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In the annihilationof polarizedortho-positronium(o-Ps),

thequantity
�
s � � �k1 � �k2 � (where

�
k1 and

�
k2 arethetwo largest

photonmomenta,and
�
s is the o-Psspin) is odd undertime

reversal,and underthe combinedsymmetryoperationCPT
(charge, parity, and time). The crossprodut

�
k1 � �k2 defines

the decayplaneof the threeannihilationphotons. If CPT is
a conservedsymmetry, polarizedo-Pswould show no asym-
metry in the orientationof the decayplanewith respectto
theinitial spindirection.We searchedfor suchanasymmetry
usingGammasphere.Although the StandardModel respects
CPT symmetry, somepromisingextensionsto the Standard
Model, suchas string theory with extra spatialdimensions,
predicttiny violationsof LorentzinvarianceandCPTsymme-
try, which couldbeaslargeas10� 5 in o-Ps.

Polarizedpositroniumwasproducedin Gammasphereus-
ing 10 µCi sourcesof 68Geand22Na. Positronsfrom β decay
arepolarizedalongtheir momentum.Thesourcewasplaced
undera thin scintillator anda hemisphereof silicon dioxide
aerogel.Only upwarddirectedandpolarizedpositronstrigger
the dataacquisitionandform o-Ps. In a 36-dayrun in sum-
mer, 2002,we acquired2 � 65 � 107 events(passingcuts)of o-
Psdecay. For eachevent,we reconstructedthetriple product�
s � � �k1 � �k2 � . The sourcecould be rotatedin Gammasphere,

andweusedfour differentpositionsto searchfor any artificial
asymmetry. The two sourceshave differentnet polariztions
for the o-Psthey produce:22Na hasP � 0 � 43 and68Ge has
P � 0 � 61. A true asymmetrysignalwould scaledifferently
for thetwo sources.

The experimentalsensitivity to an asymmetrywas deter-
minedusingMonte-Carloeventsfrom a GEANT simulation
of Gammasphere.Eventsweregeneratedwith a falseCPT-
oddsignalin theo-Psdecayphotons.Wegeneratedtheasym-

metry in the datahistogramof
�
s � � �k1 � �k2 � (shown in Fig-

ure 2) (by calculatingthe odd part of the histogramabout�
s � � �k1 � �k2 � � 0) andin theMonte-Carlodata.Theamplitude

of a CPT-odd signal in the datais the ratio of the up-down
asymmetryin thedatato theMonte-Carloasymmetry. In Fig-
ure1, we plot theCPT-oddsignalfor eachof sevendatasets.
No CPT-oddasymmetryor geometricasymmetryis observed.

Averagingthe dataover both sourcesandall orientations,
wefind theCPT-odddecayamplitudeC �	� 0 � 0022
 26� . This
givesa90%confidencelevel limit of C � 0 � 005.This is afac-
tor of ten improvementover previous searchesfor the CPT-
odd decayasymmetryin [1] and[2]. This is mainly due to
higherdetectionefficiency andfasterdataacquisitionin Gam-
masphere.Gammasphereis a 4π detectorwhich candetect
eventswith any decayplaneorientationwith respectto the
o-Psspin. This experimentwasthereforelesssusceptibleto

falsegeometricasymmetries,suchasa sourcedisplacement
whentheo-Psspinwasreversed.Testsof largepositionand
angleshiftsof thesourcein theMonte-Carlosimulationgave
no asymmetrylarger thanC � 0 � 002,consistentwith our ob-
servationsfor differentsourceorientations.
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FIG. 1: Asymmetryaveragesfor sevendatasets.
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FIG. 2: Data histogramof �s ��� �k1 � �k2 � for one run comparedto

Monte-Carlogenerateddatawhich includesa CPT-odd correlation
of amplitudeC � 1. Peakfeaturesarecausedby theplacementof the
Gammaspheredetectorsinto a regularring pattern.
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