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INVESTIGATION OF TWO PHOTON FINAL STATES IN ete~ ANNIHILATION AT (/s) = 34.2 GeV

CELLO Collaboration

H.-J. BEHREND, Ch. CHEN !, H. FENNER, U. GUMPEL, M.-J. SCHACHTER, V. SCHRODER, H.SINDT
Deutsches Elektronen-Synchrotron, DESY, Hamburg, Germany

G.D’AGOSTINI, W.-D. APEL, S. BANERJEE, J. BODENKAMP, J. ENGLER, G. FLUGGE, D.C. FRIES,
W. FUES, K. GAMERDINGER, G. HOPP, H. KUSTER, H. MULLER, H. RANDOLL,
G. SCHMIDT, H. SCHNEIDER

Kernforschungszentrum Karlsruhe and Universitit Karlsruhe, Germany

W. De BOER, G. BUSCHHORN, G. GRINDHAMMER, P. GRQSSE-WIESMANN, B. GUNDERSON,
C.KIESLING, R. KOTTHAUS, U. KRUSE 2, H. LIERL, D. LUERS, H. OBERLACK, P. SCHACHT
Max-Planck-Institut fiir Physik und Astrophysik, Miinchen, Germany

P. COLAS, A. CORDIER, M. DAVIER, D. FOURNIER, J.F. GRIVAZ, J. HAISSINSKI, V. JOURNE,
A.KLARSFELD, F. LAPLANCHE, U. MALLIK, J.-J. VEILLET

Laboratoire de I’Accélérateur Linéaire, Orsay, France

J.H. FIELD %, R. GEORGE, M. GOLDBERG, B. GROSSETETE, O. HAMON, F. KAPUSTA, F. KOVACS,
G. LONDON, L. POGGIOLI, M. RIVOAL

Laboratoire de la Physique Nucléaire et Hautes Energies, Université de Paris, France
and

R. ALEKSAN, J. BOUCHEZ, G. CARNESECCHI, G. COZZIKA, Y. DUCROS, A. GAIDOT,
Y.LAVAGNE, J. PAMELA, J.P. PANSART and F. PIERRE

Centre d'Etudes Nucléaires, Saclay, France

Received 23 December 1982

Two photon final states in e* ¢ "annihilation have been analyzed at CM energies around 34 GeV. Good agreement with
QED is observed. Lower limits for the QED cutoff parameters of A, > 59 GeV and A_> 44 GeV are determined, A search
for two photons with missing energy yields an upper limit for the production of neutral particles which decay into a photon
and a non-interacting particle. Constraints on the mass and the coupling strength of supersymmetric photinos are discussed.

The reaction e*e~ — yy provides an important test which — in contrast to lepton pair production — is not
of quantum electrodynamics (QED) in high energy affected at lowest order by weak interactions and ha-
ete~ reactions. It remains the only classical QED test dronic vacuum polarization [1]. Furthermore, in two

photon final states one can search for pair production
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using the CELLO detector at the e"e ™ storage ring
PETRA. CELLO is a large solid angle detector with a
solenoid spectrometer, electromagnetic calorimetry
and muon identification. It has been described in de-
tail elsewhere [2]; the liquid argon lead calorimeter
which is essential for this analysis will be briefly pre-
sented.

The central part of the calorimeter consists of 16
modules and covers the polar angle range {cos 0|
< 0.86. The end cap part comprises 4 modules and
covers the polar angle range 0.98 > jcos 8] > 0.92.
The calorimeter has a depth of 20 radiation lengths
with a fine lateral (~2 cm) and longitudinal (17 times)
segmentation. The mean radial distance from the beam
axis is 120 cm. An energy resolution of 13%/+/E and
an angular resolution of ~6 mrad in azimuth and ~10
mrad in polar angle is achieved. One of the 16 central
modules was not operating during the experiment.

Events used in this analysis were triggered by an en-
ergy deposition of greater than 2 GeV in each of two
modules separated by at least 45° in azimuth. The res-
olution for the calorimeter trigger energy is 0 ~ 20%
for 2 GeV electrons. The trigger efficiency has been
determined from Bhabha events and low energy elec-
trons from higher order QED processes for which inde-
pendent triggers from the track chambers and the calo-
rimeter are available; after acceptance cuts the trigger
efficiency is higher than 99%.

QED test. Corapared to a previously published re-
sult [3] on the QED reaction

ete™ > vy, ¢Y)

this analysis contains four times more events, the sys-
tematic error in the absolute normalization has been

reduced to 3%, and a tin shield around the beam pipe
which caused the conversion of at least one photon in
~1/3 of the events in the previous data was removed.

Events fulfilling the above trigger requirements
were processed by reconstruction programs for
charged particle tracks and electromagnetic showers.

The following selection criteria were applied:

(1) Total shower energy more than 1.3 and less
than 2.6 times beam energy Ey,.

(2) Number of reconstructed tracks less than two,
or equal two with an opening angle of less than 10°
(converted photons).

All events passing the cuts were scanned visually.
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Bhabha events with hard photon radiation and an
opening angle between the two tracks of less than 10°
(0.9%) or with one track not reconstructed due to pro-
gram and chamber inefficiencies (21.9%) as well as re-
sidual cosmic events (11.1%) were removed,

For the remaining events we used the information
from the shower reconstruction and applied the follow-
ing additional cuts:

(3) At least two showers in the acceptance of the
calorimeter modules.
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Fig. 1. The acollinearity (a) and acoplanarity (b) distributions
for the reactions ee ~» yy(vy). The curves are the QED expecta-
tions up to order o3,
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Fig. 2. The differential cross section sdo/d$2 for the reaction
ee — yy at {+/s) = 34.2 GeV. The curve is the QED expecta-
tion normalized to the Bhabha scattering process.

(4) Acollinearity between the two most energetic
showers less than 15°.

Efficiencies of trigger, selection, and shower recon-
struction were determined by a comparison with
Bhabha scattering events. A correction for events with
two converted photons was calculated from the
amount of material in the beam pipe and the inner de-
tector and was cross-checked with the number of
events with one converted photon.

Radiative corrections were applied using a Monte
Carlo generator {4} which includes corrections up to
order 3. Figs. 1a and 1b show the acollinearity and
acoplanarity distributions compared to the Monte
Carlo prediction if cut (4) is removed.

The differential cross section with respect to the
polar angle 6 shown in fig. 2. The sample contains

1050 events for an integrated Juminosity of 10.3 pb~—1.

The data were normalized relative to Bhabha scatter-
ing in the polar angular range 0.75 < cos § <0.85.

We obtain for the total cross section in the polar
angle range |cos 8] < 0.85 for reaction (1) at Vs
=342 GeV

0,,=178.1%55 (stat.) £ 5.3 (syst.) pb,
or in terms of the pointlike QED cross section

Oexp/OQED =0.962 £ 0.031 (stat.) + 0.030 (syst.).

PHYSICS LETTERS

24 March 1983

The systematic uncertainties are due to normaliza-
tion (1.8%), radiative corrections (1%), and efficiency
corrections (2.2%). They are added in quadrature.

For a quantitative comparison with possible QED
violations, one usually introduces form factors into
the differential cross section which are parametrized
by the cutoff parameter A [5}. Assuming an addition-
al heavy electron in the propagator, the differential
cross section will take the form

do _o? 1 +cos®f (

1+i2—sin2e) s=4E2
dQ s 1 cosp ' b

2A4

To fit the data of fig. 2 with this expression we take
A as free parameter and vary the normalization within
the systematic error of the total cross section. We ob-
tain the following lower limits for the cutoff parame-
ter:

A, >59GeV, A_ >44 GeV (95% CL),

A, =M /g can be regarded as the ratio of the mass
of a hypothetical heavy electron mediating the reac-
tion and its coupling constant g ¥!.

Search for new neutral particles (photinos). The
signature of two photons in the final state can also be
used to search for unstable neutral particles which de-
cay into a photon and another penetrating neutrino-
like object. Such particles are, for instance, predicted
as supersymmetric spin 1/2 partners [6] of the pho-
ton, called photinos (A, ). Ine”e™ annihilation, they
can be pair produced in the reaction (cf. fig. 3):

gte— 7\77_\7 ~ vy + missing energy. 2

Compared to the pair production of photons the
cross section for reaction (2) may be substantjally
suppressed due to the mass of the exchanged object
(a supersymmetric electron in the case of photinos).
Therefore, even if the new particles are light, they may
appear with detectable cross section only at high e¥e™
collision energies.

Depending on the mass of the photino m;,  the sig-
nature for reaction (2) will change from two collinear
photons with missing energy (m, =< Ey) to an aco-
planar photon pair. Only part of ﬁle data at /s = 34
GeV with an integrated luminosity of 7.1 pb —1 has

#1 gimilar results were obtained by other experiments (1].
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Fig. 3. (a) Decay of a massive photino into a photon and a
supersymmetric gravitino (or goldstino). (b) Electron—posi-
tron annihilation into a photino—antiphotino pair. The ex-
changed particle is a scalar electron,

been used to search for these particles,

The following cuts were applied:

(1) Two photons within the acceptance of the calo-
rimeter modules and with |cos 8 7‘ <0.825.

(2) No charged tracks.

(3) Restriction on the shower energies (x, =E,[Ep):

X, Xy, <0.5.

(4) Acollinearity angle between the two showers
less than 15° or:

(4") Acoplanarity angle greater than 10° for acollin-
earity angle greater than 15° and the missing momen-
tum vector pointing into the acceptance area of the
calorimeter.

In addition, obvious cosmic ray events which were
identified by the muon chambers and the direction of
the two showers in the argon calorimeter were re-
moved by a visual scan.

Cuts (3) and (4) suppress QED background from
the reaction ee = yy(y). Fig. 4 shows the correlation
between the two photon energies £, and £, if cut
(3) is not applied. No event candidate is observed.

The specific case of a supersymmetric photino is of
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stable neutral particles which decay into a photon. The
dotted-—-dashed line shows the trigger acceptance.

particular interest. If the photino is massive, it can de-
cay into a gravitino (or goldstino) Ag and a photon
Ay T Aty
with a lifetime [7}]
= 2)m3S
Tay = 8nd /m}\7 ,

where m, _ is the mass of the photino and d is a pa-
rameter characterizing the scale of the supersymmetry
breaking.

In e*e ™ interactions, photino pairs are produced
via the exchange of a scalar electron (fig. 3), and the
differential cross section reads [8] (for "y, <+/5)

Sig_=gff( (1 —cos 6)?
@ 16 [mge +35(1 — cos 0)] 2

+

(1 +cos §)2 )
[m,?e +%s(1 +cos 6)] 2 '

ms, and m; _ are the masses of the scalar electrons cor-
responding to the two helicity states of the electron.

In order to derive quantititave limits, even for
heavy photinos, we have used the following approxi-
mation for the threshold behaviour of the differential
cross section [9]
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do _ 1 200283 /b 2
R s(ZBM/mSe)(l +c0s840),

o

where ﬁM = lle/Eb. For simplicity we use mg,
= Mty
If the mass of the scalar electron is large compared
to the CM energy, the production cross section rises
~s. For a mass mg, =40 GeV, the cross section for
photino—antiphotino pair production rises from R
=0, 5./0,, ~ 1073 ats =100 GeV2 to R ~ 10~!

% MU
ats = IEOO GeV2. To be compared to R = 2.5 for the
reaction ee — vy in the polar angle range |cos 0|
< 0.825.

From the non-observation of a collinear photon
pair with missing energy we deduce a 95% CL upper
limit of 1.1 pb for the cross section for the pair pro-
duction of a light (m,_ <2 GeV) photino—antipho-
tino pair decaying insi:ie our detector 2.

The detectability depends on the mean pathlength,
therefore we essentially measure 7, /i, _. In fig. 5a
95% CL upper limits for 7, /m;\7 are shown for dif-
ferent photino masses versus the mass of the scalar
electron. Assuming a mass ms, =40 GeV, the lifetime
of a photino with a mass of 100 MeV must be greater
than 1010 5. Fig. 5b shows the constraints on the
mass of the photino and the scale parameter d which
we can derive with the assumption mg_ =40 GeV. For
fixed values of d, the observable number of events
rises rapidly with the photino mass, because of the
strong mass dependence of 7, _ ~ mi3. Ford = (100
GeV)? we exclude a photino in the mass range be-
tween ~100 MeV and ~13 GeV. The upper limit for
the photino mass is dominated by the lifetime limit
7/my. ~d2/m§ _,the lower limit by the kinematic
limit for the production oKy~ B3 . The lower limit
is quite insensitive to a variation in tﬁe assumed scalar
electron mass, as long as the rate limit is not achieved
(with the present statistics we are sensitive to scalar
electron masses less than 80 GeV). A change from my,
=40 GeV to 20 or 60 GeV will change the lower mass
limit by less than 20%.

Our experiment restricts the photino mass in a large
range of the parameter d and the scalar electron mass
my,, especially in the region which is interesting for
electroweak unification. From an experimental point
#2 A similar limit holds for massive unstable neutrino anti-

neutrino pair production, if the neutrino decays into a
photon and another neutrino.
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Fig. 5. (a) 95% CL lower limits on the lifetime to mass ratio of
a heavy photino versus the mass of a scalar electron. The ver-
tical line shows the limit for the scalar electron from ref. [10].
(b) 95% CL limits on the mass of a massive photino versus the
scale parameter d (mse =40 GeV). The cosmological bound is
discussed in refs. [7] and [11]. The limit from J/y decay is
taken from ref. [12].

of view, we can conclude that scalar electron searches
in the past probably were not affected by decaying
photinos [10].

Summary. In summary, we have measured the reac-
tion ee = vy at CM energies of ~34 GeV and have
found good agreement with quantum electrodynamics.
The total cross section in the angular range [cos 8|
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< 0.85 is determined to be Oexp = 0QED (0.962
+0.031 £ 0.030); lower limits for QED cutoff parame-
ters AT > 59 GeV and A~ > 44 GeV are derived.

We have searched for neutral particles, which subse-
quently decay into a photon and a non-observable par-
ticle. A massive supersymmetric photino with masses
of ~100 MeV to ~13 GeV is excluded over a large do-
main of scalar electron masses and symmetry breaking
scale parameter d.
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