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Fundamental Theory:  SM, SUSY, LR,  …
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Current EDM Experiment
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Cancels up to 2nd order gradient noise
Same EDM sensitivity as Middle Difference

T2 Spin Relaxation:   300 - 600 sec



Cell Holding Vessel

Cell Holding Vessel



Schematic Overview



Faraday Rotation Detection
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Precession in the Dark

e

Optical rotation 
angle of 240

I F

We extract the precession phase φF at the start of the F (final) period 

and the precession phase φI at the end of the I (initial) period.
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Digital Phase Analysis

For neighboring cells, a and b, we want to extract 

To do so, we multiply the signals from neighboring cells.
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Phase Data
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Average angular frequency relative to first scan

This corresponds to a drift of ~1 µGauss/day

System Performance



For the same run:
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Δ(MT-MB)   Middle cell angular frequency difference

Δ(OT-OB)   Outer cell angular frequency difference

0.3 nG/day
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Δ(OT-MT) + Δ(OB-MB)    Quadratic field drift channel

ΔC EDM sensitive frequency combination   

80 pG/day
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edm(n) = (-1)n [ΔC(n-1) - 2 ΔC(n) + ΔC(n+1)]/4

One day EDM signal

edm = xx ± 2.0 × 10-9 rad/s, a factor of 4 improvement over 2009

(3.5 × 10-29 e-cm/day for 10kV runs)



Data Sequences

EDM data is taken in ``sequences’’. Each sequence comprises:

• A defined set of cell orientations and ordering in the vessel
• Equal number of day long runs at 6kV and 10kV
• Equal number of runs with normal and reversed magnetic fields
• Equal number of runs with fast and slow high voltage ramp rates
• Typically 16 -20 runs total

285 edm data runs were taken, spread across 12 sequences.

63 non-edm runs were taken to investigate a systematic error that was 
observed, an HV correlated frequency shift between the outer cells.

32 edm data runs were removed on the basis that:
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Final EDM Data Set cmed sysstatHg  3010)59.175.220.2(

cmedHg  30105.7||

at 95% C.L.

(B. Graner, et al, PRL 116, 
161601, 2016)

cmdd

C

cmed

cmed

du

T

QCD

p

n

27

10

11

25

26

108.5
~~

105.1

106.8

100.2

106.1























History of 199Hg EDM results 18

199Hg EDM
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Systematic Error Budget

Source Error (10-31 e cm)

Axial Cell Motion 12.6

Leakage Currents 5.02

Radial Cell Motion 3.36

E2 effects 3.04

Parameter 

Correlations

2.33

v x E B fields 2.29

Charging Currents 1.83

Geometric Phase 0.06

Quadrature sum 14.8
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Axial cell motion 

By comparing the set of excluded data (32 cut runs + 63 systematic runs) to the EDM runs, 
we determined the feedthrough of the cell motion onto the edm signal:

An obvious solution to reducing this systematic in future work is to reduce the 
magnetic field gradients.

Outer cell motion as small as 100 nm in the known magnetic field gradients would 
account for the observed signals.



Summary and Outlook

We have completed a new measurement of the EDM of 199Hg.  Our result represents 
a factor of 4 increase in sensitivity over our previous experiment.

We have constructed new, shorter vapor cells allowing a 10% increase in the applied 
electric field strength. 

We have installed a new innermost magnetic shield and are in the process of 
measuring and reducing the magnetic field gradients.

If we can identify the source of the excess noise that we see in our frequency 
difference measurements, a factor of 2-3 improvement in sensitivity is possible with 
the existing apparatus.


