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SYMMETRY DISCRIMINATION AND 
MEASUREMENTS OF PARITY VIOLATING 
AND MAGNETOELECTRIC DICHROISMS

IN A Cs VAPOUR
J. Guéna, M. Lintz and M.-A. Bouchiat,

Département de Physique de l'ENS 24 rue Lhomond, 75 231 Paris cedex 05, FRANCE
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ββEz : Stark induced E1 ampli t.

Excited vapour gain axes are // (and ⊥), not to         but to      

: rotated from        by an angle (≈10-6 radians),   odd in Ez-
output probe polarn

atomic factor (Cs density, HFS, νlasers...)
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POLARIMETRIC METHOD OF MEASUREMENT 
...and CALIBRATION

Input probe polarisation

parallel to εεex, rotates during        
propagation by an angle k θPV

(k atomic factor)

Probe po larimeter

Polarimeter imbalance ⇔⇔ left-right asymmetry

ALR(θθPV) ≡≡ (SX-SY)/(SX+SY) = 2 k θθPV

Calibration: rotating εεex by θθcal ⇒⇒ probe rotation k θθcal

ALR(θθcal) = 2 k θθcal

θθPV = [ALR(θθPV) / ALR(θθcal)] . θθcal2

Selection criteria of the PV rotational invariant

IMPLEMENTATION of the EXPERIMENT
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Ideal situation: pure longitudinal E field (and probe polarization             )   
-> (Stark) Parity-conserving alignment with axes           and

-> no imbalance in output probe polarimeter

+ transverse Et fieldR R
adds new Stark alignment, with revolution symmetry around R R
yet, no imbalance

+ transverse Bt fieldS S
Larmor precession of the Et-induced alignmentS S
this new rotated alignment is detectable by the probeS S
non-zero polar imeter imbalance: 

Et, Bt  measured and reduced in dedicated sequences T T θθsyst ≤≤θθpv /10, corrected

This is a P-conserving "Jones Dichroism" (i.e. with axes at 45° from       ) 
due to the transverse Et and Bt fields

Magneto-electr ic optical effectshave also been observed in liquids,   
yet with a Bt =15T and Et=1,7kV/cm

Here it is easily observed with Bt=1G, Et=10V/cm in a dilute vapor, 
and fully understood

a probe misalignment is equivalent to a rotation of 
angle/direction of the probe with respect to the exc beam U

is given by the above formula except for the replacementU
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The experiment is invariant under rotations of              around Ek ˆ//ˆ)ˆ,ˆ( prexcεε
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EXCITATION AND DETECTION
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anisotr opic + isotropic par t !

mimics PV !

size of the ef fect : 1% of 
θθpv for 1mG and 1V/cm

- "isotropic" part = θpv

- "anisotropic" parts: transverse    
fields and misalignments

But is the isotropic part free from systematics
arising from Et , Bt fields or misalignments?

Polarization Magnifier at cell output : 

Passive Amplification of the Polarization Tilt
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θθq
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But… 9 x less photons detected :

photon shot noise also increased X 3 !

To gain in S/N we increase the probe intensity

dichroic component with axes x (transmiss ion ≈≈1) 
and y (transmiss ion Ty << 1)
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How to make a polarisation magnifier ? 

6 brewster plates... with n o two surfaces parallel ! 
(interference + linear birefringence  � birefringence)

...by the atomic medium itself!

Excited vapour ≡ ≡ anisotropic ampli fier 
(ηη: gain anisotropy)�

exponential growth of both

probe intensity and left-right asymmetry vs. optical density

ALR ≡≡ 2 θθPV x [exp(ηη� ) -1] 

= 2 ( E1
PV/ββEz) x [exp(ηη� ) -1]

where � = Ln( Iout/ Iin) : optical density, ∝∝Ez
2� � Increase Ez at will ? ...But cell is long (8cm) � �

high endcap po tentials 
� �

discharges at Ez > 1.8kV/cm

� � � � � � � � � �� � � � � � � � � �
� � � � � � � � �� � � � � � �� � � � �   ¡ ¢� � � � �   ¡ ¢ £ ¤ £ ¥ ¦ § £ ¨ ©£ ¤ £ ¥ ¦ § £ ¨ ©

Exploiting further ALR ampli fication: 
a new PV proposal 
in transverse E fieldª ª

observable = PV excited-state or ientation

The PV orientation is transverseª ª
apply transverse B field 

ª ª
longitudinal PV or ientationª ª

probe circ. dichroism, detected using circular analyser

Advantages of the transverse field configuration:

Larger excitation rate (involves scalar polar isabil ity αα==10xββ),

Longer interaction length is possible without discharges.

Cylindr ical symmetry restored by rotating E and B fields by 45° stepsª ª
predicted quantum-noise limit improves by a factor 10,

or even more in the triggered superradiant regime!
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Proposal for high precision parity violation measurements using amplification of the asymmetry by 
stimulated emission in a transverse E and B fields pump-probe experiment

J. Guéna, M . L intz, M . -A. Bouchiat, to be publ ished in JOSA B (arXiv:physics/0403141)
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HISTOGRAMM OF 

ISOTROPIC VALUES

− θ PV
exp (µrad)

θθ PV (µrad)

EVOLUTION OF THE RESULTS (6 different cells)

2002 20042003

1 point:
400PV data

1 point:
200PV data

Current average result (at 1.74kV/cm): θ θ PV = 1.019 ±± 0.034 (µrad)

agrees with Boulder’s more precise result

Since first results (PRL, 2003), S/N improved by 3.3

⇒⇒ acqu isition  time for S/N=1 reduced  by 10
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� � (exc, pr) : polarizer (li near, x/y or +/-45°, or circular), 
with birefr. and li n. dich.compensators

	 	 (exc, pr) : analyzer (li near, x/y or +/-45°, or circular) 

Faraday glass for 
θθcal modu lation
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