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We have measuredhe annihilationof positroniumto four
and five photonsusing Gammasphere]l Thesemeasure-
mentstest QuantumElectrodynamicgalculationsat o’ and
a8, and test chage conjugationinvariance. Positronium
is producedin two states,'Sy para-positronium({p-Ps) and
33, ortho-positronium(o-Ps),which have eigervaluesof the
chage conjugationoperator(C) +1 and —1. Sincethe C
eigervalueof the photonis —1, thereis a C-invarianceselec-
tion rule for the numberof decayphotonsfrom eachstate:
p-Ps annihilatesto an even number while o-Psannihilates
to an odd number of photons. The probability for p-Ps
to decayto four photonshas a calculatedbranchingratio
Ry = 1.438821) x 1079[2], and the branchingratio for o-
Psto five photonsis calculatedo be Rs = 0.9591x 10-9[3].
The branchingratio Ry = I'(p-Ps— 4y) /T (p-Ps— 2y) where
[(4y) = I'o(4y) [1-145(6)a/m+ O (0?)], with the low-
est order rate ' o(4y) = 0.01389574)ma’. The branch-
ing ratio for five photondecayis Rs = I'(0-Ps— 5y)/I' (o-
Ps— 3y), with ['(5y) = I'.0(3y) [0.018911)a?], and the
three-photorlecayratel” o (3y) = 2/(9m) (@ — 9) ma®. This
yieldsT (5y) O o8 attree-level.

Positroniumwasproducedn Gammaspheresinga 10 puCi
68Gesourceencapsulateih athin plasticscintillator, andsur
roundedby silicon dioxideaerogel.Dataacquisitionwastrig-
geredby a positronpulsein the scintillator andtwo or more
“clean” hits in Gammaspherenodules. Of the 1.18 x 10%°
eventswritten to tape, 3.73 x 10° passedcuts as positron-
ium anninilation. Cutsweremadeon enegy andmomentum
sums,andtime coincidencebetweenmodule hits. Geomet-
ric cutson colinearity and coplanaritydiscriminatedagainst
backgrounds.

The detectionefficiency of Gammaspheréor 2, 3, 4, and
5-photondecaysvasfoundfrom GEANT-basedMonte-Carlo
simulations.Simulationsaccountedor theallowedkinematic
distribution of photonmomentain eachmode. The simula-
tion includedthe distribution of annihilationverticesinside
the 6 cm diameterPs source,deadand missingdetectorele-
mentsin Gammaspheregnd detectorenegy resolution. We
studiedcontributions from backgroundfour andfive-photon
eventsusing event mixing on raw datafrom two andthree-
photonevents. The main backgroundsrisefrom accidental
coincidencedetweendifferentdecayeventsin which some
of the photonswere Comptonscattered. We expected0.35
backgroundive-photoneventsand2.75four-photonevents.

Fromthetime distribution of theannihilationeventsin Fig-
urel, thepopulationsf o-Psandp-Pscanbeseparatedp-Ps
decayswith a meanlifetime of =~ 120 ps, (promptly with the
positrontrigger) while o-Pshada meanlifetime of ~ 112ns.
Measuredbranchingratios are summarizedn Tablel. Our

TABLE I: Errorsarestatistical systematic.

DecayMode 1o errorg 90%C.L. Limit
p-Ps— 4y 1.14+0.33+0.21x 1076 <1.92x10°6
0-Ps— 5y 1.67+0.99+0.37x 106 <6.4x10°6
0-Ps— 4y 20+1.0+£7.7x10°7 <3.7x10°6
p-Ps— 5y 0.3+0.3+1.3x10°7 <27x10°7

resultsagreewith QED predictionsfor allowedfour andfive-

photondecays.A previous measuremenf the (o-Ps— 5y)

decay[4] obsened a single event, with an expectedback-
groundof 0.4 events.Thedecaymodego-Ps— 4y) and(p-Ps
— 5y) would violate chage conjugationsymmetry and our
limits for thenon-eistenceof suchdecaysepresenamodest
improvementover previousmeasurements.
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FIG. 1: Psannihilationeventsasa functionof time afterthe 3 decay
(t = 0). Dashedinesareat +-20 ns. Five-photoncountshave been
offsetfor visibility.
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