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Electric Dipole Moment (EDM)

,uT e Electric dipole moment (EDM)
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History of EDM search

% Electro-

10720 - 0% N\ .
i} magnetic
— - E;:
g 22 N
- L 102 “.-
310 ol
hl
8 10—24 L 10> \l ;
G L 1 N M)
3 A N YA
£ 1026 electron: o | Muki ) 7 R
E Higg\";?. SUSY
= - W7 e V
E 10-28 - m’;" f v A
Q § Left-Rign @~ O/
Q. . - 7 ¥
S (1 f
10-30 I T T T T 10* i‘
960 1970 1980 1990 2000 N
- &y
o3
N
1032f 0" ¥ 7
f
1073419 Standard
I Model
10-36 L 10* l )
A
- 7
%
10-38L w0 7

Pendlebury and Hinds, NIM A 440 (00) 471

upper limit
neutron EDM leta
C. Abel et al.
|d,| <1.8x10 2 ecm UCN phys rev. Lett. 124, 081803 (2020)
electron EDM
|d.| <1.6 X102 ecm Cs
=27 B.C. Regan et al,
|de| <1.6x10" ecm TI PRL 88, 071805 (2002)
Idel <10.5X 1022 ecm YbF 1) Hudsonetal,
-29 Nature 473, 493 (2011)
Idel < 87 X 10 ecm Tho The ACME Collaboration et al,
atomic EDM Science, 343, 269 (2014)
Ingl < 7.4X103% ecm 199Hg B. Garner et al.,

_ PRL 116 161601 (2016)
Idxel < 15 X 10 27 ecm 129X€ F. Allmendinger et al,

muon EDM Phys. Rev. A 100, 022505 (2019)

| dll | < 1.8X10 P ecm G. W. Bennett et al,
Phys. Rev. D 80, 052008 (2009)

Standard model prediction
neutron : 1039 —-1032 ecm
electron : 1037 — 10-49 ecm

much smaller than current experimental sensitivity
good probe of testing new physics 6
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Ultra Cold Neutron (UCN)

Ultra Cold Neutron
Energy ~ 100 neV
Velocity ~5m/s

 ~1A Wave length ~ 50 nm

Fermi Potential ~ 50nm

o Interaction
‘T Gravity 100 neV/m
Magnetic field 60 neV/T
Weak interaction
B-decay n—>p+e
Strong interaction
Fermi potential 335 neV (°2Ni)

atom distance : ~ A
UCN feels average nuclear potential

gravity 102 neV/m

Unique property
UCN can be confined in material bottle
— Use various experiments

nEDM, n lifetime, gravity ....



UCN Source at ILL

UCN turbine

Reactor

Institute Laue-Langevin
Grenoble, France

57/MW

UCN Production

reactor neutron
Lig. D, 25K
vertical guide
Turbine

~100 meV

~1 meV

~100 peV - VCN
~100 neV - UCN

Turbine UCN source

slow down by reflection on the moving mirror

Restriction by Liouville’s theorem
conservation of phase space density

Neutron guide TEC
Tuhe Guide Courhe

Enfrancs shutter g

Very (ol Neutron quide

_\ % Shutters

Turbine wheal

Neutron guide TGV

J

neutron guide 13m
radius 13m

NN

Po shutter

rg

Tubs Buide Vertiual
C

D40 Tank

neutron guide 5m
0.2 mbar He gas

MM

. Dz | source {VCS)
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http://www.ill.fr/YellowBook/PF2



Super thermal method

* phonon down-scattering in super-fluid He or solid D,
* use large phase space of phonon
* free from Liouville’s theorem

We use superfluid helium as a UCN converter

neutron

S
o

Energy (meV)
0
(=]

-
v
N T U I G 0 T T O O A

4
=}

0.025 -

[] sELOW

L L L L L
0.5 1.0 1.5 2.0

. Q(A)
dispersion curve of phonon

M. R. Gibbs, et al

J. Low Temp. Phys. 120 (2000) 55
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UCN production cross section

do k
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k;,k , : wavenumber

i

S(g,hw) : Dynamic stracture factor

resonant energy (single phonon excitation)
1 meV

UCN Production rate
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UCN production by super fluid Helium

N oenen smc S™s  sgpallation neutron
= - 9K 500 s High neutron flux
;\o - | small distance between target and
%ﬁ S | High radiation Heat
proton © Somifation few 1010 K 107 m/s
reacten - Super-fluid Helium converter
UCN production long storage lifetime
spallation neutron ~ MeV up-scattering by phonon
J D,0 Moderator (300K, 20K) T,=36s atT,,=1.2K
cold neutron ~meV T, =600satT,, =0.8K
J, Phonon scattering in He-ll (Cf. SD, : T, = 24ms)

Ultra cold neutron ~100neV
Ty =~ 1.0Kis necessary



High intensity UCN source at PSI

Pulsed UCN-Source * UCN Converter
e * Solid Deuterium (SD,)
SN * Mass: 5 kg
o e Temperature: 5 K
* Proton Beam
* power: 1.3 MW
UCN shutter * 590 MeV, 2.2 mA

n° e Duty cycle: 1%
— ) /:i.ﬁm3 D,0 moderator

pulsed 1.3 MW p-beam
" 590 MeV, 2.2 mA,
1% duty cycle

cryopump

UCN storage volume,
DLC coated, h=2.5m, 2 m?3

neutron guide

SD2 moderator vessel
30dm*D,@5K
"UCN Converter"

spallation target (Pbi/Zr)

12



neutron EDM measurement

Four-layer pu-metal shield High-voltage lead

Quartz insulating

cylinder Magnetic field

coil
Storage cell Upper
electrode
Hg u.v.
lamp e
PMT for
Hg light
Vacuum wall
Mercury
prepolarizing
RF coil to flip spi . cell
coil to flip spins
i R T Hg u.v. lamp
Magnet m———an K
Approx scale 1 m
UCN polarizing foil — - -

magnetic field 1uT
electric field 10kV/cm
t 130s

c

Phy. Rev. Lett. 97 .131801 (2006)
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polarized neutron free precession

/2 flip pulse w =y B /2 flip pulse
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neutron EDM measurement

Four-layer pu-metal shield High-voltage lead -
Quartz insulating s | g 2
cylinder Magnetic 'Eztl:ijl 22{100—_ f%’. ;& f‘;’. % lé
St 20000 - %%’ j%’ %1 :[J' é
orage cell Upper < IREPS IJ’ IJ’
electrode S 000 é SR 1 §l i
Hg u.v. (é‘ﬁ““"‘;”iliai}
pailie LR R
| T 14000 - ! }[4 ] :
PMT for " bl HRIRY
Hg light 12000 ¢t LJ
Vacuum wall ] LR
10000 Resonlant fqu.T . x= working pcl;,'ms
Mercury 29|.? 29|.8 29:.9 3GI.G 3EIL1
prepolarizing Applied Frequency (Hz)

cell

L T~ Hguv.lamp Statistical sensitivity
Magnet ———____________ -

B < Approx scale 1 m_

UCN polarizing foll — )
L Oq —
magnetic field 1uT ZC(EtC\/N
electric field 10kV/cm
t 130s a : polarization (visibility)
E : electric field
Phy. Rev. Lett. 97 .131801 (2006) t. : precession time

N : number of UCN 14



co-magnetometer

Four-layer pi-metal shield High-voltage lead

frequency shift

Quartz insulating

; Magnetic field
cylinder coil Aa) = 4 X 10_7HZ
St Il
orage ce e|egf§§£ ( E = 10kV/Cm, d= 10—27ecm)
Hg u.v.
e 1 cf. Larmor frequency of neutron
/ / PMT for 30Hz @ By=1uT
Hg light
Vacuum wall
" required magnetic field stability : 108
ercury
prepolarizing 1|J_T *108=10fT
cell
ElF conlloﬂlp spins :: o P —
agne _—_—_‘—'———______@ - . . . o . . .
P _ Approx scale 1 m_ It is difficult to stabilize magnetic field in such a
accuracy
20 0843 -> monitor and correct magnetic field
28 85410+ .’"
S A ¢ . |1, 1%°Hg for co-magnetometer
3 2000 ,mmﬁ, 2 e« feels same magnetic field as UCN
§ 200825 X - * polarization is measured by UV laser
g A
< 2508204 . * Raw neutron frequenc
R w . Carrecte::fﬁq:eqncy i
20 8815

0 2 4 & B 10 12 14 18 18°20 22 24 28
Time (howrs}

P. G. Harris et al., Phys. Rev. Lett. 82, 904 (1999). 15



Geometric Phase Effect
— Berry’s phase

Pendlebury et al, PRL 70, 032102 (2004
. RHEEZORAER Y (2004)

o IKFEFMMEIZIZKDE K T Bloch-Siegert shift) Faor f
__ Ot :
A0 = @ — )

w,: angular speed of B, rotation

« KFEF RS
0B,R EXv

=——+
X
Wy
. Eﬁllﬁ:ﬁ HIE—FR1E
. Zlﬁ *E*T;HEIJEEJJ FIG. 1. (Color online) The shape of the B, field lines, when
there is a positive gradient dB,./ d=, shown in relation to an outline

- UCN@ﬁ?fh‘érﬁfh\bﬁé&BXV(i@EKL/TL\%)J:j'u of the trap L;scd ll: store |“"“1_f Lll.‘:rn-lﬁ and UCN’s for the neutron

E.K EDM measurements at the ILL. If another field is superimposed

— E . ZE @ L) 'C zIﬁo)ﬂﬁ%féW having lines that both enter and leave through the sidewalls, like the

one on the right-hand side, it will be shown later that it does not
2
0B, R\* | (VoE; 0B, R v{E;
VB, ( + (22 [+y2 22

affect the false EDM signals that are generated.

62 2 c? 0z 2 c2

Awgype =

N |

¥Bp? — (v/R)

«  {AEDM
— BIERELI-EESDRIRME
0B, R2
dGPE ~hy2 az Vg’ /c2

false =~ 2
2 _
(yB)? — (v4/R) | . |
9B FIG. 3. (Color online) A view of the xy plane of the trap
zZ __ 26 bounded by the circular sidewall. Part of an orbit 1s shown projected
i 1 HT/m Correspond error Of 10‘ ecm onto the xy plane for a particle undergoing specular reflection. The
aZ orbit is characterized by the angle a. Vectors E and By. point to-

wards the reader and dB./dz 1s positive.



NEDM measurement at PSI

data accumulation

* Basically same setup as ILL experiment
B * Cellvolume:20L
© o % : :
i 5 o * 11400 UCN are counted per cycle
= 104 ° £ 4
N N § . * data taken: 2015 -2016
z s ° ] _
: 20, %Qgg,@ up to reach 1 X 10-2% ecm statistical error
g 60 < : ; § . .
R W * Blind analysis by two gro . .
g oy, 3 statistically limited
Pendlebury et al., PRD92 (2015) 092003 X . LG
4 "4
Y2 %’/ -+ -26
| / . d,=(0.0 % 1.1.,+0.2, ) X 102 ecm
i
1 e |dn| < 1.8 X 1026 ecm (90% C.L)
Days (since 01.08.15 without annual shutdown)
C. Abel, et al, Phys. Rev. Lett. 124 81803 2020
Typlcal data CVCIe TABLE I. Summary of systematic effects in 10~% e.cm. The
L n first three effects are treated within the crossing-point fit and are
o0.£290°% m‘_ resonant included in d, . The additional effects below that are considered
30.2229 _w - b frequency Of .\cp;n‘ulc]_\'.
N H H ¢ neutron T .
- k = illﬁ'l' Effect Shift Error
- ST Error on (z) ) . 7
30.2227 - Higher-order gradients G 69 10
Transverse field correction (B7) 0 5
30.2226 1
E Hg EDM [8] -0.1 0.1
l Local dipole fields cee 4
— v x E UCN net motion 2
__ét’ ; ¥ correction Quadratic v x E 0.1
«£ 3.842450 & el - ¢ Uncompensated G drift s
I AL TP by Mercury light shift 0.4
& 3.842455 1 co-magnetometer Inc. scattering '"’Hg 7
y ' TOTAL 69 18
200 400

100 300

Cycle number

systematic error
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PSIZREAETIE] n2EDM

et EmR L
UCNZ EIIIRITDOEE
RERERZKREL

47cm - 80cm

Hg
polariz.
chamber

Top
UCN
chamber

RIMRETHZ DDA ERRE

ETFxFEILERANTHIZEN) IO

B. Lauss, nEDM2017

.
ExXvotL
=R (=4S D= 4,55
- FEIRFICHETDOEBMIZLE S
=S, N _ =
« BRI —ILFIL—LZEHEE
Current n2EDM n2EDM n2EDM n2EDM n2EDM n2EDM
phase 2016 average com. comi. meas. meas. meas. meas.
ID (cm) 47 47 47 80 30 100 100
coating dPS dPs iC dpPs iC dps iC
e} 0.75 0.8 0.8 0.8 0.8 0.8 0.8
E (kV/cm) 11 15 15 15 15 15 15
T (s) 180 180 180 180 180 180 180
N 15’000 50'000 1007300 1217000 2027000 160"000 4007000
"(‘Il“)r (f:"”) 11x10-2 | 4.1x10725 | 2.8x10726 | 2.6x10-26]| 1.7x10-26 | 2.3x10°26 | 1.4x10-26
er day
L0x107%7 | 6.4x107"

o(dy,) (e-cm)

500 data days

5.0x107%7

1.8x10727

1.3x10727

1.2x107%7

7.5x10728
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TUCAN
(TRIUMF Ultra-Cold Advanced Neutron)

Helium Cryostat

electrode

room temperature Superfluid Helium

UCN guide

- HRKKEEDUCNEZXBELI7YIJ/L—Fs
—  UCNI/N\—3—: BREINY Y L
UCN loss: up scattering by phonon
NEMRZB=OITITEREANY D LREZLOKL TR NIEE S
REIANYD LIS EEORRE
— UCNJRTERE(ERETE)
UCNZ &
— 6,400 UCN/cm? at production volume
— 250 UCN/cm3 at the EDM cells

—  KEKTREAUDL3IAEMEE WA ST A

—  2021FHRIZTRIUMFIZA VR M—)L, 2022 KYUCNERR T E

— 400BDT—ERBIZEYI0Y eemDHFEEITETDIRAH
- nEDMAIEEE

— 2023FKYDEDMBIEZBIEL. AREEDH TS

winding surfaces f
of internal coils

™ Tungsten Target

LD, Cryostat
upper 1 hamber SSA's & UCN to -1
EDM cell L - switches nEDM
l e < - ‘ expt. UCN switch B
s - [ = . ! Radiatio Prod oh Vo o
«F i - gy ucn | &
central HV e ST T auld Deute
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Crystal EDM

« WBRNEERTLIAPEFORAE LHEDOEILZE A
» BRAOREGAMNEBGLZRAVSLICE>TREZHITH
s AMEG-ARIBEORESGHERZANDIOMNE

 Current best value
dn =(2.5 & 6.5stat == 5.5sys) X 10?* ecm at ILL
V.V. Fedorov et al Phys. Lett. B 694,22 — 25 (2010)
FEEZ £ (T1-EE&HV-PARCROESSTETEIEN TLNVS

E :strength of applied electric field
| T :interaction time

Sensitivity of nEDM experiment © (d,,) o

N v N :neutron counts
ETJN

Free flight metod Crystal diffraction UCN method
method

interaction tome Tt [s] ~ 101 ~ 10 ~ 9%

electric field E [V/cm] ~ J0? =l — 107

neutron counts n [n/s] == 0F —~ 10 ~ 10?

sensitivity 6(dn) ~10 *//Day ~10 *//Day ~10 */|/Day
20



NILARHEFRZE AV -#EREHIC K S2nEDMIER FERIA(BEER)DRASAK

Crys 2Ed. L
ey the polarization @Peon = _h
kit P due to EDM U
Crystallogr:
: plane
incident
neutrons
/%Fe reflective 3
waves ¢ ¢

neutron

spin e eeccee
polarized perpendicular

to crystal-plane

‘ electric potential
inside a crystal

RUTIVEZERW-ERNEEDRIE

Si02(110) X2 T WARALIE 2 Bil12Ge020(532) X T VBN FE 2=

. | up spin

o 012 é 1o
o [ 3
S L = 13-
= >| down spin 3 12
g 0.03: 8 1";
Q E *g 1
: 0.06: g 0sf
g ! = osf *l }
e 2o
z o.oz:— g O'Gé_
5 P
O om T omm os oses 0% om0k A R '45..;"49'.9""sb""sa.;';heg'ﬁd;ﬁ]s
Bragg angle 6 [radian] Bragg angle 6 [deg]
E, =(040£147)x10* [V/em E, =(35+20)x10" [Vicm]
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BFICE O TINREINTLES=6., FEHFDEDMZF E A E
9 5 LI EEE (storage ring experimentZ R<)

Bt DT THD. BT -5 FOOMEREL . NSO FEMF
DEDMZETET S
— PILH)ERB(ANEFLDIGE

o BFIXMEXNGHIIZIRSES > Shiff O (X RLYILTI=740

* Cs, Tl Fr

o MM/ RICKHIENEHELE

oc 73
Tl: 585{&. Fr: 895 (FxX)
ST
— YbF, HfF*, ThO
— REGZENHIS

* ThO E =78 GV/cm



Electron EDM: T]

TIRF
— IEMEER 585

/,J]Estep
— TIRFZEL—5—(378 nm)IZ&> TR
— RFEEST (1/2n)
— BREZERIT
o E{I 123 kV/cm
« 2DMDMILI-BIK(BHBILFERZF)
— RFEESY (1/2nl2h T HVEGIHEE)

- L—Y—ZRHL, TORLFHEET D
CEICKYRIBERHEZRDD

Na: Co-magnetometer

|d.| <1.6 X107%” ecm

T-070K

B e W

mixer T 620K
T=1000K
thallium down beam oven sodium
1
“—T=1010K
upper beam
flag reRacior photodiode
- 2 __378nm .'l
— = p——
e | w|
___ ,RFlog R ] T ]~590nm ™__
an 00
o - i light p|pe
le — — — —>
_Bi E E 90 cm
—_ xu B
o o o e ~5x107torr
— v «4
la— — — —»
west m east
—_—
fi— — — —
I |1 Ly
quadrupoles— 00 00 "~———collimator
== [ L T 1-590nm
— i 1‘ —"
———,,eee pm————
I_______ .| _____.

pre—collimators

up west
atomic beam-—

i 2.54 cm |

2

. 3?8 nm
fwer o g

— ————— — upeast

" atomic beam

L Alc——i
up beam oven
mixer sodium

B.C. Regan et al,
PRL 88, 071805 (2002) 24
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EDM with cooled/trapped atom

Francium (210Fy)

Optical lattice

¥ N b

pu 5 7

\ ", N,

bl \

E",f\' \.
\ %
/
\

\ \ \

Propagation of SUSY particles etc..

® Heaviest Alkali element

® T,,~3 min. : enough for online exp. ® |nteraction between atoms ~ weak

® Laser cooling/trapping : possible
® EDM enhancement : largest ~895

® Cold atom (~uK)

Relativistic coupled cluster model calculation

Phys.Rev.A93 (2016) 032520 h 1

od =

® High vacuum ~ high electric field
@ ® Long coherence time ~ sec. order

1
2e NN-7-T
nhancemen ectri rappe ‘ therenceflme: ’
factor c field number Long

Accuracy : 895(£7) X

==

114(Cs)

{gtrap ) >100 Times improved
10~ (beam)

Slide by Y. Sakemi
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Experimental setup

Nuclear fusion reaction : 1

80 (~100 MeV) +

197 Au

— 215-XFy 4 xn

Slide by Y. Sakemi



Present status

® High intensity Fr source ~ successfully developed and operated at RIKEN
® Cold Fr source with MOT (Magneto-Optical Trap) ~ technique established
® Dual atoms co-magnetometer ~ demonstrated and established

® Fryield: ~ 107 Fr+/s
® Extraction efficiency: 10% - 20% achieved

0% beam

[ Deflection §
electrodes (930V)

Gold target
(1000V)

Raw energy histogram (1.0 puA, data 20200926-95937)

ehisto
Entries 743723

Mean 3333
Std Dev 148.4
\210/2 11fp

203/209Fr

209/210Rp

Y
Q
S

205/211 o

207At/211Rn

206/209At ——__

3

Counts (/ 1 CH/817 s)

\

237Np 2814 m 212,
(source) (source)

=
(=]

t t

L. PR — . | I S S T S S Y L PR " L | | -
2400 2600 2800 3000 3200 3400 3600 3800
Energy (CH)

Laser cooled Fr source ~ stable supply (Appl. Opt. 55 (2016) 1164)
® |aser frequency stabilization with iodine molecules
® Offset locking of trapping and repumping laser

release trap
' ! magnet
fluorescence
100 time(s)

MOT ON MOT OFF

Slide by Y. Sakemi 27




RIKEN laser room

Slide by Y. Sakemi



l

1

&=+ EDM

&

‘*FEDM ThO

2010F IR, IS F2 A WcEDMAIEDNEIR.

DFREBBOREZLBEHEZZHND & T,

AERENRELELELTVS.

E= d¢’Eeff
Th
— 6 Eeff
N/
(o)

> +——— Advanced ACME
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Advanced ACME : |[d¢| BIERE3EEZBIELT. ZPvIIL—KRoh
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Atomic EDM

« RISMHEIRF (FARIEE)
— Xe, Hg

s BRTHRRKER)THY., R\ \aE—L VR
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HVY coax cable (RG58)
Electrode (+10kV)

s =
i
cell
MB
cell
OB o
cell
Vessel (0V) T Groundplane ‘3,-
HY feedihrough =
i’ L
(a)m , (b)
Pump Period 6
so s
a Probe A Probe B | &
?!_: 6+ / \ ,%
o ) o
B Dark Period 34
© °
3 3
22 23
o a
0 B0 700 150 200 250 2695 2697 769.9

Time (s) Time (s)

FIG. 2. The signal obtained from a single photodiode for one
pump-probe cycle. (a) A complete view of the signal. During
optical pumping, the transmission through the cell increases,
quickly saturating the detector. The laser power is reduced during
the probe periods A and B, which are analyzed to extract the
phase difference accumulated between cells during the dark
period. Individual Larmor oscillations are too rapid to be visible
at this scale, but the exponential decay of the signal envelope can
be seen. (b) An expanded view of the final 500 ms of the data
train. The raw data points are connected by straight line segments
to guide the eye: no fit is shown.

B.Graner, PhysRevlett.116.161601 (2016)

199Hg

Four vapor cells

® 25mm, H 10.1 mm
Hg ~ 0.5 mg
C0,: 0.56 atm

buffer gas

pump/probe by UV lazer

ADDEIILERWS

outer cells: magnetometer
inner cells : E field opposite
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Free precession (dark period)
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F. Allmendinger et al, Pnys. Rev. A, 100, 2505m, (2019)

o 3He/29XeiBBHAR
* 3He : comagnetometer

¢ SQUID: RAEVREEHRE

RUWRE U HEFFE
o 129%e: 3,700 — 8,000 sec
e 3He: 4,000 - 8,000 sec
= EREDH R —ILE
W515 IE—Fk 1% 50 — 300 pT/cm

dy. = (-4.7 = 6.4 ) X102 ecm
upper limit
dy. < 1.5 X 10?7 ecm
F. Allmendinger et al, Phys. Rev. A 100, 022505 (2019)

BT

dy. < 8.3 X102 ecm
T. Liu et al., arXiv 2008.07975 (2020) 33
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Schiff’s theorem

e Charged constitutes are significantly shielded
from the large external field by the polarization of
the atom

* For bound system of point like charged particles
the net force and the net electric field at the
position of each charged particle are exactly zero.

* The shielding is not perfect for a nucleus of finite
size and in the case of unpaired electron
(paramagnetic system) due to relativistic effects.



Schiff’s Theorem

for a nonrelativistic system made up of point,
charged particles which interact electrostatically
with each other and with an arbitrary external field,
the shielding is complete

* Diamagnetic atom : Hg, Xe, Rn, Ra...

— Schiff’s screening argument is violated by finite-size
effects.

 Paramagnetic atom : Tl, Fr, Cs....

— Schiff’s screening argument is violated by relativistic
effects.



EDM measurement

 Measure precession frequency under electro-magnetic field

H=—-i-B+d-E

+E precession frequency
hw = 2u,B + 2d,,E
difference
| . 4dE
\ Aa)=ooTT—a)N=—
h
Aw = 2, B + 2d,E in case of dn=10?’ecm, E=10 kV/m

Aw =4 x10""Hz

cf. Larmor frequency of neutron
30Hz @ By=1uT
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GPE

Pendlebury et al. PRA 70,032102 (2004)

False nEDM due to GPE under the magnetic field 5, with the field gradient J73,. /0>

p __E{-Hﬁ} 1 JdBg: e
fn = 6 2 Byl 02 (adiabatic)

Precession frequency of polarized Hg “WHgt1

WHg —Yug Bo-
with the field gradient 95, /J: and the electric field /' (non-adiabatic)
“Hett PR T BB il 17" 78 i
Precession frequency of polarized Xe Wieft
2 2 £ 2 2
‘}}{LRKP dbBo. '.}ELRKE 2 BF}KER}LG dBy.
Kett = —YxaB0: — —FE 4+ == "C BB+ =258,
s a0 22 9z 2ct 16{vs ) 3z
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GPE

Pendlebury et al. PRA 70,032102 (2004)

False nEDM due to GPE under the magnetic field 5. with the field gradient J73,. /02

d __E(Uﬁ} 1 9By diabati F4
frn = 6 2 Bp: Oz (adiabatic)

Precession frequency of polarized Hg “WHgt1

whHgtt = —YHgBo-
with the field gradient 9B, /d: and the electric field (non-adiabatic)
; 5

Precession frequency of polarized Xe Wieft

g : - 2
"% R, 9Bo: o | Yo% WePBke p ol Sqﬁegie By, (2Bo:
262 O 2¢t 16{vy.) E

Wxett = —VXeDBoz —

Hence for each fill, these two equations can be solved for the two unknowns
1"'_-'.]'Jr_:_']'r'|_2

0z

B[’jz and
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