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ABSTRACT

+ -+ - o+ - + -

A search for a scalar particle decayingtoee , u u , 7 7 oryywas done ine e
collisions between 39.79 to 45.22 GeV c.m. using the CELLO detector at PETRA. No evidence
for such new particle has been observed.

An event with 2 topologically isolated engrgetic muons of opposite charge and 2
hadronic jets has been observed. The masses of 4 4 , jet-jet or u + jet combination are
large, leading to an expected number for such events from known processes of the order of
10 . Non conventional sources are also discussed.
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Introduction

+ =

The e e interactions are a very appropriate tool for the search of new particles. A
search for a scalar boson was done with the CELLO detector. In addition, while looking for
isolated energetic muons, an unusual multihadronic event with 2 energetic muons was

observed.
Data and experimental set up.

The data were taken in 1983 with the CELLO detector at PETRA during a scan in energy

between 39.79 GeV and 45.22 GeV. The energy steps were 30 MeV in c.m. which is the energy
: . : . -1
resolution of PETRA and the total integrated luminosity was 8 pb .

CELLO [1] is a general purpose detector for e+e_ physics. Interleaved cylindrical
drift and proportional chambers, in a 13 kI' magnetic field produced by a thin
superconducting solenoid, measure charged particle morqenta over 92% of the solid angle
with a resolution of .013 ‘/'HPTZ . PT (pT in GeV/c). A lead-liquid Argon calorimeter
covering a solid angle of 86 % of 4n steradians gives an energy resolution of ¢(E)/E =
.13//5:- for electromagnetic showers. Large planar drift chambers mounted on a hadron

absorber of 80 cm thick iron ensure muon identification over 92 % of 4r steradians.
I - Search for scalar bosons.
1) Motivation

The observation at the CERN pp collider of radiative decays of the neutral vector
boson z° [2] with a rate higher than the one expected from the bremstrahlung process [3]
might have an explanation through composite models [4]. Among the different possible
mechanisms using composite objects, we concentrate on the transition via a scalar or/and

pseudoscalar boson.
z° —+ X7 , X —> ff_,'ry (1)

These spinless particles X would have to be in a parity doublet in order to conserve
the chiral symmetry and preserve composite fermions from acquiring a mass of order Mw z
’

[5].

+ - + -
The two Z — e e 7 events seen at the collider when 12 Z — e e events are observed
suggest :
+ -
r(z—Xy) .Br(X—e e ) =~ 15 MeV (2)



63

. : + - A
Because of the leptonic coupling, such objects could be produced in e e collisions.

Making use of VDM (vector dominance), I'(Z — Xy) can be expressed in terms of I'(X — 77)

[6].

=3
M
T 302 [ M_X_] - oy @
r(z » xy) 2 —MX MZ
and therefore (noting l"ii =X — ii))

el
I'R = T(Z » eey) = %Yy 4)

Oyme'x

where € = 1,2 depending on the number of spin O bosons contributing.

Since Br(X -+ yy) S 1. , equation (4) leads to the lower bound :

el r (5)

ce 2 Pypn TR

where = 6
Te=0yH, /2 (6)
ay, is the coupling constant of the interactions between constituents [6].

A systematic search for the spin 0 boson was carried on at CELLO in the channels :
+ - + -
ee —ee

(7)

+ =
ee — 7y
.- .- (8)
ee —uu (9)
+ - + -
ee — rrT (10)
2) Results

The presence of scalar particles will contribute to all these channels by adding
terms to the differential cross sections.

+ - + -
a) Ine e — e e , additional terms to those of the electroweak differential cross
section are due to the interference between the scalar and the vector boson as well as an

isotropic part purely due to the scalar boson [6,7].
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(ﬂ) o o€ Fee 2(s—Mx) 21‘ee an
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. 2 2 2.2
7 7.2 2.2 77 37 M) (e-Mpy Ty |
- - M -]
I (CE o R s vl [ Vo RtV
where fs_ = center of mass energy, t = - ; (1-cos#), HX = the mass of the scalar boson. In
the formula, contributions from X-2° interference have been omitted since they are
negligible.

b) In the other channels, only an isotopic term given by the usual Breit-Wigner has to
be added:

s €Il T
do) _ __euL
(dQ)YY (}'52( ) [(S'}'s() 1“5{ a2

or

ee ff

;;— [(s-—M}ZK) Mxl"zl

)el“r‘

40
L = (13)
( daQ F

We have first assumed that the scalar boson mass lies between 39.79 and 45.22 Gev/c2
and searched for a resonant state. In the e+e_ sample, a cut at cosf < 0 was made to
increase the sensitivity to a spin O boson and this cut was set at |coso| < .65 in the 7y
sample. For a total boson width smaller than the c.m. energy spread of PETRA, the
experimental cross section is folded with the energy resolution function. No significant
structure is observed in our data (fig.1) and the limits at 95% CL (confidence level) are
listed in table 1.
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CELLO MARK J
ereeBr(x—»ee) < 9.9 keV
el‘eeBr(x = uu) < 5.6 keV < 4.5 keV
el"eeBr(x—-P TT) < 7.0 keV
el Br(x—- qq) <8.1keV (prel) ; <8.7 keV
el Br(X— 77) < 2.6 keV < 3.7 keV
ee
Table 1

For MX in the range of energies covered by the scan, one gets el"eeBr(X - y7) 21 MeV

from equation (5). Such a value is clearly excluded from our results.

Assuming a broad resonance I‘XHX >> s-M, 2 , one can derive limits in the same way (table

X
2).

limit at 95% CL

e, Br(x — ete) <3.910°° Ty
T Br(X — u'u) <3.010°° Ty
T, Br(X -+ 1'1) <6.510°° Iy
-6
el"ee Br(x — 77) < 2.2 10 I’X

Table 2

A resonance a few GeV broad is therefore excluded.

In case the mass of the scalar boson is greater than 45.22 Gev/cz, a contribution in
the channels discussed previously is still expected by the exchange of a virtual spin 0
boson. Fig.2 shows the limit obtained on the boson's partial widths using only the

integrated cross sections.

However, better 1limits are achieved with the differential cross sections for
reaction (7) and (8) as shown in fig.3 for e+e— - e+e- (dashed line). In addition using
equation (6) and assuming universality (l‘X = 1BI‘ee + F'Y'I) , an allowed region of e, can be
defined according to the mass of the scalar boson and for different values of the
radiative width I‘R (fig.3). Taking I‘R =15 Mev,. one is left with a narrow allowed region

with our present data (shaded area in fig.3).



66

II - Observation of a multihadronic event with 2 isolated energetic muons of opposite

charge

A search for multihadronic events with isolated muons in our data at the highest
energies (43.2 ~ 45.2 GeV c.m. corresponding to an integrated luminosity of 3.9 pb_l) has
led to the finding of an unusual event with 2 topologically isolated energetic muons and 2

energetic jets of hadrons at a c.m. energy of 43.45 GeV.

1) Event description

A view in the plane perpendicular to the beam axis is shown in Fig.4a. The 2 muons,
easily identified by the hits in the muon chambers, are very energetic (2 10 GeV/c) and
well separated from other charged and neutral particles. Table 3a summarizes the values

of muon and jet momenta.

{GeV) E P, py P, M
N 11.0 - 7.0 8.5 .5 .105
v 12.6 11.0 1.3 - 6.1 .105

jet 1 10.1 - 7.4 - 4.2 4.8 2.4

jet 2 9.1 6.7 - 3.5 - 2.0 4.7

Table 3a - Muon and jet four-vectors

The event has a remarkably low aplanarity of A = ~ .003. Fig.4b shows a momentum diagram

out|>

in the plane defined by the 2 muons. The average <PT> relative to that plane is <|PT
=~ 270 MeV/c. From Fig.4b, one can see that the event has the structure of 2 subsystems
each containing a high momentum muon back to back to a jet. The invariant masses for all

combinations u + jet are given in Table 3b.

Masses “+ W jet 1
(GeV)
jet 2 19.4 ¢+ 1.3 9.5 ¢+ .5 17.3 £ .3
jet 1 14.1 + 1.0 [22.2 ¢ 1.6

w 20.4 + 1.1

Table 3b -~ Invariant masses
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Sphericity and thrust values are respectively .36 and .86. The transverse momentum
of the u+ relative to the thrust axis is 7.2 GeV/c and the nearest particle is at cosomin =
.47. The corresponding values for the # are 4.2 GeV/c and cosemirl ~ .97. Since almost
all the c.m. energy is measured, we tried a 1-C fit accounting for the loss of a single
light particle. A satisfactory solution was found with the following momentum vector :

PX =-2.4%t 8 , PY =-1.1%1.2 , Pz =2.3%.5GeV/c.

2) Study of conventional di-muon sources
+ - —
a)ee —qq(q9)

We have estimated the contribution of the semileptonic decays of heavy quarks and
meson decays in flight as well as punch through and spurious association in the muon
chambers due to background in the chambers. This study was done using the LUND event
generator [8] where the Peterson fragmentation function [9] was used for heavy quarks and
the branching ratio c — uv“ + Xand b — uvu + X were set to .09 and 0.12 respectively.
Many checks on the multiplicities and prompt lepton momenta from B and D meson decays in
their rest frame were done by comparing the event generator with DELCO and CLEO results
[10]. Good agreement was also observed between the generator and our results [11] and
that of TASSO [12] on the transverse momenta of leptons relative to the thrust axis. The
expected number of events with 2 isolated energetic muons (P > 6 GeV/c) due to the

semi-leptonic decays are given in brackets in Table 4 for different cossemin values.

The charged multiplicities and momentum spectra of hadrons in the multihadronic
events were well reproduced by our Monte Carlo. The same agreement was found for the
cosomin distribution of energetic hadrons (P 2 4 GeV) at /— = 34 GeV where our statistics
is larger (fig.5). In the present data 22 events with isolated hadrons (P 2 4 GeV/c,
cosomin < .8) have been observed where 28 were expected according to the Monte Carlo. The
ability of the program, which propagates the hadrons through the lead-liquid argon
calorimeter and the hadron filter, to reproduce punch through correctly was checked by
comparing its results for different absorber thicknesses with measurements [13].
Accounting for all the sources mentioned in this paragraph, we find an expected number of
B.lo-4 events in which 2 energetic muons (p > 10 GeV/c) are isolated from any other
charged particles in a cone around their directions of 10 degrees. This number is still a
conservative estimate since one of the muons has the nearest charged particle at cosomin
= .47. Table 4 shows the number of events expected for different coseml

.. valuesandP > 6
n u
GeV/c.
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p > 6 GeV/c |cosomin < .98 cosémin < .9 | cosémin < .8} cosdmin < .5

cosemin < .98 | 2.7 107
(2. 107%)

cosomin < .9 | 1.6 107" 6.1107°

(1.3 107%) (5. 107%)
cosemin < .8 | 4. 10 1.810° <. 107"
(2.5 10°°) (1.6 107°) (<8. 107")
cosomin < .5 |<8. 107 <. 107" <8. 107" <8. 107"
(<8. 107") |(<8. 107%) (<8. 107"y | (<8. 107")
1
Table 4

+ - x x + - —
b)ee — vy —uuqq

Several types of diagram are contributing at the a.4 order as shown in fig.6(a,b,c),

each of which corresponds to 2 distinct graphs.

, , . + - + - . + -
The factorisation of the cross section e e — u u v up to a mass Huu ~ys/2intoe e
+ -
— 77* and 7' — u u (where 7' stands for a virtual photon of mass Muu) was found to be a
good approximation [14] of the exact calculation [15]. By applying the same method to

process (6a) and neglecting 6b,c we £find :

2
d30 a 2 R(M ~) do

(o) T o, (14)
aM dM — 8 3 o — aq
e Mg dcos v i qu dcosSY*

where da/dcos€7’ is the differential cross section for e+e_ e 7*7* accounting for off
shell photons. R(Méd) is the ratio of o(ee -» hadron) to o(ee — uu) at s = M;i' We have
checked the result of our approximation with the result of a recent calculation by Kleiss
[17] for ete” o u+u— e*P" using all graphs. At s = 30 GeV, for Muu' MP/ > 1 GeV/c and
45° < 9“, 9( <_;35 °, we obtain a cross section of (6.8 * .3) 10_3pb whereas Kleiss obtains
(8.2 + .5)10 “pb. Using expression (14) and a full MC simulation of qg jets, we have
estimated the expected number of events for Huu' Hqi > 5 GeV. (£fig.7). The probability to
observe one event of this process with uu and q masses equal or greater than the observed

ones is less than (3.2 % 1.0)10_4.
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c) Discussion on non-conventional di-muon sources.

a) New heavy quarks

The production of new heavy quarks could produce muons with high PT relative to the event
thrust axis. During our energy scan, no narrow resonance nor a step in R with AR = 1.3,
(where R is o(e+e- - qc})/a—(e+e_ - u+u_)) were observed. Therefore the production of a
charge 2/3 quark is ruled out. However the continuum production of a charge 1/3 quark is
not excluded though missing energy and momentum from neutrinos is expected to be greater

than observed.
B) Heavy charged new particles

Spin 0 Higgs-like charged particles Ht' couple preferentially to heavy fermions
(v_rr, cs, cb). When both I-li decay into quarks, isolated energetic muons are unlikely. One
isolated muon can be obtained when one of the Higgs particles decays into uf'r. However
substantial energy carried out by neutrinos should be missing. Furthermore the energy of
all charged particles excluding one of the u should be less than the beam energy. Since

this condition is not fulfilled, this possibility can be rejected.
- Similar arguments rule out the production of spin one half charged heavy leptons Li.

~ The event topology can be explained by the production of a pair of heavy muons u
decaying into u + hadrons. However, even with the assumption that the observed event is
produced at threshold, about 30 such events would be expected for center of mass energies
between 43.45 and 45.22 GeV using the cross section :

4M
o(e+e_ — u+*u-*) = ;—TT ﬂ(3—ﬂ2) with = (1 - su*)
s

+ -
Another possibility would be to produce one u* with ee — uu‘t for which

A

4 .
unconventional currents of the form % <I>u*o F)\vtbu [16] are needed (A is a scale

parameter with mass dimension and F)‘V = )\Au - x)A)\) .

The cross section for this process is :

16mal M2 M2
1 - _U*)Z (l + _._E.*_.)

o=
372 s s

with a scale parameter of the order of BOO GeV, one event is expected for a u* mass around

+ - : :
29 Gev/c2 as suggested by both 4 + hadrons or u + hadrons combinations.
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v) Heavy neutral particles
- The cross section for heavy neutrino production can be written :

2 4
ole’e v 5y =S 2N (34 6%) [1-4sin + esin®e ]

HH 2.2 W W
96T (s-MZ)

with G the fermi constant, HZ the Zo mass and Ow the Weinberg angle. A 20 GeV/c2 neutrino
pair produced has a cross section of 0.3 pb (i.e. 1.2 events are expected). In this case
there would be no severe constraint on the mixing angles (Ze IU(HIZ >9 J.o_9 for a lifetime
of 10-105 for the heavy neutrino). This is obtained by expressing the lifetime fH as a
function of the u lifetime f“, Hu and l&l the u and H masses, Br(w — eve) the branching
ratio of the virtual W to electron (= .1) and the element of the lepton mixing matrix :

= ru<&)5 Br(W — e») ~—;——2—

My Z, |Vpnl

However using a V-A coupling, the mass recoiling against the muon should have an

average value around MH/Z. The observed jet masses are substantially lower than this

value.

- Production of a pair of spin 0 heavy muonic neutrinos has been considered. The rate
would be small for a 20 Gev/c2 scalar neutrino, essentially because of the [13 threshold
behaviour (.12 event expected). It is also not clear that the observed event would fit in

the phenomenological framework describing the decay of these objects [17].

Conclusion

+ - + - 4 -
- No scalar boson decayingtoe e , u 4 , 7 7 , ¥y has been observed at CELLO in the
energy range between 39.79 and 45.22 GeV. A 50 GeV/c2 spin O particle can be ruled out

provided the coupling constant ay is greater than 1.5 10_4.

- We have found one multihadronic event with 2 isolated energetic muons. Both the
di-muon and the hadronic masses are large. We expect of the order of J.O_:'I events of this

kind from conventional sources.
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Fig. 1 - Ratio o(e e - 11l/o(e e — e e ) in the energy sgan from 39.79 GeV to
45.22 GeV. (|cose7| < .65 for e e — 4y and cosee >.0foree —ee).
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Fig. 2 - Upper limits at 95% CL for the product of the partial widths ereerii (ii=ee,

- o+ =
u+u , T T , 7y) as a function of the mass I{X of the spin O boson.
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Fig. 3 - Limits at 95% CL for the coupling constant aH as a function of the scalar boson

+ - + - + -
mass M_ from fits to the differential cross sections e e — e e (dashed line) ande e

— v (solid contours for different values of the radiative width I'_ = T'(Z — Xv) in MeV).
The hatched area shows the region allowed by the data for I‘R > 15 MeV and e = 1.
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Fig. 4 - a) Event view in the plane perpendicular to the beam axis.
b) Momentum diagram in the 4 4 plane, the track numbers are as specified in Fig.4a.
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Fig. 6 - Feynman graphs fore e — qqu u for order a -
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Fig. 7 - Number of expected events (xm::) for e*e” — q3 u*u” process within acceptance

and selection criteria as a function of 4 4 and qg masses estimated from diagrams in fig. 6.



