling by using phonon phase space

ILL, KEK-RCNP, LANL, PSI, Munich, SNS, NCSU, Indiana, PNPI
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New UCN sources n
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Cur approaak to high d@\s&j UCN

1 puen = PTs (OT' t &)
Long period for UCN production:
We dont heed high proton current.
Time constant of UCN EDM measurement is long.
2 Large volume for UCN production:
Very Llong UCN mean free path,
Dilukion upon EDM cell filling is reduced.
3 Spallation:
Backqground and gamma heating are cut off
during measurement,

We use He-11I and tjatoﬁrom




Cur UCN production
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Neutbtrown source Parame%ars
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Moderakor material

For high @, at 1 meV, high lethargy
short mean free [po&h, Low &bsorp&am ( = Llow 7 heating)

HO0 D@ Da s Be “4Cy 4 Fh
Lethargy 098 087 076 o021 016 o0l

Mean afree[ao&h 0.9 Ry 68 R b 27

(em) A=1/(No,)
Density N (10%23/cm3) 0.34 0.33 0.25 1.24 0.80 0.33
Scattering o,  (b) 103 13.6 6.8 7.0 4.8 113

Life time (ms) o021 100 177 346 13 oxl
T, = 1/ (No_v)
Absorption o, (mb) 665 % 1.04 %0 SHoE ]




Extraction from source

Superfluid He, & -100%
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‘Prca&o&jp@. UCN source: vertical
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UCN produ&mm i He-11
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UCN Lifetime T-

| He-II [Golub ek al. (19¥3)]
phonon up-saa&&ering, /Tph « T7
Tph... 600 s ot 0% K
= ¥%6 s (B decay)
= 246 5 (wall Loss)
Z. Phys. B§9(12%5)261

= 1/{1/TPh+ /18 + 1/Tw}
= 180 s

SD2 [Phys.Rev.C71(2008)054601 ]

Tph = 40 ms ot ¥ K
TorEho—pocm = 100 yws

T = 160 ws

Ts - 2-4 WS

dilubted wikth vacuum
—+ T =2 1.6 5, Los Alamos
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Hortzownkal He-11
ﬂf()'f' ME. DM Oﬂf 10-2% e.cmm

Remove the effect of gravity o i’
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New UCN source

Pucn = P Ts €4

Vertical UCN source: ? = 4 UCN/ewm3/s
UCN demsi&j in ¥L He-1II is 320 UCN/cw?
Phys. Rev. Lett. 1o0¥(2012)134 %01

Horitzowntal:

improving geometry x1.2
increasing RCNP p beam 1opAx4o0opmeyV x10
using TRIUMF p beam 4-0pAxS00Mey x&
storage lifetime T: = ¥1 s —> 150 s X

P 1s = 36000 UCN/cm?
th 110 He-11

P Ts €4 = 12000 UCN/ew®
at UCN valve in He-11

ed : dilution factor




2nd generation source

Compensation coil
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UCN extraction from He-II through

superconducting coil
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For y heating ot §00MeVx40 1A

y heating : Monte Carlo Code PHITS
5.2 W in the He-II at a proton power of 20 ki

Cooling power of *He pumping at 10000 m3/h

Q X Pue x dvdE /1 12 X T
Latent heat vapor  pumping f
of pressure  power ﬁO&\SEQV\E Eempeva ure
vaporizaEiov\
346 1.6 at 07 K 1xlo4 ¥.3x10°° 300 =¥ &5 W
ol  Torr m3/h m3bar/(mol.K) K
(Tpn = 1370 5)
3 a& o0 ¥ K =17 W
(600 s)
& ot 09 K = 34 W
( 280 5)
10 ok 1 K = 87 W

(123 s)




Temperature difference between
*He and “4He

Kapitza thermal bc)m\darv resistance
Lounasmaa, Academic Press (1974)

Rk = 0.004/T2/5 (K/W) abk T = 0% K, S in m?
Total surface area of the heat exchanger S = 2 m?
Sand blasted surface Ry x1/2 (PLA 37, 101(1971))
Rk = o002 (K/W)
5T = 0,01 K for AQ/AT = 52 W

Thermal conductivity in the heat exchanger of 6N Cu

5T = (AQ/ATY/(k x S/L)
K= Wem/KatT=z0%K, S=36cm? L =1 cm
T = o001 K ﬁfc:rr SR W




Cur WEDM appara&us
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Spherical coll, no quadrupole component

compact apparatus — suppress the cost
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EDM measurement
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UCN NME th EDM cell

two coherent /2 RF putses
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UCN spin rotation by yBik  —it k|

two coherent /2 KF pulses
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B, wonikor bj nuclear spin precession

S Oa ok p JOr T=
Iso&ope In glyn=gnh) RR2O0 /s 1/(0pr/) = 5§00 s
129% R.Ex10 fee,
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129% e SF’EM maghetometer

98 12%%e maghetizakion
/ \ Przoxe = 0.8
1.¥x10'7 /liter *%Xe B = 04 pT
wc-ﬁ Ty in bhe EDM cell
& Qb_.lw)(e
EDM cell | U van der Waals
K molecule
= o015 PT
abk 0.1 m
[ from the center

SQUID 147, s Do/VHz




High voltage brealk down
ak x107° torr ?

Paschen’s Law

Discharge current (nA)

10° 102 101 1
Xe gas pressure (Torr)

Phys. Lett. A 376(2012)1347




Geometric phase effect (GPE)

iite precession Phase
Y S ﬂ

e UCN bottle
\ \

\ \

Geometlric phases arise from the transverse fields,
[(2Bo/22)7/2 + Exv/c?}?

Pendlebury, Phys. Rev. A70(2004-)032102.
Lamoreaux, Phys. Rev. A71(2005)052115.




Eﬂ:eat:& of time dependent interaction
Phys.Lett. A376(2012)1347

U(t)=exp(—iH t/h)
=—u-B,—d -E
H=H,+V()
Vi)=—pu-B ()=-ys-(B,()+ B, (7))
B =Exv/c> B,, =—(0B,_ [d7)r/2

—ker ' ! ol 2R, 5 I [ "
Uyy=1+ GO di'V, @)+ [ de [ de VW, )+

V,(t) = exp(iH ot /m){—u - B, (t)} exp(—iH ,t /)
is, 1 75 KB
U(l‘)—1+?—}/ Cz aZ

{x(¢ ), (t = 7) =20 0V (RIS =0V ()}
similar form as Lamoreaux and Golub, Phys. RevA71(2005)052115.

j dt’ j dt cos(@,7)




Solution for GPE problem

JO dt cos(w, DXy (t'= 0)— x =M @I = 5) - & - T ()}

Rafiiguis =
N/E VYo 2Bo./ 02 )R2/c? ~h/4(2Bo./ 22)/Bo.2 Vi 2/

5x10*% e e ok R = 28 e 1x107%7 e.om abk InT/m, 10T

#%%e mean free path

A = 1/Mo 07~ mm (2Bo./22)/Bo.?

r(£) almost constant — % 1/10
vit-1) rapidly change

ar{B)vi(t-1)> — <<l
(0.89w0R2vxyA)?

Aafxen = 107%F e.cm Rafn = 1072% c.om




Fleld gradient conbrol
cie.vei.op ‘Pemdi.ebu,rv’s approach

129%e: Vizoxe 240 m/s UCN: Vyen § m/s
® 00 °© o & %
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®e ® ®|sh=3wvm |6 8 & ® O]

W129%e = leaxeB(klzcaxe), Wi = YV\B(L"#V\>
Assuming cylindrical symmetry

(wn/ Yn)/ (w120xe/ YlZ‘)Xe) =1+ Oy + 0z(2B0./ '?>z.>/ Bo.

Free from earth’s rotation




Precision q factor measurement
Phys.Lett. A376(2012)1347

(wn/ Vi )/ (w120xe/ Vizoxe) = 1 + Oy + 6z(? Bo./22)/Ro.
1 wim X § WT/m / 60 uT = 107
B‘Cm@ The value of Sy can be obtained
with 107 in a cell of 3 cm hight
wiane/wiz2oxe 18 betber because 6z is smaller
The uncertainty of 107 is much smaller than ’Hq,

N Y 52({® Bo./22)/Bo, =

1ocm 3vm X 0.1 WT/m / 1uT = 3 x 107
\_____J  precision of ?Bo./ 22 becomes 0.1 nT/m

0z = 3 v
dﬂ{&\:“h/é"(EBOL/EZ)/BOLZ'Vij/tz 0 < 1X10—22’ Q-ﬁm




Process tko 2Be, /22 = ©

Bo(x,j,z.) = OB + ¢ Icout

OB : remnant magnetization around the EDM
cell, which may change upon maghetic
shield opening

We use a atomic, for example potassium
maghetometer to remove dipole fields
around the EDM cell

Frequency ratio measurement after closing the shield

(Nn/ Yv\)/ (w120%e/ Y129Xe> = 1+ Ooy+ 52..(’3302./ 'Dl)/ B0,
oy = 107




Spin depemdemﬁ nuclear interacktion?

129% e pseudo magnelism 0.4 NT 7> Bor = 0.1 NT

‘Q\/* 1.¥x10 fec

SVyen? & m/s 1600 & Pxe <Vizoxe? 190 m/s
AUCN 4 500& O >%X AX@ =R K

\'b\ UCN 129%e
p & / k@[ "=

Even if coherence remains,
time variation of Bp, Wizxe ad Exv/c?, wr are out of

rhase. Dyson series calculation shows the effect is small




Pseudo magnetic rotation

1s, .1 1s,0.1

b, (1) = exp(= )B,(0)exp( h

B s (W, —W. )t — 0O
Vl(r)z—%[exp{lsz( i 2

is,m')t is,m')t

)+ exp(— )B ,(0)exp( )
=i (@, @ 0

h
i

1S, exp{ ¥

uB,
- [exp{

1S (3==00 ) )} =I5 (@, =LY
S €X
- 1S, exp{ ;

oW = (ny‘,Bp [ 20)[ {E5€m, — @)+ /{0, — a8}
x{1/(w,'- o )} {sin((w,'— )t —8)+sind}
—(y,B.B, 120)[{1/(®w, — 0, }{1/ (@, - o)}

x{sin((w, — )t —0)+sin((w, —w',)t +0)}]

s:js%emo\&t error < 1072% c.cm
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