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Photons: Still Bosons™

Spectroscopic test of Bose-Einstein statistics for photons
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Using Bose-Einstein-statistics-forbidden two-photon excitation in atomic barinm, we have limited
the rate of statistics-violating transitions, as a fraction ¥ of an equivalent statistics-allowed transition
rate, to v < 4.0 x 107 at the 90% confidence level. This is an improvement of more than three
orders of magnitude over the best previous result. Additionally, hyperfine-interaction enabling of

the forbidden transition has been observed, to our knowledge, for the first time.
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Spin statistics theorem

« Relates the spin of a particle to the statistics it obeys.
« Integer spin particles (0,1,2...) == Bosons
— WF symmetric under particle exchange

o(z)o(y) = o(y)o(z)

-- Obey Bose-Einstein statistics
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Why?7?...
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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.




Spin statistics theorem

A result from QFT

Assumes:
— Causality
— Lorentz invariance in 3+1 spacetime dimensions

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

Quon algebra? a,a/ —qgafa, =3,,.
Excitation in higher dimensions (string theory)?



Landau-Yang theorem

FIGURE 1. Kinematics of the decay V — 7vy. in the rest frame of V.

« A neutral J=1 boson can’t decay into two
degenerate photons.

— Resulting 2 photon state must have J'=1

W=11>-|11>

« Y (J'=1) anti-symmetric under particle exchange
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* Turn this into a table-top atomic physics experiment by
considering the time-reversed scenario:
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Look for two photon |
absorption in Barium-138 Yi_—--" —>|?>< ---------------- ¥
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* Turn this into a table-top atomic physics experiment by
considering the time-reversed scenario:

QI
Look for two photon |
absorption in Barium-138 Yi_—--" —>|?>< ---------------- ¥
(I=0) g, ky, O €5, ky, 0,
J=1 le)
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In / )
J=0 __I |9) J=0 )
Orthogonal =l g = mj=+1 0 -1
linear
polarizations Q1A: Pathways indistinguishable!

(what about photons?)



« Consider TPA rate
(29 order time-dependent perturbation, Fermi’s golden rule)
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(29 order time-dependent perturbation, Fermi’s golden rule)
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 Consider TPA rate

(29 order time-dependent perturbation, Fermi’s golden rule)
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Sum over intermediate levels, apply Wigner-Eckart
theorem extracting the rank-1 irreducible component of

the transition operator, and assume orthogonal light

polarizations
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When photons are degenerate Q,=Q,=w,,/2

« W+=0, exchange-symmetric photon state can not
excite transition by TPA selection rules

« W-=1/A2, exchange-antisymmetric photon state
allowed if we ignore SST
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* Measured fluorescence signal:
S(8) =y {Wy(8) +vW_ ()}
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FIG. 5. (color online). Laser tuning path during run. The
lasers are tuned in concert with the PBC, either separated by
m=4 longitudinal cavity modes, or in the same mode.



HFl-induced transitions
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FIG. 7. {color online). @ from twelve runs. The error bars
decrease over the hfetime of the experiment as improvements
in excitation and detection efficiency were achieved.



Systematic errors

« False positives
— Ba-137 (11%) and Ba-135 (6.6%), I#0

* Hyperfine splitting breaks symmetry between =10
paths leading to imperfect destructive
interference.
— Zeeman splitting due to b/g magnetic fields =~10"@ 10 G
— Non-zero spectral width of lasers (3 MHz) ~10-12
— Line broadening due to transverse atomic motion ~10-1°
(13 MHz)
— Light shifts =10-12

— E1M2, E2M1 transitions ~10-19



Conclusion

 Photons: still bosons®.
*to 1 partin 10"

(I think...)



