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EDM precision experiments (upper limits)
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Finite size violation of Schiff screening
Diamagnetic EDMS -, ,Schiff suppression: ¢

For a finite nucleus, the charge and EDM have different spatial
distributions

. Y | . 5 L
S- Schiff moment. S = S+ =15 [ / ep(F)rrid r — :;er. | / ;’J('F)r"szS;}
Schiff moment is dominant CP-odd N-N interaction for large atoms
S
d, =k, 107" ecm (Ky,~0.38)
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S=S (gglle , dn d 0 ) (low energy parameters)
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* Nuclear deformation can enhance heavy atom EDMs
. (e.9., 225Ra, 223Rn ) Y.




129X e electric dipole moment
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Zeeman: uB, = 103 eV dy.-E =10 eV
Comagnetometry to get rid of magnetic field drifts

Observable:
welighted frequency (phase) difference
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EDM sensitivity: &d o (
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Experimental Setup: Overview

mu-metal cylinder
gas preparation
area outside MSR
solenoid
low T.-SQUID
gradiometer(s)
4KV -—l N l—-+4 kv
X
pneumatic valve cos-coil
Turbo pump B, (cos-coil) B,(solenoid)
B : TTT magnetically
g trans gas transfer line shielded room
— (MSR) at
Julich Research

Center



Non-magnetic /He Dewar
housing three low-T. SQUID gradiometers

Coil assembly




Experimental Setup: EDM-Cell
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Results of automatic gradient compensation

(Downhill-simplex algorithm)

Spherical cell (diameter 10 cm)
filled with 30 mbar of polarized 3He

~ 10 min per iteration step

total measurement time:

SHe oC exp

~ 4 hours
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Welighted phase difference (ho EDM):

C )
AD =0, — Ixe -® = const.

g Y He )

The detection of the free precession of co-located 3He/*%Xe
sample spins can be used as ultra-sensitive probe for
non-magnetic spin interactions of type:

[ Vion—-magn. = @ -0 }

Search for EDM of Xenon: V(r)/h = —|dy.|d - E/h

( AD g, (1) =j(2|dXe|a-E/h)dt oc t }




Subtraction of deterministic phase shifts

11-_ |. Earth’s rotation

—_ AD = (DXe' YXe/YHe' CI)He

T 10-

|

= o

o

D ]

(/)] |

b 8. Doy =AD - Dpypyyy |

.tcu 7 1 ,-——"——"—.—Mm

e | Ll _ _ ]
6

0 10000 20000 30000 40000 50000
time (s)

Il. Ramsey-Bloch-Siegert shift

— Equation (9)
\g He — Equation (10)
. o . self shift~ S -e '™
£ -1 0 1 2 3
= X

e *
* cross-talk ~ (S et )2
0

Orbit frequency / Larmor frequency w:/ wo

—t/T, —t/T, —2t/T, —2t/T,
AD = C+ Byt 8 1 e e e Ay (1)



4000F

Influence of 20001
Electric field switching = ng
period o

T

a

3

20000 30000 40000

tis

E=800 V/cm

e s
O
® 15
0o
N
<I
o °
— 10 Py L4 ( ]
>
c .
= |
gt
3
5
-
=
0

0

6000 8000 10000 12000 14000
T,/s

16000 18000

=

Total error
(correlation with
exponential terms)

Uncorrelated error



possible Xe-EDM (EDM phase modulation) smaller than statistical se

EDM run #2 - July 2017
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EDM / 10 7%® ecm

Xe-EDM results
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<\ ( Rosenberry and Chupp, PRL 86,22 (2001
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Evaluation of systematics still ongoing
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Conclusion and outlook

(Xe-EDl\/l;) « 129Xe EDM limit improved by a factor of 5

SNR~ 10000 @ fg,, = 1 Hz
<E> = 0.8 kV/cm

Ty~ 3h — 9h EDM-runs
Ay, = 4 x 1028 ecm/day

Room for improvements m

. Increase the electric field strength (now: E=800 V/cm) 4to5
Julic

Research

Center Increase Xe and He partial pressure (tradeoff between 2

signal strength and spin coherence time)

New Magnetically Shielded Room at Heidelberg improves 10
University hoise level and reduces magnetic field gradients

Heidelberg Increase measurement time to 200 days 10
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Measurement and Investigation of the Xenon-129 electric dipole moment
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Precession Measurement
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The detection of the free precession of co-located 3He/12°Xe sample spins
can be used as ultra-sensitive probe for

non-magnetic spin interactions of type:

[ Vnon—magn. = a-o }

» Search for a Lorentz violating sidereal modulation

of the Larmor frequency [ V(r)/h = (B Vé-0 /h J

» Search for spin-dependent short-range interactions

. V@)/h=cé-Ajh

» Search for EDM of Xenon

 V@)/h=—|dlé - E/h |

VH
Observable Aa) — wL,He — < g a)L’Xe * 0

Vxe




Fundamental
theory
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Measurement of leakage currents
Resolution ~100 fA
At high potential (+5 kV)
Battery powered, optical interface

O
Double shielded cable R1 i
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Setup

Measuring the free
induction decay of
polarized 3He and 1%°Xe
with SQUID
gradiometers

liquid helium cryostate |

~ SQUID

o , gradiometers
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electrodes
A Y
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» Heavy atoms (relativistic treatment) + finite size: € #0

—d.,#0 > dg,,#0 ~ Z30.°d,
— P, T-odd eN interaction
Tensor-Pseudotensor  ~Z2GgC;
Scalar- Pseudoscalar  ~Z3GCg

— Nuclear EDM - finite size
Schiff moment induced by P,T-odd N-N interaction ~10%° n [ecm]

d Jd ) ] ) ] ) ]
» General finding: '7( n =p gongl_QZ)
Oqcp

Paramagnetic EDMs:
,Schiff enhancement” (e >> 1)
Diamagnetic EDMs:
,Schiff suppression” (e << 1)

» Diamagnetic atoms:
Phys. Rep. 397 (04) 63; Phys. Rev. A 66 (02) 012111.

d(**°Xe) = 107%d, +5.2x107%*C; + 5.6x107%°C; + 6.7x107%°n = 6.7x10™ %y



Results: Hg-EDM

dpg = (=220 £ 2.754, £ 1.48.5) x 1079 ecm,

(|| <74x10%ecm (@s%cL) )

Limits on CP-violating observables from °°*Hg EDM limit

ng = =24 x 10_4SHg/fm2

Quantity Expression Limit Ref.
d, Shg /(1.9 fm?) 1.6 x 107%% ecm  [21]
d, 1.3 % Sy, /(0.2 fm?*) 2.0 x 107 ecm  [21]
To Shg/(0.135 e fm?) 2.3 x 10712 5]
a1 St/ (0.27 efm?) [.1 x 10712 5]
s Shg/(0.27 e fm?) .1 x 10712 5]
Oocn 70/0.0155 1.5 x 10710 [22.23]
(d,—d;) 9/2x10%cm™) 57x10% em  [25]
Cs dy, /(5.9 x 1072 ¢cm) 1.3x 1078 [15]
Cp dy, /(6.0 x 107 ¢cm) 1.2 x 1077 [15]

Cr die/(4.89 x 1072 ecm)  1.5x 10719 see text




Features of 3He/'?°Xe spin-clocks

Accuracy of frequency estimation:

A

O; C { Fourier width —

T

1 1
X oc ——
T } L # data points T } L

If the noise w[n] is Gaussian distributed, the Cramer-Rao Lower
Bound (CRLB) sets the lower limit on the variance 2

2
O;

12

-xC (T,TZ*)

>
(27)? -(SNR)* - fg,, - T

Caveat (pHz)

AX =~ 0.1um /day

example: SNR =10000:1, fgw=1Hz, T=1day = \/O'? ~ pHz




Magnetically shielded room (MSR) at Jilich Research Center




Minimizing magnetic field gradients  (arxiv:1608.01830v1 )

1 1 bRLE
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... systematics (cont.)

» motional magnetic fields g :c%( X £)

1B
+_._
2 B,

3N

B=BO+®{EB-Bm
=0

m

» parameter correlations

m

\% PRA 53 (1996) R3705

=0 ¢

= (yvE/c*)for;

(2m)?

6
~3x107*nHz




