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Slide taken from Pete Schmidt’s talk at CERN 



CLOCKS
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To measure time
Dark matter searches
Variation of fundamental constants

Oscillator Counter
Laser
Microwave

Feed back

E.g. Frequency comb

Microwave clocks (Cs)
Optical clocks (Sr, Yb+, Al+)

Statistical uncertainty: frequency, linewidth
Systematic uncertainty: small frequency shifts

Stability

Accuracy

Uses:

Rights: The University of Waikato Te Whare Wānanga o Waikato

Reference atom



QSNET
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Barontini et al.

Goal
To find possible variation in the fundamental 
constants ; 

• Fine structure constant α → Δν/ν = KΔα/α
• Electron to proton mass ratio µ

Ar

Ar

An example: Neutral Ar

Highly charged Ar

Strip e-

Clock Κα Κµ

Yb+ (467nm) -5.95 0

Sr (698 nm) 0.06 0

Cs (32.6 nm) 2.83 1

CaF (17 μm) 0 0.5

N2
+ (2.31 μm) 0 0.5

Cf15+ (618 nm) 47 0

Cf17+ (485 nm) -43.5 0

Highly charged ions(HCI)
•Less sensitive to external perturbations
•Relativistic and QED effects are enhanced 

https://www.toptica-eagleyard.com/ey-application-post/atomic-clock/?_application=atomic-clock
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STEPS INVOLVED

Step 1: Heidelberg Step 2: Heidelberg Step 3: Birmingham

DOI: 10.1126/science.aaa2960 Credits: Julian Stark

Electron Beam Ion Trap

http://dx.doi.org/10.1126/science.aaa2960
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Be IONS WITH 1 HIGHLY CHARGED Ar
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Beamline EBIT

Gun

Laser ablation source

Gas injection
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EBIT AND BEAMLINE



Camera

Vacuum chamber

Oven
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CRYOGENIC PAUL TRAP

X
XZ

Y
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THANK YOU 
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EBIT safely arrived at Birmingham !
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Outlook

• Getting the 
QSNET to work

• In the mean 
time set up an 
optical clock at 
DESY

• Link clocks 
across the 
globe

https://commons.wikimedia.org/wiki/File:Swan_View_Tunnel_long_exposure.jpg
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Slide taken from Pete Schmidt’s talk at CERN 


