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Why??... 
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• Feynman’s lectures on physics (Vol 3, Ch4 – Identical Particles)

An explanation has been worked out by Pauli 
from complicated arguments of QFT and 
relativity… It appears to be one of the few places 
in physics where there is a rule which can be 
stated very simply, but for which no one has 
found a simple and easy explanation…  This 
probably means that we do not have a complete 
understanding of the fundamental principle 
involved.involved.



Spin statistics theorem

• A result from QFT
• Assumes:

– Causality
– Lorentz invariance in 3+1 spacetime dimensions– Lorentz invariance in 3+1 spacetime dimensions

• Observing even a miniscule violation would rock 
the foundations of modern physics

• Quon algebra?
• Excitation in higher dimensions (string theory)?



Landau-Yang theorem

• A neutral J=1 boson can’t decay into two • A neutral J=1 boson can’t decay into two 
degenerate photons.
– Resulting 2 photon state must have J’=1

ψ=|↑↓>-|↑↓>

• Ψ (J’=1) anti-symmetric under particle exchange



• Turn this into a table-top atomic physics experiment by 
considering the time-reversed scenario: 
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J=0 + 2 γ à J’=1J=0 + 2 γ à J’=1

Orthogonal 
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polarizations
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• Turn this into a table-top atomic physics experiment by 
considering the time-reversed scenario: 

Look for two photon 
absorption in Barium-138 

(I=0)
J=0 + 2 γ à J’=1J=0 + 2 γ à J’=1

Pathways indistinguishable! 
(what about photons?)

Q1A:

Orthogonal 
linear 
polarizations



• Consider TPA rate 
(2nd order time-dependent perturbation, Fermi’s golden rule)

• Generalize to allow for Bose-Einstein 
statistics violation

• Sum over intermediate states |n>
• Amplitudes for each path interfere 
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• Generalize to allow for Bose-Einstein 
statistics violation

• Sum over intermediate states |n>
• Amplitudes for each path interfere 

– Constructively, ψ (2 γ) symmetric
– Destructively, ψ (2 γ) anti-symmetric

(under particle exchange)



• Consider TPA rate 
(2nd order time-dependent perturbation, Fermi’s golden rule)

What determines the relative phase between 
paths?  Is this equation valid for all 3 cases of 
photon states?

3 cases: distinguishable                  

indistinguishable symm / antisymm

Or am I thinking about this wrong? 

Q1B:



• Sum over intermediate levels, apply Wigner-Eckart 
theorem extracting the rank-1 irreducible component of 
the transition operator, and assume orthogonal light 
polarizations

Q2: What symmetry 
is leading to this 
selection rule for the 
symmetric state?



• When photons are degenerate Ω1=Ω2=ωeg/2
• W+=0, exchange-symmetric photon state can not 

excite transition by TPA selection rules
• W-≈1/∆2, exchange-antisymmetric photon state 

allowed if we ignore SST

1 cm-1 ≈ 30 GHz



• Measured fluorescence signal:

Assume v small, Taylor 
expand about δ=0



F = 340

FSR = 50 MHz





HFI-induced transitions





Systematic errors

• False positives
– Ba-137 (11%) and Ba-135 (6.6%), I≠0

• Hyperfine splitting breaks symmetry between 
paths leading to imperfect destructive 
interference.

– Zeeman splitting due to b/g magnetic fields

≈10-9

≈10-11 @ 10 G– Zeeman splitting due to b/g magnetic fields
– Non-zero spectral width of lasers (3 MHz)
– Line broadening due to transverse atomic motion  

(13 MHz)
– Light shifts
– E1M2, E2M1 transitions

≈10-11 @ 10 G

≈10-12

≈10-15

≈10-12

≈10-19



Conclusion

• Photons: still bosons*.
* to 1 part in 1011

(I think…)(I think…)


