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CLOCK-COMPARISON
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He/Xe comagnetometry: <« co-located polarized 3He and 2°Xe gas sample

» normalization of the magnetic field with 3He precession (magnetometer)

Weighted frequency difference: AG* = wt,, — ’;Z‘: wty,
2
= | B+ 3y E —%{m@i%}
New observable: A@T = + %dXe -E independent on Zeeman-term
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CLOCK-COMPARISON

- precession signal
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EXPERIMENTAL SETUP

EDM SETUP

low electromagnetic noise  EDM cell (10cm)

« Valve + Filling line

« Sensor (SQUID gradiometer)
» Electrodes +- 4kV (0.8kV/cm)
« HV Feedthrough

« Conductive casing (SF6)

-> High SNR & T2*

Magnetic field system
two perpendicular fields

s Gas periphery
g Sstorage, mixing, and transfer
as without polarization losses
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EXPERIMENTAL SETUP

Magnetically Shielded Room at Forschungszentrum Julich
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EXPERIMENTAL SETUP

Magnetically Shielded Room at Forschungszentrum Jilich

) 1
> One layer aluminium (RF-shield) + two layers mu metal * e—% 2 % \VB|*-p
> Shielding factor (static): S =~ 300 2
> Residual magnetic field: Bies ~ 20nT ﬂ{m
» Magnetic field gradients: VBres = 200pT/cm v VAV VAV N -
Characteristic time constant of coherent spin precession: u U

VB..s not sufficient for long coherent spin precession - T, ~1 min ‘
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EXPERIMENTAL SETUP

Initial initiative to reduce the magnetic field gradients: additional mu-metal cylinder
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EXPERIMENTAL SETUP

« Firmly installed inside the mu-metal cylinder « Two perpendicular magnetic fields
s limited spatial access s to Initiate spin flip (field rotation)

« Magnetic holding field (B = 400nT) - Cosine-Theta-Coil + Solenoid

% has to be as homogeneous as possible

Magnetic field gradients actively reduced to VB = 10 pT/cm

Achievable spin coherence time (p = 100 mbar):
Tz*(129Xe) ~3h > T=3- TZ* ~ 9h ‘
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EXPERIMENTAL SETUP

in Magnetically Shielded Room (MSR) at Forschungszentrum Jiilich
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EXPERIMENTAL SETUP

MSR

---------------------------------------------------

2 layer mu-metal shiald J .,-________________________________________________-I]
+ B shbelcl (b minisim) = removable cos-coil lid
¥ |
- ‘i mu-metal cylinder
Achievements so far: ¥ / i e
E E ‘I{,-' GRF tube e
SQUID system + MSR  — SNR ~ 10000: 1 | 7 |
EDM cell + B-field —T ~ 9h I | (o f
” / letﬂvlﬂ-gradinmﬁcr |
N EDM-ce
HV + grounded casing — E = 0.8kV/cm L -
¥ I HAkv 1 4kv
gas mixing & transfer w/o polarization losses ¥ 1 preumatic valve [
' B, (cos-cail) B, (solenoid)
¥ T — |
turbie . B
gas preparation : EB'-’""'" gas transfer line
outsice MER L ‘_}
H ", removable cos-coll lid
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ANALYSIS

d=0
Weighted phase difference: ADLpy () = f ADgpy (t)dt = const.
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ANALYSIS

~ 2
Weighted phase difference: ADppy(t) = f ADgpy(t)dt = J%d -E(t) dt
__t N __ 2t __ 2t
AD(t) J Dy + Awyin "t + Eye-e T2 HO + By, e X + Fy, - e THO) + Fy, - e "Xy gy, Jh(E)
deterministic phase shifts EDM phase
BUT: h(t) has to be chosen to be uncorrelated with deterministic phase shifts!!!
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Electric field reversed every few hours, depending on T," (usually T, = T,” = 3 h)
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ANALYSIS

Fit-residuals of the weighted phase difference:

t t 2t 2t
AD, . (t) = AD(t) — [CDO +Awjip t+Epe-e 2HO + By e T2Xe) 4+ Fy e T'(He) L Fy e Tz*(Xe)]

*

measured wpd

deterministic phase shifts

EDM run #2 - July 2017
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Phase residuals are statistically distributed around zero

possible Xe-EDM (EDM phase modulation) smaller than statistical sensitivity mms) determinate upper limit
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ANALYSIS

Fit-residuals of the weighted phase difference:

t t 2t 2t
AD,.(t) = AD(L) — [CDO +Awyp t+Ege-e T2HO + Ey oo T2 (X&) 4 Fpy v T27(HE) + Fy - Tz*(Xe)]

*

EDM run #2 - July 2017
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Leakage currents —1.9-1073%cm

Charging currents —6.7 - 10733ecm

Geometric phase —0.5-10"%%ecm

Motional magnetic field —6.2-10"*3ecm

Stefan Zimmer




LEAKAGE CURRENTS

SQUID gradiometer
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LEAKAGE CURRENT

Electric current I, In or close to the EDM cell causes additional
magnetic field B4

Comagnetometry helps out...

BUT: Corresponding magnetic field gradients change the precession frequency
differently for each species due to different centers of mass!

lieak AdBiear (1)

Biear(r) = 1o - Lieak = 10pA = VBieqr = <5-: 10_3pT/cm
2T dr

correlation to the electric field -> false-EDM

Vdeqr < 2-1073%cm conservative estimation!!
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RESULTS

Preliminary fit results (incl. statistical error) from nine individual measurement runs in 2017

EDM run | dx.[107%7ecm]

. #1 —9.35 4 10.74
= #2 —6.19 + 9.47
= #3 5.43 + 10.31
#4 —1.66 + 7.64

#5 1.11 + 7.35

= #6 2.99 + 4.13
= #7 —0.11 + 1.02
#8 3.17 + 2.15

#9 ~3.51 + 591

Weighted mean (incl. systematic error):
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CONCLUSION

The Xe-EDM experiment was (Is) a great success!

The experimental setup works the way we planned:

SQUID + MSR: SNR ~ 10000:1 mu-metal cylinder & gradient coils: T~9h

With first measurements (~ one day effective measurement time):

Former upper limit (2001): |dxel <7.3-107%7ecm (95% CL) g oo be s Gooy
New upper limit (preliminary): |dxe| < 1.5-107%”ecm (95% CL)

..Will be published soon!
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OUTLOOK

Follow-up measurements in MSR in Julich...

New EDM cell with higher storage time
New HV supply

Automation

...but how can we improve big time?
8dy, ~4-107%%ecm /day < &dyg ~4-107*°ecm / day

-1
Reminder: oq o (£+E-SNR-T/2) VB p
2 *

reduced noise higher SNR

@SR in Heidelberg higher p ]4 higher HV
reduced VB ]/ »| longerT,"

serious competition with *®*Hg-EDM in sight...
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Thank you for your attention.




