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Motivation for eEDM Search

Data compiled by Amar Vutha
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Motivation for eEDM Search

• Permanent EDMs violate CP
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Motivation for eEDM Search

• Permanent EDMs violate CP

• Standard Model CP violation is 
highly suppressed for leptons 
SM eEDM is unmeasurably small
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Motivation for eEDM Search

• Permanent EDMs violate CP

• Standard Model CP violation is 
highly suppressed for leptons 
SM eEDM is unmeasurably small

• Extensions to the SM (e.g. 
supersymmetry) predict eEDMs
at levels accessible to present 
experimental techniques

Data compiled by Amar Vutha

-40

-35

-30

-25

-20

-15

-10

1960 1970 1980 1990 2000 2010

E
le

ct
ro

n
 E

D
M

 U
p

p
e
r 

L
im

it
 (

e
cm

)

Year

Experimental Limits on the eEDM
10

10

10

10

10

10

10
Standard Model

Hinds

YbF

5

Supersymmetry



Motivation for eEDM Search

• Permanent EDMs violate CP

• Standard Model CP violation is 
highly suppressed for leptons 
SM eEDM is unmeasurably small

• Extensions to the SM (e.g. 
supersymmetry) predict eEDMs
at levels accessible to present 
experimental techniques

• Observation of a nonzero 
eEDM  new physics

Data compiled by Amar Vutha
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ThO eEDM Apparatus
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ACME Update – Statistics
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Blinded EDM Measurements

Histogram of Blinded EDM Values

Measurement Number: ~100 Averages per Point
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Difference from BLINDED Mean EDM Value [10-27 e cm]

• 100 hours of data

• Blind offset added in analysis; plots 
show difference from blinded mean

 No eEDM value can be derived from 
this data until the blind is removed

• Statistical error bar after 100 h:

Plots from Nick Hutzler



Isolating eEDM Precession Phase
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Isolating eEDM Precession Phase
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The eEDM phase can be isolated from 
most other phases in the experiment 
using the eEDM’s particular 
symmetry under the parameter 
switches:

• N – orientation of the ThO molecule 

• E – applied electric field

• B – applied magnetic field
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The eEDM phase can be isolated from 
most other phases in the experiment 
using the eEDM’s particular 
symmetry under the parameter 
switches:

• N – orientation of the ThO molecule 

• E – applied electric field

• B – applied magnetic field



Determining Systematic Error 
Bars

• Suppose systematic depends linearly on experimental 
imperfection X (e.g., X = Enr):
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Determining Systematic Error 
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• Suppose systematic depends linearly on experimental 
imperfection X (e.g., X = Enr):

• We can set limits on the magnitude of the imperfection X
through direct measurement:
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Determining Systematic Error 
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Determining Systematic Error 
Bars

• Suppose systematic depends linearly on experimental 
imperfection X (e.g., X = Enr):

• We can set limits on the magnitude of the imperfection X
through direct measurement:

• To determine the systematic phase shift, we need to know

• Generate a large X >> Xlim and measure the resulting eEDM:
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Slope = 



Determining Systematic Error 
Bars

• Suppose systematic depends linearly on experimental 
imperfection X (e.g., X = Enr):

• We can set limits on the magnitude of the imperfection X
through direct measurement:

• To determine the systematic phase shift, we need to know

• Generate a large X >> Xlim and measure the resulting eEDM:

• Now we can set a limit on          : 
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Slope = 



Determining Systematic Error 
Bars – Example 
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So far, every studied systematic error term contributes an uncertainty of:

Figure courtesy of

Ben Spaun



Summary and Conclusion
• The ACME collaboration is performing an eEDM measurement with 

a to-date statistical uncertainty of:

a factor of 20 below the current upper limit on 

• By switching experimental parameters N, E, and B, we can cancel 
out all contributions to the phase that have a different symmetry 
from the eEDM

• We put limits on the remaining systematic effects by amplifying and 
measuring them directly.

• Once we are finished studying our systematic effects, we can un-
blind the data and report a result!
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