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EDM mweasuremenkt

1. Skatistical error was Limiked bv UCN de.v\.s&v‘

We need to break through this Limitation from
Licuville’s theorem.

2. Systematic error is dominated by the geometric
phase effect. We need a new magnetometer.

We will discuss our amprom:h‘

L
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statistical error:
1.5x1026 e cm
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0.7x1026 e cm
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Statistical:
Spallation UCN production
in He-ll

Systematic:
129Xe magnetometer
to reduce
geometric phase effect




Cur UCN pradu&&om
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Super-*&hermat UCN Fradm&%&on

We use F:hc:»v\cah
phase space for
heutron cooling
Golub and
‘Pehdiebu,rv 1977
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UCN Lifetime -

| He-11 [Golub et al. (19%3)]
. phonon MF“SCO&EETW\S, /Tph « T7

5 = ¥%6 s (B d.etav)
To = 246 s (wall Loss)
Z. Phys. BEA(1985)261

Ts = 1/12/Tp + 1/1p +1/1.}
= 174 s
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Superthermal UCN source

pucN = P x Ts x gq(dilution factor)

Neutron guide
solid angle

Cold source
P medium
Ts(>1f) long long
es  large (large prod. vol.) large (large prod. vol.) small (small prod. vol.)
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UCN source at RCNP Osaka
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‘Pro&oéjpé_ UCN source
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Cold n for UCN production

M.R. ¢=ibbs et al. (1999°
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UCN produ&%mm abk RCN?P

P = 4 UCN/cm3s ab Ec = 210 eV for 0.4 kW proton beam
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UCN enerqy spectrum

at Ehe UCN valve
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Improving UCN transport

| UCNguide 3m L
EDM 9
cell " @ =
Door UCN Ec =90 neV c
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\“ Remove the effect of gravity
s |
: Rotar SCM
valvey polarizer Ec. =210 neV
— i z
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double valve €xchanger
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Expe&&ed number of Potarizeci
UCN in the EDM cell

N=PrT1seqV

Vertical UCN source: P=4 UCN/cm3/s
26 UCN /cm3 at Ec =90 neV
Phys. Rev. Lett. 108(2012)134801

Horizontal:
Cold n flux in the new geometry x1.2
RCNP p beam 10pAx400MeV x10
TRIUMF p beam 40uAx500MeV x5
Storage lifetime 7s=81s = 150 s x2
Dilution factor €4 (volume ratio) x6.0/9.9
UCN production volume x1.4
After polarizer x0.5

at RCNP Npoi = 260 UCN/cm? x 3L = 0.75x106
at TRIUMF Npoi = 1300 UCN/cm3 x 3L = 3.8x106

16




cell averaged flux (particles/cm?eV)

Moderator reflector
optimization by PHITS
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E;nérgj c&epos&&
PHITS code
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Removing vy heating in the He-11

y heating : .20 (1W) in the He-II
ot a proton power of 20k (4kiW)

Cooling power of *He pumping ak 10000 m3/h

Q XorPueax AvEE /1 R X Tt
Latent heat of vapor  pumping qas pump
vaporiz.a&toh pressure power cownstant Eempem&ure

Cooling power (W)
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ercwgemic window
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Extracting polarized UCN

MB(3.5T in SCM) =210 neV
Vr(guide) = 210 neV

SCM
— Xe r\He-y/ -

B

opens at EDM cell filling

Al foils UCN valve

uB compensates Vr(Al) = 54 neV, and then
enhances UCN transmission

Al
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Cryos&a&
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Reflecktor and shielding
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Compensation coil
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Polarized UCN produ&&mvx
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Geometric phases arise from the rotation of
the kransverse fields, (2Bo/22)r/2 and Exv/c?

Pendlebury, Phys. Rev. A70(2004)032102.
Lamoreaux, Phys. Rev. A71(200§)0521158.
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Effect of time dependent interaction

‘thjs.LeH:. A376(2012)1347

H=H,+V()
V(t)=-u B, (1)
=—ys - {Exv(t)/c’ - (3B,,/92)r(t)/2}

U,(0=1+CD] di'V, @)

S [ ' A " 1 "
5 jodr jo dt "V AW+ -

V,@t)=e™"{-pu-B_(t)}e "/

Exv/c? « (2Bo/22)1/2 cross terms induce false effect




Increase 129Xe atomic number density so that mean free
path A becomes small

is, 1 , E 9B, ¢t
GPE Ul(t):1+;Zyzc_za—§J.0dt JO dt cos(m,T)

{x(@W, (@ -7)—x@' -7, )+ y@E )W, =7) -yt = T)v, ()}

r(t) almost constant for short mean free path A
v(t-T) rapidly changes
<r(t)v(t-1)> = <<1

Diffusion velocity is in the adiabatic regime wr << wL

Suppression factor [{vxyA/(2R)2}/(wo/21)]2 =(TtvxyA/2R2w0)?2
(Vxy/C/Boz)?

VxyM(2R)2 = 196m/sx5x10-3m/0.5°m?2 = 4Hz << wo/21 =300Hz
at R =25 cm, dBo,/0z = 1nT/m, Boz= 10uT

datxen = 3x10-28 e -cm at 3 mTorr

— 1x10-28 e-cm at 5 mTorr, 6 cm E gap
20




2012 at RCNP
2014 at RCNP

400MeVx1pA,

p= 26 UCN/em?
400MeVx10pA, ppol = 260 UCN/cm?® 10-26~1027 e cm
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\ Extrapolation

HV break down

with 129Xe gas
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Fig. 7. Breakdown characteristics of the noble gases.
Hg characteristic from [13].
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