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Spin orientation
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G switch ACME I & ACME II

• G switch was applied in ACME I, but NOT in ACME II

• In ACME I, the molecules are prepared into H state with

optical pumping, laser go horizontally, having the freedom 

of choosing polarization.

ACME I switches



G switch ACME I & ACME II

• G switch was applied in ACME I, but NOT in ACME II

• In ACME II, the molecules are prepared into H state with STIRAP, laser 
go vertically, under the specific STIRAP scheme there is only 
polarization in XZ plane can be prepared, no rotation in XY plane.

Not possible
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Theory for G switch: How it works (A brief look ahead)
• Polarization of light under G switch
• Spin misalignment and EDM systematic
• Imperfect optical pumping
• G switch suppression

Show how G switch flip sign of 
ellipticity, and what is its effect on 
linear angle.
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Theory for G switch: How it works 
• Polarization of light under G switch
• Spin misalignment and EDM systematic
• Imperfect optical pumping
• G switch suppression

Show how G switch flip sign of 
ellipticity, and what is its effect on 
linear polarization component.
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• Polarization of light under G switch

• Generation description of light polarization



• Polarization of light under G switch



• Polarization of light under G switch

Optical system  (window, FP)



Theory for G switch: How it works (A brief look ahead)
• Polarization of light under G switch
• Spin misalignment and EDM systematic
• Imperfect optical pumping
• G switch suppression

Spin orientation

Preparation Laser pol.
Readout Laser pol.

Find out how spin misalignment gives false EDM signal.



Way to represent spin misalignment

• One-to-one mapping between pumping light polarization and dark 
state of molecule

Pumping Laser pol.

Spin orientation (dark state)

Pumping Laser pol.

Spin orientation (dark state)
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Spin orientation (dark state)



Way to represent spin misalignment

• In the following slides, I will use the pol. of pumping light that have 
the dark state with same molecule spin orientation to represent spin 
direction.

Pumping Laser pol.

Spin orientation (dark state)

Pumping Laser pol.

Spin orientation (dark state)

Pumping Laser pol. Spin orientation (dark state)



ACME - ideal

Spin orientation

Preparation Laser polarization

1.
Use optical pumping to pump out the 
“bright state” defined by preparation 
laser polarization, 

Prepare spin of ThO molecule into the 
dark state (orthogonal to preparation 
laser polarization)

2. 
Spin state of ThO molecule precesses
under E and B field.

The precession angle       contains 
information about eEDM

3.
Readout precessed spin by using two 
orthogonal readout laser and measure 
photon counts                and calculate 
asymmetry 

And then solve for        , find out eEDM

Readout Laser polarization



ACME - ideal

In ideal case: Preparation Laser and Readout Laser needs 
to be perfectly linear polarized.

Two readout Laser (X and Y) need to be perfectly 
orthogonal. 

Spin orientation

Preparation Laser polarization
Readout Laser polarization



ACME – what will happen in non-ideal case
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ACME – possible non-ideal case
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deviate from where it suppose to be,

Becoming 



ACME – possible non-ideal case

Linear polarization orientation  of Readout lasers, 
deviate from where it suppose to be,

Becoming 

Readout Laser polarization



ACME – possible non-ideal case

Spin orientation

Preparation Laser polarization

Spin orientation

Preparation Laser polarization



ACME – possible non-ideal case



Spin misalignment and EDM systematic



Spin misalignment and EDM systematic



Non-reversing E field



Spin misalignment and EDM systematic



Theory for G switch: How it works (A brief look ahead)
• Polarization of light under G switch
• Spin misalignment and EDM systematic
• Imperfect optical pumping
• G switch suppression

Calculate how laser pol. imperfection
gives rise to spin misalignment in 
optical pumping.

Laser pol.

Spin orientation



Imperfect Laser pol.

Misaligned spin orientation, as 
dark state of some effective pol. 
different from the nominal pol.

Nominal Pump. Laser pol.
Spin orientation, exactly as dark state 
of nominal pump. laser pol.



Nominal Pump. Laser pol.
Spin orientation, exactly as dark state 
of nominal pump. laser pol.



Imperfect Laser pol.

Misaligned spin orientation, as 
dark state of some effective pol. 
different from the nominal pol.





Imperfect Laser pol. Imperfect Laser pol.

Imperfect Laser pol.



Imperfect Laser pol.











Theory for G switch: How it works (A brief look ahead)
• Polarization of light under G switch
• Spin misalignment and EDM systematic
• Imperfect optical pumping
• G switch suppression

Exam how contribution to false EDM from 
pol. imperfection get canceled with G 
switch on and off.

Laser pol. 
imperfection

Molecule spin 
misalignment

False EDM

Laser pol. 
imperfection

Molecule spin 
misalignment

False EDM
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Obvious.
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G switch in ACME I



Ben spaun thesis for ACME I













Consistent with ‘zero’ under ACME I statistical uncertainty
Statistical uncertainty error bar is too large when doing systematic check, unable to reduce the uncertainty
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ACME III Field Plates requirements

Worth spending more 
time looking at



ACME III Field Plates requirements

Major source for birefringence improvement:
• Using SF for vacuum windows
• Better Field Plate mounts

Minor source for birefringence improvement:
• Using SF instead of Corning 7980 for FP


