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particles decaying intc leptons be produced, or new currents be present,
an excess of events wpuld appear above the DED prediction. In this spirit,
we were specially motivated by the peculiar even: we have observed at a
C.m. energy cf 43.45 GeV, in which 2 isclated energetic muons have been
produced together with 2 jets [2] .

In this letter, we present the results of a search for 4 lepton events
in the CELLO detector at the PETRA coliider.

The following reactions have beer considered:
PR + - 4=
ee-—>eeece (1)
- - - - - e
ee -—>e e yuyp (2)
+ = + - . -
e e ——=>u upuy (3)

+

4+ = B o &
ee-—Deerr (4)

We compare the results obtained with the QED prediction, with special
attention to the events with high invariant masses of lepton pairs with

Zero leptonic charge.

THE EXPERIMENT

The CELLO detector [3] provides goog multiparticle event detection
and lepton identification.

Cylindrical wire chambers measure charged particle momenta over 92% of

the solid angle. The momentum resolution is z::(I»“t )/Ii’t =0.0:3y 1*Ft2 (Pt

in GeV/c) ueing a constrained vertex.
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7 steradians with an energy resclution ¢(E) / E =
C.025 + Q.10 / vE.

The mucn detector consists of large planar wire chambers mounted on a
hadron abscrber made cf 80 cm thick iron. Muon identificaticn is possible
over S2% of 47 steradians with wire chambers with a spatial resolution of
C.e cm.

The data presented here have beer collected at 3 fixed c.m. energies of
14, ZI and 34 GeV,and during the scan betweern 40 and 46.7 GeV. The
integrated luminosities respectively accumulated during those 4 periods

1

are 1.0, 2.5, 7.7, and i3.5 Pb —. Four track events where at least one
high energy electron showers in the central calorimeter are efficiently
(more than 96% ) trigcered by using neutral energy (typically 1.2 GeV) in
colncidence with a single-track trigger. At the 3 fixed energies,a
Z2-charged-particle trigger provided an efficient( > 99% ) way of
collecting events with four tracks.

The events were obtained during a search for isolated leptons [2,4].
The selection criteria for the 4-lepton subsample are the following:

— the 4 charged particles must be in the region defined by | cos(8) |
<.92 with a momentum above 0.3 GeV/c.

- at least one 1isolated lepton with momentum above 1.5 GeV/c in the
angular region defined by | cos(8) ] < .B7 . The isclation means that
there i1s no other charged particle emitted within a cone of 16 degrees
(half- angle) around the track considered.

- At least 3 identified leptons in the event.

— any pair of charged particles of zerc leptonic charge must have an
effective mass above 1 GeV/cz. This cut removes potential background from
radiative events.

Identification criteria for leptons are the following:

= an identified electron must hit the barrel calorimeter(| cos(¢) |
<.87) , have a momentum p above 1 GeV/c, its shower energy E must be

censistent with p, the fraction of E measured in layers 2 and 3(between
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apout 1 ané & radiation lengths at 8= 'EZ-: ) must be larger than 10%, and
the energy measured in the last layer (between 17 and 21 radiation lengths
3t 8 = _:c: ) must be smaller than 500 Mev, as expected for electromagnetic
snowers.

- an igentified muon must have a reconstructed track in the central
getector (| cos(8) | <.S2) , have a momentum p larger than 1.3 GeV/c in
order tc get througn the hadron filter, and have at least one associated
hit in the muon chambers. In addition, when it traverses the shower
counter, it$ energy depositlion must be consistent with that expected from
= minimum ionising particle.

These identification cuts are rather loose compared to criteria used
in other CELLC analyses, Dbut we use them in order to maximize detection
efficiency, since, as we shall see, we do not suffer from background
contamination.

since we are dealing with reactions where electrons are involved, we
accept events with cne neutral electromagnetic shower. The total number
of candidates is 10.

In the following stage of analysis,we separate candidates of reactions

1) to (3) £from those of reaction (4).

actl 1 H For the first 3 reactions,we require the
fourth charged particle,if not identified,to be consistent with conser-
vation of leptonic number from charged particles only, i.e. assuming
there is no leptonic charge carried out by neutrinos. Nine events are
kept. We then perform kinematic fitting, using 4(4C), 3(3C) and 1(1C)
constraints fits. The 3C fit considers a photon along the beam direction,
as expected from initial state radiation. The 1C fit handles any
radiative events with an undetected 7. We accept the 1C fit if the
missing photon direction is consistent within errors with the blind
regions of the calcrimetry. The € events give an acceptable kinematic
fit. Five belong to reaction (1), four to reaction (2) and none to

reaction (2).
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The main bAckgro
where both r's decay intc one charged particle, one of them beingan € or a
u. To study this contribution we used the Monte-Carloc calculation
described in the next section. However, since there are neutrinos
emitted in this reaction, the expected contamination 18 much less than 1
event.

Another potential background is the e+e-n*h_ final state, h being a
hadron. All 4 prong events containing an identified eie_ pair also
contain a third positively identified lepton. Therefore, the absence of
candidates for the e‘e_h*n- final state allows us to compute a 95% confi-
gence upper limit of 0.3 event for this contamination, taking into
account the probabilities for a hadron to be misidentified as a lepton
(typically 2% and 5% for e's and u's respectively for the momenta

considered).

b actions H The tenth event, collected at 46.45 GeV c.m.
energy, has 3 1dentified electrons. Its missing energy is 9@ GeV. The
fourth charged particle starts showering after 5 radiation lengthes,
which is unlikely for an electron(probability<3% ). We therefore
attribute this event to reacticn (4), where one r decays leptonically to
an electron(+undetected v's), the other decaying into a charged hadron

plus undetected neutral(s).

a)reactio i) to (3): QED calculations of 4 lepton final states
have peen initially done for 2-photon physics [5]. Recently, complete
calculaticns of all possible diagrams of order 4 have been made fcr
reactions (1) to (3), assuming vanishing lepton masses [6). our sample

contains also four events with a hard photon(above 1 GeV) in the vicinity
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cancellations [S]. Thus we have used the
lations to order 4 in which we have introduced cur acceptanc
efficiencies in crder to compute the expected number of events and dis-
tributions. Table 1 shows the results of tne comparison betweern the
observed number of events and the preciction.

Within the limited statistics, there is go0d agreement at this stage.

Events with large 1y (1=e,u) masses are of special interest sinze
this is the region where potential deviations frorm QED would be :the
largest. We have therefore looked at the 1 1 mass distribution in the

following way. For the 4 electron final state, we consider the smaliest of
- - -

the 4 possible combinations. For e e u 4 , we consider the smallest of

+

e e and u 4 combinaticons. In order to merge tne sets of data takern at
various energies, we scale the mass by Er' the beam energy and use the

variable X = M(117) / E_ [1¢

. Whenever there is a y close to one of the
leptons, it 1s taken inte account in the corresponding mass computation,
and we use X = M{1 1 ) / ‘Eb. Fig.Z a) shows the X distribution of our o
events, compared to the Monte-Carlec prediction. Althouch the low

statistics does not allow a precise compariscn with QED, there is some

of an excess at high mass values. Tc

mate the signif:cance
of this excess, we compare the number of evenszs observed above any ¥ value
with the Monte-Carlo prediction. From Pocisson statistics, we compute the

probabilicy F(X) for the observed number to exceed the prediction.
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event [2] we have observes

» Where the angle bestween the u 4 plane and the jet-jet pi

We now consider reactiocn (4).1n order to compute

the number of expected events, we use the calculation of reaction (2),
5

where we reduce the cross section by the factor p(3-8°)/2, f being the

+ =
velocity in the ¢ r system taken as the u u system.(This procedure is

partly Jjustified because the dominant graphs produce r palrs throuch a

(B, _.=85% | branching ratios in order tc get at least 3 leptons in 3
4-prong event. The additional acceptance reduction due tc the softening

\arged particle momentum spectrum as well as the angular smearing

the r are neglected. The predicted numbers are therefore
considered as upper limits, and are reported in table 1. In total, we
expect less than 0.7 event and observe 1. It is interesting to ncte that
the smallest 1";- mases for this event is 11.2 Ge‘.’/:: corresponding to an X

of 0.48(see tanie 2)[11].

There is no apparent explanation for the observed excess of high mass

events.




+ =
Electron-positron interactions going to the final states e e € e
+ -+ = N . <

and e e u u have been detected in the CELLO apparatus at PETRA. We have

observed @ events where the four particles emerge at large angle ( > 23c )

with respect to the beam axis. This number is consistent with the QED

prediction of €.8, although there is an indication for an experimental excess

for events,where large mass systems of zero leptonic charge are produced.
+ = + - . .
In adiition,an e e r r candidate is observed at ys= 45.45 GeV where

+
~he 1 1 masses are alsc large.
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emission from the integral of the photon spectrum
2, 72
1/0,.d0/3k = a/n.(1/%x-1+k/2).[Ln(g"/m, )-1]

where 00 and ¢ are the lowest order and radiatively corrected Cross sec-
. 2
tions respectively. ml ie the lepton mass and q the mass squared of the

. < 2 x . .
corresponding lepton pair. ¢ is ambiguous for reaction (1), but this
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ambiguity leade t©2 miner

deperdercz.
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1s attually a scaling variable =n QED, when all 12pton masses

are neglected.

11) If we add reactior (4) to the analysis ¢f the ¥ éistribucion, the
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the X definition for reaction (4), because there is no possibility toc know
whether e's and u's are directly produced or criginate from r decays.

Exact calculation would require a full simulation.

GURE CAPT S

Fig.l &) and b) Multiperipheral diagrams.

c) an example cf virtual bremstrahlung diagram

d) diagram for e'e” annihilation into two virtual photons.

Fig.2 a) distribution of X = M(1 1 ) / E_ for real everits and Q=D
prediction

b) variation of P(X)

S | y
F’H»Z)=expl-;)--21=n i / 1!, where n is the observed number of events

above ¥, and 1 is the expected number in the same region.

Fig.3) Event nb. 7 view in the plane perpendicular tc the beam axis.
Particles 1 and 3 are identified as muons in chambers of the central part

and of the doors of the detector respectively. Particle 2 is identified as
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an electror in the barrel liguid ardgen detector and particle 4 points

of the calcrimeter.
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List of events with their 4-vectors(Px,Py,Pz,E) and X values.

(the z axis 1s along the incident e direction)
Units are GeV and GeV/c.

Event number 1 ECM= 14.000 GeV ‘>:=O.41
£.27C 0.398 -0.402 0.627 (e )
4.854 2.061 -3.303 6.222¢¥F
-2.827 -0.560 2.088 3.5568e
-2.298 -1.900 1.77: 3.468¢€
0.000 0.0 -0.154 0.154 (7)

Event number 2 ECM= 14.000 GeV X=0.6€3
1,773 1.144 0.330 2.i36e
-0.008 -2.110 2.594 3.344ut
-3.211 1.985 1.276 3.9854 _
1.013 -0.582 -2.61E 2.867 (e )
0.437 -0.443 -1.579 1.697 (7)

Event number 3 ECM= 22.000 GeV X=0.48
-2.840 -1.081 -1.570 3.420e

4.049 1.244 0.076 4.236e_

3.724 0.628 6.163 7.228e %
-1.052 0.247 -1.988 2.263 (e )
-3.8856 -1.069 -2.687 4.844 7

Event number 4 ECM= 34.000 GeV_X=0.07
1.212 -9.563 2.951 10.08l e
-1.606 16.547 =-2.075 16.754 e
-0.114 -5.897 -0.664 5.935 u_+
0.525 -1.071 -0.201 1.2104

Event number 5 ECM= 34.000 GeV ¥=0.57
-1.510 -5.306 -7.490 9.302¢
-3.475 3.622 4.308 6.817e
0.715 7.212 -3.800 8.183 et
4.276 -5.524 ©.994 9.885e

Event number 6 ECM= 34.000 GeV X=0.18
1.084 -0.437 0.093 1.136e?
-3.508 -5.481 -1.399 6.709 e
-1.816 15.032 -2.242 15.306 €
0.757 -2.122 0.138 2.257e
3.618 -6.990 3.411 8.5767




et a) et

Event number 7 ECM= 41.080 GeV X=0.66 L
6.658 7.161 -0.720 11.260u ¥
-B.682 -5.495 3.543 10.87C € L+
-2.248 2.949 6.840 7.780 4 [
2.312 -2.472 -6.426 7.2€3 (e )
-0.035 -2.149 -3.246 3.893 (v) e~ o=
Event number 8 ECM= 43.020 GeV _¥=0.08

-7.064 1.753 -8.534 11.223 e

-0.828 4.936 -5.884 7.725e et b) ot
9.205 -5.461 16.695 20.126 et

-1.665 -0.188 -2.894 3.344 (e)

0.334 -0.145 0.501 0.520 7

Event number 9 ECM= 44.200 GeV X=0.52 =
0.131 5.764 1.022 5.8554 L
0.994 -3.898 -5.402 6.735u4F
-7.881 -3.687 -11.396 14.346
6.766 1.832 15.776 17.263 (e )

e” .
e
Event number 10 ECM= 46.450 GeV_ et c) et
14.212 0.434 4.417 14.88% ¢
=-3.339 -10.862 -1.043 ll.411_e+
1.403 4.413 -1.411 4.B4le Lt
-5.679 3.416 -1.526 6.901h¥ -
Notes: 1)For events 1 to 9, the fitted values are quoted, whereas for
event 10, the measured values are given.
2) For charged particles,the brackets mean that their nature is inferred ==
from lerton number conservation. For photons, the brackets mean that they e =
are not detected but deduced from a 1C or a 3C fit. e
+
e+ d) L
e
e
+
= L
e
=

FIG.1
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