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Abstract

The four-jet events collected by DELPHI during the special LEP run at centre-of-mass energies of 130 and 136 GeV in
1997 with an integrated luminosity of 5.9pb~?! are analysed. Their rate and the distributions of their di-jet masses, their
smallest jet charges, and their di-jet charge separations al agree well with Standard Model predictions. Thus the hypothesis
of pair production of a new particle with a sum of di-jet masses around 105GeV /c? is not supported. The combined result
of the four LEP collaborations refuting this hypothesis at over 99% confidence level is also given. © 1999 Published by

Elsevier Science B.V. All rights reserved.

1. Introduction

A specid run of LEP at centre-of-mass energies
of 130 and 136 GeV was performed in October 1997
in order to confirm or refute the hypothesis of pair
production of a new particle that had been suggested
by an excess of four-jet events with a sum of di-jet
masses around 105GeV /c? observed by the ALEPH
collaboration in a previous run in 1995 at the same
energies [1].

In those ALEPH data, corresponding to an inte-
grated luminosity of 5.7pb 1, 9 events were selected
with a sum of di-jet massesin the range 105 + 4 GeV
where only 0.7 events were expected from Standard

% 7
Z 6
2 5 a) ALEPH 1995
3 -
: 4 | N, =83
3 F Nobs=16
2
1
0

60
Sum of di-jet masses (GeV/cZ)

80 100 120 140

Model processes, see Fig. la. This sum of di-jet
masses is particularly sensitive to pair production of
new particles as it is measured with very good
precision after jet energy rescaling based on total
energy and momentum conservation. In addition, the
selected events appeared to be characterized by un-
usua parton content, indicated by large values of the
smallest jet charge and of the di-jet charge separa-
tion.

To check this, the other three LEP collaborations,
DELPHI[2], L3[3], and OPAL[4] (called ‘‘DLO’’
below) then performed similar ‘‘ ALEPH-like'’ anal-
yses. Together DLO saw 7 events in the same mass
bin (including 4 from DELPHI) where they expected

~ 20
&
~ 18 £
>
16 © b)DLO 1995
% 14
12 F N_=245
> .
°10 ¢ N:’;l:=33
8 L
6 L
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a — .k_“
ﬁ ms Em . e
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Sum of di-jet masses (GeV/cz)

Fig. 1. 1995 data: distributions of the sum of the di-jet masses for the pairing with the smallest di-jet mass difference after all selection cuts
for ALEPH data (a) and for DELPHI, L3 and OPAL data combined (b), labelled DLO. The shaded histograms show the data, the open ones

show the expectation from Standard Model processes.
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3.9 (1.0 from DELPHI), see Fig. 1b). This did not
confirm the effect, but also did not clearly exclude it.
Data taken at centre-of-mass energies of 161 and
172 GeV in 1996 showed a reduction of the effect in
ALEPH [5-7], and a complete agreement with the
expected background in the other detectors [3,4,6].

A LEP working group on four-jet events com-
pared these analyses [6]. It concluded that similar
efficiencies (= 40%) and mass resolutions (= 2 GeV,
but with large non-Gaussian tails) were expected in
al four detectors. No explanation of the apparent
discrepancy between the ALEPH and the DLO data
shown in Fig. 1 was found. The combined results of
the four experiments corresponded to a total lumi-
nosity of 21.9pb~ 1.

To confirm or refute the hypothesis of pair pro-
duction of anew particle, a dedicated run at 130—136
GeV was therefore proposed [5], and approved for a
total luminosity per experiment of 12 pb~!. The
event selection and analysis procedures to be applied
by the four collaborations were agreed in advance,
under the auspices of the LEP working group, as was
the criterion for possibly considering the hypothesis
refuted after only 6 pb~! per experiment had been
taken and analysed. The run was performed in Octo-
ber 1997. This letter briefly presents the results
obtained by DELPHI and aso includes, for com-
pleteness, the combined result obtained by the four
LEP collaborations.

2. Event selection and analysis

The event selection and analysis procedure used
by DELPHI was identica to that published previ-
ously [2,6], with the sole exception that only the
Durham jet algorithm was used. Additionally, these
data benefit from the improvements of the DELPHI
detector, upgraded for the LEP2 phase [8].

The integrated luminosities collected by DELPHI
in this run were 3.03pb ™! at a centre-of-mass energy
of 130GeV and 2.91pb~! at 136 GeV. Monte Carlo
samples with at least six times the expected number
of events have been used to estimate the Standard
Model backgrounds (mainly QCD events, mostly
gdgg, generated with JETSET /PY THIA[9)).

Table 1 shows the numbers of events found in the
1997 data and those expected from Standard Model
processes, after the different selection criteria: at
least four jets were found with the Durham cluster-
ing algorithm using a cut parameter vy, = 0.008,
with positive rescaling factors, and all jet pairs were
requested to have a di-jet invariant mass (M) of at
least 22.5GeV /c?, a minimum sum of jet masses
(mi*®+m*) of 9GeV /c?, and at least 9 charged
particles (Min(ngyy; + Ney ;) = 9).

Good agreement is observed between the data and
the expected backgrounds, and a high efficiency is
obtained for the reference signal corresponding to
the production of a pair of neutral Higgs bosons
predicted by the Minimal Supersymmetric extension
of the Standard Model (MSSM), h and A, with equal
masses of 55GeV /c? [2].

3. Event properties

3.1. Di-jet masses

After ordering the three possible pairings of the
four jets to form two di-jet systems by increasing
mass difference AM between the two di-jets, any
pair production of similar mass objects is expected to
be seen in the distribution of the sum of the di-jet
masses for the first pairing. Fig. 2 shows the corre-
sponding distribution: the data agree well with the
expectations from Standard Model processes. No

Table 1
Effects of the ALEPH-like selection cuts
Observed Expected events hA-signal
events (QCD + ZZ + WW) efficiency
Four-jet events 19 164+ 16 58%
min( M%) > 225GeV /c? 15 116+ 14 52%
min(m{® + mi*) > 9GeV /c? 1 83+12 44%
min(Ngy; + Nepj) = 9 11 80+11 43%
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Fig. 2. Distribution of the sum of the di-jet masses for the
combination with the smallest di-jet mass difference. The shaded
histogram shows the data taken in 1997 and the open one the
distribution expected from simulation of the Standard Model
processes.

mass interval contains a significant excess of events.
In particular, only one event is observed in the
interval 105 + 4GeV /c? for 0.8 expected.

3.2. Jet charges

The jet charge Q, used here is defined [1] as

N
PR
Qu= "% (1)
ZYi
i=1

where the sum extends over the N charged particles
of the jet, g, being the electric charge of particle i

0.2

0.18 | DELPHI
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0.2 F o el

60 80 100 120 140

Minimal jet charge

Sum of di-jet masses (GeV/cz)

Fig. 3. Smallest jet charge Q,,, versus the sum of di-jet masses
for 1995 (black dots) and 1997 (white dots) data. The mass region
of interest is indicated by the vertical lines.
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Fig. 4. Di-jet charge separation AQ versus the sum of di-jet
masses for 1995 (black dots) and 1997 (white dots) data. The
mass region of interest is indicated by the vertical lines.

and vy, its rapidity with respect to the jet axis. In
QCD four-jet events, the smallest of the absolute
values of the four jet charges,

Qnin = Min( Q1. Qe[| Qsl| Qul) (2

should often arise from a gluon jet, and thus reflect
the zero electric charge of the gluon. Fig. 3 plots
Quin against the sum of di-jet masses for the first
combination in the event, including also the data
from the 1995 run at 130-136 GeV. No anomaly is
observed in the interesting mass region. In particular
there is no clustering of events with Q;,, above 0.1.

The di-jet charge separation AQ used here is
defined [1] as the absolute difference in summed jet
charge between the first and second di-jet

AQ=(Q,+Q,) —(Q+ Q)| (3)

Fig. 4 plots this di-jet charge separation versus the
sum of di-jet masses. Again no anomaly is observed
in the mass region around 105GeV /c2. In particular
there is no deficit of events with AQ below 0.3 and
no excess of events with AQ above 0.6 or 0.9.

Table 2

Numbers of events selected at higher energies. The numbers of
events in the interesting mass region (105+ 20y, GeV /c?) are
given in parentheses

Centre-of-mass Integrated Data Expected
energy luminosity events events

161GeV 9.9pb~? 12(2) 10.8(1.8)
172GeV 10.0pb~1 15(1) 14.3(2.4)
183GeV 54.0pb~ 1! 73 (5) 77.0(8.2)




318 P. Abreu et al. / Physics Letters B 448 (1999) 311-319

4. Check at higher energies

The same analysis was repeated using the data
collected during 1996 and 1997 at centre-of-mass
energies from 161GeV to 183GeV, but including
another ALEPH-like cut [7] to select against the
copious WW background: an event was rejected if it
had a di-jet combination with masses close to a WW
configuration (i.e., if the di-jet mass difference was
below 15GeV /c? for the first combination or below
30GeV /c? for the second one, and the correspond-
ing sum of di-jet masses was within 10GeV /c? of
2M,,). Again no anomaly was found. Table 2 shows
the numbers of events expected and found in total
and in a mass window around 105GeV /c? of twice
the estimated mass resolution (i.e., of +4GeV /c? at
161 GeV, +5.6GeV /c?> at 172 GeV, and
+6GeV /c? at 183GeV).

5. Combined data of the four LEP collaborations

The results [7,10,11] of the short run in 1997
obtained by the four LEP collaborations, using the
analysis procedures (essentially the same as in 1995)
that had been agreed before the data were taken, are
shown combined in Fig. 5. The total integrated lumi-
nosity was 26 pb~?, equally shared between 130 and

20
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Fig. 5. 1997 data: distributions of the sum of the di-jet masses for
the pairing with the smallest mass difference after al selection
cuts for ALEPH, DELPHI, L3 and OPAL combined. The shaded
histogram shows the data, the open one shows the expectation
from Standard Model processes.

136 GeV (as in 1995). The excess seen in the 1995
data is not reproduced: both the total number of
events (35 observed for 37.2 expected) and the num-
ber of events in the mass interval 105 + 4GeV /c?
(5 events observed for 4.1 expected) agree well with
the Standard Model expectations.

It had been agreed to stop the run after an average
of 6pb~! per experiment had been taken and anal-
ysed if by then a new physics signal corresponding
to 12 events in that mass interval in the 1995 data
(i.e., one standard deviation less than the number
actually observed in 1995) had aready been ex-
cluded at more than 99% confidence level, i.e, if 5
events or less had been observed in that mass inter-
val. The run was therefore stopped.

6. Conclusions

The data collected by the DELPHI detector in
October 1997 at centre-of-mass energies of 130 GeV
and 136 GeV, corresponding to a total integrated
luminosity of 5.94pb 1, have been analysed to look
for an anomaly in the production of four-jet events.
Good agreement with the predictions of the Standard
Model was found. The sum of di-jet invariant masses,
the di-jet charge separations, and the smallest jet
charges in the events were all fully compatible with
expectations from Standard Model processes. In par-
ticular, no accumulation around 105GeV /c? in the
sum of di-jet masses was found, with one event
observed in the mass interval 105+ 4GeV /c? for
0.8 expected.

The results are compatible with the previous
DELPHI results [2] and do not support the excess of
four-jet events observed in 1995 by the ALEPH
collaboration [1].

According to the criteria agreed before the data
were taken, the combined LEP data from this 1997
run refuted the hypothesis that the excess was a sign
of new physics at over 99% confidence level.

Acknowledgements

We are greatly indebted to our technical collabo-
rators, to the members of the CERN-SL Division for



P. Abreu et al. / Physics Letters B 448 (1999) 311-319 319

the excellent performance of the LEP collider, in
particular for the short and successful run at 130 and
136 GeV in 1997, and to the funding agencies for
their support in building and operating the DELPHI
detector. We acknowledge in particular the support
of Austrian Federal Ministry of Science and Traffics,
GZ 616.364/2-111 /2a/98; FNRS-FWO, Belgium,
FINEP, CNPg, CAPES, FUJB and FAPERJ, Brazil;
Czech Ministry of Industry and Trade, GA CR
202/96,/0450 and GA AVCR A1010521, Danish
Natural Research Council; Commission of the Euro-
pean Communities (DG XI1); Direction des Sciences
de la Matiere, CEA, France; Bundesministerium fur
Bildung, Wissenschaft, Forschung und Technologie,
Germany’ General Secretariat for Research and
Technology, Greece; National Science Foundation
(NWO) and Foundation for Research on Matter
(FOM), The Netherlands, Norwegian Research
Council; State Committee for Scientific Research,
Poland, 2P03B06015, 2P03B03311 and
SPUB /P03 /178 /98; JNICT—Junta Nacional de In-
vestigacdo Cientifica e Tecnologica, Portugal;
Vedecka grantova agentura MS SR, Slovakia, Nr.
95,/5195/134; Ministry of Science and Technology
of the Republic of Sovenia; CICYT, Spain,
AEN96-1661 and AEN96-1681; The Swedish Natu-
ral Science Research Council; Particle Physics and

Astronomy Research Council, UK; Department of
Energy, USA, DE-FG02—94ER40817.

References

[1] ALEPH Collaboration, D. Buskulic et a., Z. Phys. C 71
(1996) 179.

[2] DELPHI Collaboration, W. Adam et a., Z. Phys. C 73
(1996) 1.

[3] L3 Collaboration, M. Acciarri et al., Phys. Lett. B 411 (1997)
330.

[4] OPAL Collaboration, G. Alexander et a., Z. Phys. C 73
(1997) 201.

[5] ALEPH Collaboration, LEPC 97-7.

[6] Report of the LEP Working Group on four-jet production in
et e collisions at centre-of-mass energies of 130-172 GeV,
The LEP Working Group on Four Jets, M.A. Bizouard et a.,
CERN /OPEN-98-008, 13 June 1997.

[7] ALEPH Collaboration, R. Barate et al., Phys. Lett. B 420
(1998) 196.

[8] DELPHI Collaboration, P. Abreu et a., Nucl. Inst. and Meth.
A 378 (1996) 57; V. Chabaud et al., Nucl. Ingt. and Meth. A
368 (1996) 314; P. Chochula et a., Nucl. Ingt. and Meth. A
412 (1998) 304.

[9] PYTHIA 5.721 and JETSET 7.408 generators. T. Sjostrand,
Comp. Phys. Comm. 82 (1994) 74; LUTP 95-20.

[10] L3 Collaboration, M. Biasini et a., L3 Note 2205, December
1997.

[11] OPAL Collaboration, K. Ackerstaff et al., Phys. Lett. B 429
(1998) 399.



