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1. I am a GF enthusiast:

2. Co-authored: Atomic physics with highly-charged heavy ions 
and atomic-physics inspired nuclear physics at the Gamma Factory
with A. Derevianko, M. Zolotorev, V. Flambaum, S. Pustelny, and A. 
Surzhykov

3. Provided critique of the draft of the Bessonov
et al paper

4. Co-authored a related paper 22 years ago!
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My        is gamma factory!
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Parity Violation 
☞ level-mixing

☞ circular dichroism
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Resonance condition:

With LHC (γ≈3000): up to Z=48 (Cd)
(for  1s→2p in hydrogenic ion) 
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Relativistic magic applied twice! 
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• Resonant cross-section:
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Note: Rabi oscillations picture is equivalent!

• 1s→2p in PSI: 2 ≈ 122 nm/Z2

• Transition rate: !"#$ ) Φ = !"#$ )
7̇/810
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Example: 2B"$CD = 1 Fm, GH = 1 m → 2B"$CD)

I?
'
≈ 0.5 mm2

J

J’

ℏ = 1



10

• Doppler broadening: Γ"=2δ$ % &'()*+ = ,-
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• Fraction of resonant ions: Γ0/Γ" (for Γ0<Γ")

• 1s→2p in PSI: 
12
34
≈ 4 % 10-8 Z2

• Resonant-transition rate: 
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• ⇒ There is still population in upper state:

• Rate of photon emission

• Homogeneous and inhomogeneous broadening
J
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• With narrow-band light (good)

• With broadband light (better)

• With chirped light (the best)

• This was discussed by Simon Rochester
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• Let us talk about 1D optical molasses first
Photon scattering rate:

Momentum kick:

Average force:

• Q: What is the final temperature?

!" = Γ%
I am sorry…
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When Γ" = Γ$ (= &')

But one can go much colder! 
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• Equilibrium temperature: balance of cooling and heating

• Doppler limit holds for PSI 
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• Only one laser beam

• PSI are not free ⇒ accelerator dynamics important

• It works!  since 1990s

• Doppler Limit for PSI:                           
scales as Z3/2

• Cooling dilemma: avoid photoionization but overcome 
heating due to intrabeam scattering
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S. Pustelny
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• Ionization on residual gas

• Field ionization

• Photoionization from 2P (and for Z>40, also 2S)

also

• Need laser cooling to reduce        ⇒ laser cooling

• Is the required laser realistic? 



• How to detect the PV transition? Absorption cavity?

• Systematics due to stray E-field mixing

• E-field due to the ions’ space charge

• Laser cooling should be faster than intrabeam scatt.


