
http://www.umich.edu/aehardt  

 Precision Time Measurement and  

a Novel Two-Photon Clock Scheme 
An E1-M1 Clock 

 

E.A.ALDEN 
Leanhardt Lab 

Department of Physics, University of Michigan 

 

 

10/17/2012 FiO/LS 2012, Rochester, NY 1 



http://www.umich.edu/aehardt  

Overview 

E1-M1 Clock 

A Hot Hg Clock 

Experimental Progress 
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The Clock Transition 
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The Clock Transition 
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Clock Wisdom:  

If you can’t relax, you can’t get excited.  

You need to reduce the forbiddenness. 
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The Work-Around 

10/17/2012 FiO/LS 2012, Rochester, NY 

Just Add: 

•Levels 

•Nuclear Spin 

 -or- 

 Magnetic Field 
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E1-M1 Clock 

Novel Excitation Scheme 
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E1-M1 Clock 

Two-Photon Rabi Frequency 
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Hot Hg Clock 

Frequency Standard Proposal 
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Hot Hg Clock 
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Hot Hg Clock  

Vapor Cell 

• 1013 Hg atoms/cm3 @ 293 K 

• First-order Doppler Broadening 
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Clock Stability vs. Size 
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Knappe et al OL 2005 

McFerran et al IEEE 2012 

Ludlow et al Science 2008 

Chou et al PRL 2011 
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Hot Hg Clock  

Broadening Mechanisms 
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Vapor Cell @ 250°K 
 

531nm beam: 

 D = 2mm  

 P = 10 W  

[1] Hachisu, PRL 2008 

[2] Mishra, Spectroscopy 2008 

[3] Ye, Wang, PRA 2008 
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Hot Hg Clock  

AC Stark Shift 
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Special Thanks to Guangfu Wang for furnishing the exact values at 531nm 

531nm 

Experimental Challenge: 

Precise Power Metrology 
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Hot Hg Clock 

First-Order Doppler Broadening 
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Experimental Challenge: 

Precise Retro-Alignment 
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Experimental Challenge: 

Measure & Characterize 

Collision Broadening 

Hot Hg Clock 

Collision Broadening 
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Experimental Progress 

Laser System 
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Experimental Progress 

I2 Reference 
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I2    Gerstenkorn 1980 

Hg  Peterson PRL 2008 
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Next Steps 
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Collision 

Effects 

Stark 

Shift 

Atom Number 

Temperature 

Optimal Clock Novel Observation 

E1-M1 Optical Access  

to a Clock Level 
 

Bosonic Spectroscopy of Clock Level 

 

17 



http://www.umich.edu/aehardt  

Thank You 
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• Funding: 

 DARPA/ARO 

 AFOSR 
Aaron 

Leanhardt 

Skyler 

Degenkolb Yisa 

Rumala 

Jeongwon 

Lee 

Emily 

Alden 
Kaitlin 

Moore 

Jinhai 

Chen 

Tim 

Chupp 

Leanhardt Lab 

Slides available at: http://www-personal.umich.edu/~ealden/  
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Fourier Limited 

Seed & Amplifier Homodyne 

 

Seed 
with 

Amplifier 

Seed 
with 

Seed 

Linewidth: 

12.1±6.1H

z   

Linewidth: 

7.2±3.6Hz   

1062 nm 

14.2W 
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Laser Characterization 

• After replacing the amplifier in the system, measurements show no 

systematic change in the linewidth of the beat note. 
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• Increasing amplifier power: 
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Cold Hg Clock Advantages 

•Dense MOT 
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3S1 - Detection 
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• QE 435:  

  OD 2.64 

  0.2% 

• SNR: 

  7 counts/sec 
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Sample Scan 
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