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Electron-positron interactions producing the final states e e e e .
+ - + - + - + _ + _ _ _
e e w y , e e r t and u u n ß have been studied ir. the CELLO detector

at PETRA. Results are presented or 10 events where the four particies

emerge at large angle ( > 23 ) with respect to the beam axis. Comparison

is iriade with QED predictions, and an indication is found fco: an ex:cess of

events where all l i. raasses (l=e,ii,r) are large.

INTRODUCTIOK

+ -
Four lepton final states fron e e interactions are examples of order

a 2ED processes. Most results so far originale from 2-pnoton interac-

tions where l(single-tag) or 2(no-tag) electrons are undetected anö are

at small angle 8 witn respect to the beare axis [l]. In these kinerriatic

regions, cross sections are doir.inated by the two multiperipheral

processes ( Fig.i a,t>).

Requiring t hat all leptons be emitted at large angle has a twofold

ir.terest. First, ir. this dcir.ain, virtual tremstrahl'jng processes (Fig.l c

for an example] are expected to be dominant and the proäuction of tvjo

virtual phctcns(Fig.l d) becorties :neasura£>le. Second, shouid high mass nev.-
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particles aecaying inte leptDriS be produced, er nev: CLrrer.cs De present,

an excess of events would appear acc-ve the QED predictior.. In tr.is spirit,

we were specially motivate- ty t_*ie peculiar event we have observed at a

c.m. energy cf 43.45 GeV, ir. which 2 isclated energeti" rr.ucns have Been

produced togetfcer wi*f. 2 jets [2] .

:n t.*us letter, we present tue results of a sesrch for 4 lepton events

in the CELLO detectcr at ehe PETRA collider.

The foliowing reactions r.ave been ccnsidered:

We compare the results obtaineä witfi ttie QED prediction, with special

attention to the events with high invariant masses cf lepton pairs with

zero leptonic Charge.

THE_ EXPERIMENT

Tne CELLO detector [3] provides good multiparticle event detection
and lepton identification.

Cylindrical wire chambers measure charged particle morcenta over 92% of

the solid angle. Ttie momentuir resolution is

in GeV/c ] using a constrained vertex.

^ )/F = 0.013 / 1+F (P

Page 2

tiertrcT.agnetic showers are meas^red in a lead-liquiö firgcr.

calorimeter cver S7̂  cf ~- steradians with an er.ergv resclution o(E) / E a

3.0-5 - C.1C / v'E.

The iruon deteotcr ccnsists of large planar wire chamüers raounted on a

tiadron afcscrber made cf 80 ~n thislt iron. Kuon identificaticn is possible

over S2% of *x steradians with wire chamBers with a spatial resclution cf

C.6 crr..

The data presented here have beer, coliected at. 3 fixed C.T.. energies of

14, 22 ans 54 GeV,and auring t.ie scan between 40 and 46.7 GeV. The

integrated luir.inosities respectively accumuiated during those 4 periods

are 1.0, 2.5, 1.1, ar,5 13.5 Pb . Fcur track events where at least one

nigh eriergy electron showers in the central calorimeter are efficiently

(nare ttian 96% l triggered by usj.ng neutral energy (typically 1.2 GeV) in

coincidence with a single-track trigger. At the 3 fixed energies,a

2-charged-particle trigger provided an efficient( > 59% } way of

collecting events with four tracks.

The events were obtainec during a search fcr isolated ieptons [2,4],

The selection criteria for the 4-lepton subsaraple are the foliowing:

- ttie 4 charged particles roust be in the region cäefineü ßy | cos(^) |

<.92 with a tnomenturr. above 0.3 GeV/c.

- at least one isclated lepton with momentuin above 1.5 GeV/c in the

angular region defined by cos(f) < .8" . The Isolation raeans that

tnere is no other cnarged particle emitted witnin a cone of 15 degrees

(half- angle) around the tracK considered,

- At least 3 identified leptons in tne event.

- any pair of charged particles of zero leptonic Charge must nave an

effektive mass above l GeV/c . This cut removes potential background frora

radiative events.

Identification criteria for leptons are the foliowing:

- an ider.tified electron must hit the barrei caloriraeter( { cos(0)

<.B~i] , have a moraentum p above l GeV/c, its shower energy E must be

consistent with p, the fraction of E measured in layers 2 and 3fbetweer.
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l

HOiDH1

hinin10ißo!

0
1minl*!•--t
H1

1ai !^• iQMO1Q"t1mINino

KÜ
.'

tso.,o"1II>.
UUl_,
JJiR01

n

t
lv

'

INOd
l

ar-1u,
oiQ• 

1
in.H1

01

Ißco'mINr-JIOm011

r
0)

in•H33OO0
!

mIN-HINr-r-a

l01
inCD(Dö
l

t0101INmlint-C
N

i

ÄOo£ ,

^
tII

K' •
U10tj3+J>LU

4
.01

-H0
1

Oom«J1•l

o

cyiior-iD•'1CU•-,ini,..• .
kßi

*-01

en• i

IN•t

IN1.-1

QU
l

ifl
. 1
mr
l1

01 
*-

f- a>
in

 r-
IN

 m
(N

 
C

D

O
i 

-H

-H
 
'J
'

O
 

c
n

IN
 o

IN cn
-H

 
Q

l

IM
 

10
1 

1
r- CD
in

 H
io
 m

C
.M

. 
e

n
e

rg
y

( 
G

ev 
)

4
0

.0 
- 4

6
.6

3
4

.0

2
2

.0

1
4

.0

T
O

T
A

L

In
te

g
ra

te
d

L
u

m
in

o
si-ty

( 
P

b
"

1)

1
3
.5

7
.7

2
.5

1
.0

E
x
p
ect.

1234123412312341?341
 

to
 
3

1
 

to
 4

PR
O

C
E

SS 
1

 
e
e
e
e

3 
U

PV
M

•1 
S

S
T

T

num
ber of 

ev
en

ts

1
.1

9
1

.4
2

^
.3

0

1
.1

1
1
.1

6
.0

7
^

.2
0

.4
9

.6
4

.0
4

.2
9

.3
6

.0
2

6
.0

5

3
.0

8
3

.5
6

.1
3

^
.6

6
6

.7
6

7
.3

2

O
bserved

 num
ber of 

ev
en

ts

121

' 210010001100r401910



3
°

S
S

in S
 S

 ™
m
 
^

 
y
 
7

£
3 pj 3

•* 
(n

 •* 
^

IN

CD
 
^

IO
 

tN

C
D

 
C

N

01
 

o
j 

01

f> m
 ui

^
i 

[N
 ̂

U
1
 
C

O
 
^

m
 

m
 

iß

">
 

._
, 

u
 

J3
O

l 
-H

 
_

j 
-H

to <r 
;>

 
o

0
3
 

• 
n
, 

0
1

^
 

H
 
^

 
ID

o, a



Fig. 2a
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