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EDMs of nuclei
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Pospelov Ritz, Ann Phys 318 (05) 119
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1E-19 P.Harris, hep-ph 0709-3100
SELA L LIS Participating institutions:

=
®m  ORNL-Harvard T-reversal
O BNL-MIT 4>
1E-20 v ORNLILL..
Electro- A |LL-Sussex-RAL...
magnetic € LNPI St Petersburg
1E-21 -
B
. | EXEAITE 1032 e - cm & &38|

- TERWEENSWVH, FIZE
e = SUSY Z{kEI5E 1027 e - cm

Neutron EDM Upper Limit (e.cm)

124 JV0IDOIG * A [CEZHLD 5 %
multi-Higgs &
e Minimal S0 = EET:E @ J: IZE{IE ‘j:
_— SUSY PRL97(2006)13’I~801 2.9X'I 0-266 ° Cm t
Left-Right

symmetric & t —'?i:\ !

1 E-27 l L ' L] ] L) I v l Al l Al
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s - (Baker et al., PRL97 (2006) 131801)
Year of Publication
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Ramsey-Musolf, Nucl.Phys.A805(2008)137c

| I | I |BR L I LI I-M2=2M'I
Ma=1TeV
|sind .|=0.5

NEDMI[3ISUSY (C
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|dn|=4x10-27 e ¢
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AV EZ5ZciBnPEFeRaRICiTBLU. BSEHBIBZEHAU

Abv@ZELliIEzeERL. BEOMEICELSEEBADEILZE RS,
d, = (+0.2 + 1.5(stat) = 0.7(syst)) x 10~%°e - cm

-
h(U+=2|.lnB+2dnE

| hw-=2unB-2dnhE
g 2

Ad= [ (Wew- )dt=2dT"ET

B=1uT
E=104V/cm
T=100s

3 X 100 ——=1+> x 10~
o 10~ 266 cm 10kV /cm

magnetic electric

30 Hz 50 nHz
1T uT 1 fT equiv.
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Four-layer u-metal shield High voltage lead I I_I_;é %ﬁ
nm

Magnetic field
coll

Quartz insulating
cylinder

@ NER DI 2 BIET S lcdhic

Storage cell Uisper
B e Hg HRAEANTWS

Hg u.v.
lamp p R a

PMT for H

Hg light S
Vacuum wall i

Mercury
prepolarizing Mu-metal

Y cell
RF coil to flip spins /
REe E E’ \ Hg u.v. lamp

Magnet s |- UCN guide Bo gigids (a1
/ / changeover .
UCN polarizing foil / Neutron -'
Ultracold cell
neutrons
i ———=— (UCN)
UCN d A le 1 Ground
etector < Approx scale 1 m__ clectrode
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Effect Shift ocat ILL oat PSI oat J-PARC
(storage volume 1000 cm?)

(- h i —t O) //\IJ -L-E O) J: IZE a Door cavity dipole -5.6 2.0 0.10 0.036
b Other dipole fields 0.0 6.0 0.40 0.144
<1026 e - cm ¢ Quadrupole difference <13 20 0.60 0216
d Uncomp ensated B drift 0.0 24 0.90 0.324
e Leakage curren ts 0.0 0.1 0.10 0.036
$ %t E f v XE (translational) 0.0 0.03 0.03 0.03
3 @ * g 7- ’?. g v XE (rotational) 0.0 1.00 0.10 0.10
71N }bﬂl\ d h Second-order v XE 0.0 0.02 0.02 0.02
1 Vg light shift (geo phase) 35 0.8 0.40 0.20

== 1 g
<«— iEELii%mi% a) *’* rE: i v light shift (direct) 00 02 020 0072
o k Hg atom EDM -04 0.3 0.06 0.06
1 Electric forces 0.0 04 0.40 0.14

m

(RIERE) T R— N — 0
Table 1: Summary of systematic errors (1027 e-cm).
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ED \/_\ qj ’l‘i a
MeV keV meV peV neV
106eV 105eV 104ev 103ev 102eV 10eV  1eV 10-leVl10-2eV 1o-|3ev 1o-|4ev 1o-|5ev 1o-|6ev 1o-|7ev 10'|8eV 'IO'|9eV

Kinetic Energy E <
101IOK 10.9K 10|3K 10|7K 10|6K 10|5K 10|4K 10|3K 10|2K 10K 1K 10-.1K 10‘.2K 10‘|3K 10‘|4K 10‘.5K

Temperature T <

107m/s 106m/s 105m/s 104m/s 103m/s 102m/s 10m/s Tm/s
Velocity v <1 1 1 1 1 1
10-13m 10-12m 10-11m 10-10m=1A 10:9m=1nm 10-8m 10-"m 106m
Wavelength A l l l l l l 1 1 >
FIast Epit-nal Thenlnal Ct'ld Verl:old Ultrlold

25meV — ‘
300K
2200m/s
1.8A

O

elastic scattering inelastic scattering
phonon, roton, magnon, ...

X
A ({r 100 200 300 400 500 600 700 800 900 1000 A

+ + + + + l +
445m/ 7m/s

8A
500m/s
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P ph
[cm-3(m/s)-3]

E
[kV/cm]
Ti

TRIUMF J-PARC

[SHEFEA] Pulse

RAKREME 20MW
fIR9 %

- 2kW

AR
.t ot TR IBRINR
ERRIL TS wE [ R SIS T A wE (~HEERER S b )
BE R 5x10-27 ] ] 1x10-27
[e cm/Ec=90neV] —~B5x10-28 0(10-2%) 0(10-2%) (—2x10-28)
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C.-Y.Liu, Dissertation, Princeton Univ. (2002)

converter Solid ortho-D2 a-02

interaction phonon magnon?

converter 5K 2K
temperature

optimal neutron

9K 29K 12K
temperature

production rate

90x10-1"Tdocm=3s1 M1300x10-1Tdocm-3s1§ ~1000x10-11do cm-3 s-1
(30K neutrons)

ideal lifetime 886 s 146 ms 489 ms

(no wall loss, no upscattering)

low loss large production rate

pPucn=10"11Po

(thermal moderator)
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high power IR:{19]\ |58 lowloss

'rl' F 2010- 2013-?
;i = Concrete
i - "‘D He-II cryostat
2m3 |+ a Iron
vacuum [ =
storage , ' ®
1000 cm-3 r
- (';“lm
30 liters, SKEES K &
solid D, Ell ' Heater | - |
p-beam ) 3 | = ) e "o 3 m. 1.5m 0.5 m
1.3 MW =~ .M¥/36m 5 .
1% duty cycle _ﬁ i D,O
average = 13kW average=20kW
max. peak power = 1.3MW max. peak power = 200kW

J'PARC average = 2kW

instantaneous power + transport optics max. peak power = 20MW
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nEDM at J-PARC
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NEDM at J-PARC

L EEILTFTVD T,
BNV ELS T, EFBAHALEW

.
) L

6.6m

=

I

r Refrigerator ‘Ti

Graphite Reflector
120cm

Be Reflector
80cm

Outer
Shield
{concrete)

Converter Refrigerator 5.3m

Proton Beam C

Proton Beam
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nEDM at J-PARC

Specification of J-PARC Linac

Proton Energy 400MeV(at 2013?)
0.5 ms e
Repetition 25 Hz
Peak Proton Current 50 mA
Average Current 0.625 mA
Peak Power 20 MW
Average Power 250 kW

INJLATEBEZ DELEAG LN ?

BIRIF-YBRBERAERTNERRI VI -T2
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NnEDM at J-PARC

Production Rate

* Cold Neutron Flux
Dy oitzmann = 6.2 X 10A11 n/cm2/pulse

 Production Ratez1.0x1083 &, ., rannET DE
— Pucy = 6200 UCN/cm?/pulse (Boltzmann)

Heat load

- Heat load on D, cell is 3W/pulse.
It correspond to 152mK/pulse

S51EAHIZ20MWDCTZE1 ) T300KD:mE L F
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NnEDM at J-PARC

Neutron Rebuncher

NIV ZARICHEE T DD, EiEXDEICADN > TUE

L UA e o —
—

not different from continuous UCNs ...

Average proton power = 250kW
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NnEDM at J-PARC

Neutron Rebuncher

;\}
Uj
J

~
C
oA
1

VJLAKICHRET 5H. EiEDEIC
ZTEARBRADOTERIES

re-shaping to sharp pulse ‘

— —
l — > 1<— >

take in pulsed UCN  the door closes, take in next pulsed UCN. the door closes,
while door is open UCNs broaden some UCNSs overflow, the density increases
in the bottle the others stay. by the pulse
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NnEDM at J-PARC

Neutron Rebuncher

door position

Rehuncher //////

UCN production {
at converter
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nEDM at J-PARC

Neutron Rebuncher

A & HIS SR = mfc 9 RFEGS
%Ei@j% t \ X to‘/bi\&gjﬁ L/\ M\?gkn:t
TRIF—ZXHT S

DC Coil
Tuning Plate

Flipper Coil

rf Shield

B
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NnEDM at J-PARC

Neutron Rebuncher
SRS & HIB SR % 5 1= T RFEIS

R I ND TR E—
EETdE. AEVHREREL. N
2 EBY S > D8R BN ]

IRILF—ZKBET S

EWAMEEF LS ICrebuncher|c B 3E
BEREX = HREK

EWFREF (ZIEN Trebuncher(c &)=

‘1ra ViaglP$ A 1

o= EREL = B
[ B :GLSQL“JSalbal /

5 +

| L_/// | xEﬂLFTDTT
e | AR zxZl &5

=1¥)
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NnEDM at J-PARC

®=1.2 cm-3 (m/s)-3 (2Hz)
l 30% rebuncher design was finished in Jun. 2010

o] gol el n e W g el ledo[-1 gl 4<v<7.2 m/s, Liocus=12m repetition=2Hz

Bo (static) field B1 (RF) field
Bo=0.2-1.0T (0<z<0.25m) w/2n=6-30MHz
dB/dz=4T/m Bi=1mT

K2 _ WLarmor ’YnB%

= > 6.5 (v, < 7.2
- laminated steel WR 'Un(aB/aZ> = 6 5 (IU — 7 m/S>

RF shield RF coil

adiabatic condition is sufficiently fulfilled to
deliver the spin flip efficiency of 0.99
(NIMA369(1996)195)

tuning block
(variable capacitor)

improved version is under study
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NnEDM at J-PARC

rebuncher EiFEER
o

P

P
’ > A/’/
< £
4 —

& .
i

KA = RUF
T A MRz RHR
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ARk, Wkt JAIEST
P

EEEEQHENEE

T=100s (T~50s) —>» Nreflection~30x50
— X e R = ETTH

~0.Tm Nrefiection~100

~0.T m
low reflection loss preferred low reflection loss preferred
for larger transmission for longer storage time
1-R<103 1-R<10-3
“specular” reflection preferred “non-specular” reflection preferred

for smoother transmission for suppressing collective motion

Rnon-specular <103 Rnon-specular ~ 101

. | BIRNF—YPEPERAERSNEERI VI T VT
FI-PARCTER Y 2m IR+ —¥REDNEKEL,
h eult 201148A9H WELSZEEFE—LMEEVI—
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T=100s (T~50s) —>» Nreflection~30x50
—#ixkN MLF BLOS

yreferred
motion
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AIERIV )L EREDIFEP

HEANICIE ILL &EREU rebuncher ® R 77 &
HBIRIE

Oll

High voltage lead : | Mercury
v polarizing cell
— | Electrodes
1m ; /
|| Storage cell
UCN shutter —em— == / 9
\ '\ : Vacuum chamber
- ‘_ ¥ O/
“ — . Multi layer 1im

~ magnetic sheild . o

Rotary UCN sh er

AN

1200
1900

7 ; %»iig  IRRRR N Fﬁ ;

UCN shutter

ﬂ
|
UCN detector/ 1

L

200

i L
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Magnetometry Sa0 e GRKEN -_—r

S Fieldcoil (3-

Rb NMOR magnetometer

in progress for the atomic EDM
research at T.I.T. and RIKEN
as a Grant-in-Aid Program.

Goal sensitivity = 100 aT (=0.1fT)

Hg Co-magnetometer

We start the study with a Hg lamp
using the infrastructure of the 3He

nuclear polarization R&D station at
the KEK/IMSS.

If funding is successful, we employ
the UV laser in FY2011.

T % AN o BRI & J-PARC T DRE /g
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Magnetometry R‘@R'KEN

Rb NMOR magnetometer

In progress for the atomic EDM ||
research at T.hJ'—and-D-lKEN -
as a Grant-in-A SEEMEETD T‘_&)U) l/ 1 —

Goal sensitivit)

Hg Co-magnetol

We start the st
using the infra

nuclear polariz
the KEK/IMSS.

If funding is suU
the UV laser in|

[ »
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nEDM at J-PARC f5E[@_t

10%° o ——
g H=12cm-
I I e (Adn)stat(ILL) +—(2) Other dipoles
I
1 = 10% m:’f:‘“; (Adn)sys(ILL)
i j— E . . |- ; i (1) Door cavity dipole
u - EE N ™ (3) Quadrupole difference
A T
c i i a1 DI I LI T L L (9) Uncompensated B drift
rel ) LR e e =177 %{Ti Vg light shift (geo phase)
= 107 et et L (5) wvxE rotational
L 5 .-""-L L L =rrr+—(11) Electric forces
A T M s (10) Hg atom EDM
; v +— (B) wug light shift (direct)
10728 7 A TR (12) Leakage currents
5 10 15 20 25 30 35 40
R [cm]
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FEDEMER Lab%
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UMEZEREE ISRE
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BLOS CMDESFEES

VCNR D ZEXD U, Ky 7 25—27 5 —TRE
5Qc supermirror
or VCN

UCN detector
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'l $ 3
L BRBE-LTSVF

3 h‘ M A .-

dosaea I | !

L B ¢ | WEC-LTSVF

o e

4.3 x 10° n/cm?2/s [/ ustr @MW
1 x 108 n/cm2/s @MW (5mrad)

4 x 107" n/cm?2/s @MW (5mrad)

201148H9H

Neutron flux [a.u)

1.0+
| [\
4 f
I \
08— | \ Polarization
4 I \\ \\
\.
0.6 ] ( |\ \ -\ '
/ \
04 f' P
! /
] Unpolarnization
0.2 4 !
] y
| R —"/_,"
0-0'*“"-v-—~v-_~;~v-~v-~—-v-v>-'f~v-~|—'v"r-"'
0 1 2 3 4 5 3 7

Neulron wavelength [A]
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Neutron flux at BLOS
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