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SYMMETRY DISCRIMINATION AND
MEASUREMENTS OF PARITY VIOLATING
AND MAGNETOELECTRIC DICHROISMS

IN A Cs VAPOUR

J. Guéna, M. Lintzand M.-A. Bouchiat,
Département de Physique de I'ENS 24 rue Lhomond, 75 231Paris cedex 05, FRANCE
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EXCITATION AND DETECTION

EVOLUTION OF THE RESULTS (6 different cells)
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Passive Amplification of the Polarization Tilt

Two experiments at the same time.
Fexe = " s rotated dichroic component with axes x (transmission =1)
£ v e andy (transmission T, <<1)
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Plane of )
08I G gy # gAING, g :PV! symmery! Since first results (PRL, 2003), S/N improved by 3.3
E,"V": PV E, 6S-7S amplitude O acquisition time for SIN=1 reduced by 10
Parity violation due to pseudoscalar gain $ wecforence
Sm(EFY) B (B, 2 Aéeze . émr) (¢xc. am) BE,: Stark induced E; amplit Current average result (at 1.74kV/cm): 8°V=1.019 + 0.034 (urad)

agrees with Boulder's more precise result But... 9 x less photons detected :
photon shot noise also increased X3!

Excited vapour gain axes are // (and [), not to €exc but to E8=Eexctd ™ Eexc\2

: rotated from &xc by an angle|@»=0OmE"/BE:| (=108 radians), oddin Ez To gainin S/N we increase the probe intensity

HISTOGRAMM OF Cell 2003 + Cell 2004
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6 brewster plates... with no two surfaces parallel !

(interference + linear birefringence =» birefringence)
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POLARIMETRIC METHOD OF MEASUREMENT silica plates
..and CALIBRATION
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CYLINDRICAL SYMMETRY DISCRIMINATION _by the atomic medium itself
AND THE MAGNETO-ELECTRIC EFFECTS

Polarimeter imbalance = left-right asymmetry Excited vapour = anisotropic amplifier

ALR(QPV) = (Sy-SY)/(Sx*+Sy) = 2 k (<% (n: gain anisotropy)
= exponential growth of both

Calibration: rotating = by 8<@' O probe rotation k 6! The experiment is invariant under rotations of (€exi€pr)around KIIE probe intensity and left-right asymmetry vs. optical density
A g(B2) =2k 62l e o o o
LR 4 Polarization config" : 0°, 45°, 90°, 135 A R=26"Vx [exp(nA) -1]
0PV = [A, L(BPV)/ A, .(6cah3 Bcal - |solr0plc part =6V -
> L0 AnE) A et | 4 \ =2(E,”V/BE,) x [exp(nA) -1]
fmlsotmplc parts: ransverse where A = Ln(I°vY |in): optical density, OE,?

fields and misali gnments .
But isthe isotropic part free from systematics = Increase Ez at will ? ...But cell is long (8cm)

Selection criteria of the PV rotational invariant arising from Et, Bt fields or misali gnments? = high endcap potentials = discharges at E, > 1.8kV/cm

Criteria Selection of against Period

Exploiting further A, ; amplification:

_ 5‘1 -8y Imbal;mc.c bctv:'ccn intensity, population each ‘ The case of T E 4B fiolds:
5.+ 5, R-L configurations pulse ransverse E and B fields:
e o - anew PV proposal
AD = D™ - D Atomic imbalance non atomic 1 ms Ided situation: pure longitudinal Efield (and probe polarizatign £pr//£exc) - E field "
I 0 —  imbalance D!  —  CALIBRATION [oss | -> (Stark) Parity-conserving alignment with axes exc and Ez/\éexc In transverse E field = .,
st PC E. effe
E.-odd PV cffect (main signature) "‘“émk's‘mk‘,‘ “ | oss -> noimbalance in ouput probe polarimeter =observable = PV excited-state orientation

instrumental defects The PV orientation is transverse

Tilt (€%, )-0dd Tr larization effect . 6s : .
leealo e poation e (BML geometrical) + transverse E field ) ) ! = apply transverse B field = longitudinal PV orientatiofi
=> adds new Stark alignment, with revolution symmetry around .

eﬁl{ E; -even (1{:2:;:';;‘;‘;'"0 "a‘;;“;;’:;‘;’;' 125 5 yet, noimbalance = probecirc. dichroism, detected using circular analyser
&< isotropic ‘RMmonﬂ invarian‘t stray transverse B, E, > . Advantages of the transver s field configuration:
(cf" evlindrical symmetry”) field effects + transverse B, field X . ) Larger excitation rate (involves alar polarisability a=10),
=» Larmor precesson d the E-induced ali gnment ) ) ) . ) )
r = this new rotated alignment is detedable by the probe Longer interaction length is possble without discharges.
=» non-zero polarimeter imbalance: Cylindrical symmetry restored by rotating E and B fields by 45° steps
F =» predicted quantum-noise limit improves by a factor 10
e N = Piatr = WS-V LV SCPRVE Y or even more in the triggered superradiant regime!
IMPLEMENTATION of the EXPERIMENT O for 1mG and 1viem pason dpencirce

E,, B, meaured and reduced in dedicated sequences 98, <6 /10, correded

Block diagram
Thisis aP-conserving "Jones Dichroism” (i.e. with axes at 45° from _ )
dueto the transverse E, and B, fields / REFERENCES \

* A new manifestation of atomic parity violation in cesium: a chiral optical gain induced by linearly
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Hereit is easily observed with B=1G, E=10V/cmin a dlute vapor, D. Sarkisyan, Phys. Rev. Lett. 90, 143001 (2003)
and fully understood " Cylindrical symmetry discrimination of magnetoelectric optical systematic effectsin a pump-probe
atomic parity violation experiment”
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> isgiven b/ the above formula except for thereplacenent J.Guéna, M. Lintz M. -A. Bouchiat, to be published in JOSA B (ar Xiv:physics/0403141)
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