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Abstract

The four jet topology is analysed in the ALEPH data taken between November 1995

and October 1997, at centre-of-mass energies ranging from 130 to 184 GeV. While an

unexpected accumulation of events with a dijet mass sum around 105 GeV/c2 had been

observed during the �rst run in 1995 at 130/136 GeV, corresponding to an integrated

luminosity of 5.7 pb�1, no signi�cant di�erences between data and standard model pre-

diction is seen, either in the high energy runs (81.1 pb�1 taken at centre-of-mass energies

from 161 to 184 GeV) or in the 7.1 pb�1 recorded during a new short run at 130/136 GeV

in 1997. We have found no other explanation for the earlier reported \four jet anomaly"

than a statistical uctuation.

(Submitted to Physics Letters)
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1 Introduction

With the data recorded by ALEPH in November 1995 at centre-of-mass energies of 130 and
136 GeV, corresponding to an integrated luminosity of 5.7 pb�1, 16 events were selected in the
four-jet topology while 7.4 events were expected from standard model processes. The events
were found to present an unexpected accumulation in the dijet mass sum spectrum around
105 GeV/c2 [1]: nine events were selected with a dijet mass sum in a mass interval corresponding
to �2� of the detector resolution, for the jet pairing with the smallest mass di�erence, while
0.7 were expected from standard model processes. These events were characterized in addition
by unusual parton dynamics and jet charges, and by a large dijet charge separation. The
signi�cance of these observations was reinforced by three events selected (with 1.0 expected)
with the dijet mass sum in the same mass window when the jet pairing with the second smallest
mass di�erence was considered instead. The dijet mass di�erence distribution of these 12 events
was found not to be compatible with pair production of equal mass particles.

Thorough systematic studies were carried out in Ref. [1] to check whether these anomalies
could be due to an underestimation of the cross-section for any of the standard processes,
or could be an artifact of the selection, the jet momentum rescaling procedure, the detector
geometry or unexpected detector e�ects. Complementary studies were performed during the
following years within a LEP working group created for the purpose of investigating possible
systematic di�erences in detector response and analysis methods among the four experiments.
Their results are summarized in Ref. [2]. No systematic bias was found in either the analysis
or the events themselves.

The corresponding distributions of the dijet mass sum for the jet combination with the
smallest and second smallest mass di�erence, of the smallest jet charge, of the dijet charge
separation and of the QCD matrix element squared are shown in Figs. 1a, 2a, 3a, 4a and 5a.
These distributions are obtained with a selection, adopted prior to any other data taking,
almost identical to that described in Ref. [1]. The only di�erence is that no use is made
of the JADE algorithm when the Durham one fails. All cuts and the rescaling procedure
were unchanged. The current selection is simpler and allowed an easier comparison between
experiments to be made [2]. The observations and the conclusions of Ref. [1], which stressed
the need for further statistics to decide whether the various anomalies were due to a conspiracy
of statistical uctuations or pointed to some kind of new physics, remained unchanged after
this simpli�cation. The observations and the conclusions of this letter, in which further data
are investigated, remain identical if the original selection is used instead.

2 Analysis of higher energy data

The same four jet analysis was repeated in 1996 and 1997 with data collected at centre-of-mass
energies ranging from 161 to 184 GeV, corresponding altogether to an integrated luminosity of
81.1 pb�1. At these higher energies, a new selection cut was included to reduce the contribution
of the e+e� !W+W� process. A good compromise between selection e�ciency (as determined
with simulated hA! b�bb�b) and W+W� rejection was achieved by requiring that, for the three
jet pairings ordered by increasing dijet mass di�erence, the dijet mass sum di�er from twice
the W mass

1



� by at least 10 GeV/c2 for the �rst combination, if the dijet mass di�erence is smaller than
15 GeV/c2;

� by at least 10 GeV/c2 for the second combination, if the dijet mass di�erence is smaller
than 30 GeV/c2;

� by at least 5 GeV/c2 for the third combination, if the dijet mass di�erence is smaller than
60 GeV/c2.

The last cut is only useful at 161 GeV and is therefore not applied at the higher energies.

A total of 116 events was observed, with 103 expected from standard model processes.
The distribution of the dijet mass sum is shown in Fig. 6a. (Here, and in the following unless
otherwise speci�ed, \dijet mass sum" stands for the jet pair combination with the smallest dijet
mass di�erence.) The origin of the binning of this distribution is de�ned by the 12 peak events
of the 1995 data, and the bin width corresponds to approximately twice the detector resolution
at these centre-of-mass energies, i.e., 4.8 GeV/c2. This distribution presents no signi�cant
deviations with respect to the theoretical prediction. In the �2� window around 105 GeV/c2,
15 events are observed with 9.3 events expected. The slight excess observed is entirely due to
the 161/172 GeV data: eight events out of a total of 21 were selected in this window, with
2.3 expected. The agreement is perfect in the 183 GeV data (seven events selected with 7.0
expected). The distribution of the dijet mass sum for the jet pair combination with the second
smallest dijet mass di�erence is shown in Fig. 6b. It is also seen to be in agreement with the
expectation.

The smallest jet charge and the dijet charge separation of these events were found to be
compatible with the standard model expectation. This is, in particular, true for the 161/172
GeV data in which the excess in the 105 GeV/c2 mass window is not supported by a deviation
in either of these two quantities. The charge estimators are shown in Fig. 7 as a function of
the dijet mass sum. While six out of the nine events observed in 1995 with their dijet mass
sum around 105 GeV/c2 had their smallest jet charge in excess of 0.12 or their dijet charge
separation in excess of 0.60, these fractions become 8% and 16%, respectively, for the higher
energy data, in agreement with expectation. Both criteria were simultaneously satis�ed by �ve
of the 1995 peak events, but only by 3% of the events selected at higher energies.

The distribution of the QCD matrix element squared, which quanti�es the parton dynamics,
was also found to be in agreement with the standard model prediction. It is, however, not a very
discriminating variable at these energies, due in particular to the presence of the e+e� !W+W�

process, more copiously produced than q�q events in the four jet topology.

3 Result of the new run at 130/136 GeV

Following the ALEPH observation in 1995, the other three LEP Collaborations, DELPHI, L3
and OPAL, developed selection procedures [3] very similar to that of ALEPH. Their measured
four jet rate during the 1995 run at 130/136 GeV was also high, although compatible within
statistics with standard predictions: a total of seven events with a dijet mass sum around
105 GeV/c2 was reported with 2.9 events expected, while no excess was observed [2] in the data
collected at 161/172 GeV (about 20 pb�1 per experiment). The origin of the e�ect at 130 and
136 GeV, new physics or statistical uctuation, therefore remained open.
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A new short run at these centre-of-mass energies was thus scheduled at LEP to settle the
problem. With an integrated luminosity of 7.1 pb�1, collected during one week in October
1997, equally shared between 130 and 136 GeV, a total of eight events was observed in ALEPH
after the four jet selection, with 9.2 expected from standard model processes. In the dijet
mass sum window around 105 GeV/c2, the only event observed is in agreement with the 0.9
events predicted. The corresponding dijet mass sum, charge and QCD matrix element squared
distributions are shown in Figs. 1b, 2b, 3b, 4b and 5b. No events were found in this run with
both a smallest jet charge in excess of 0.12 and a charge separation larger than 0.60.

All 1997 data were processed with an improved reconstruction program compared to the
version used in previous years and incorporating in particular an upgraded tracking algorithm.
Although the former version was shown in Ref. [1] not to create, with Z peak data, either
spurious accumulations in dijet mass spectra, or �ctitious deviations in charge or matrix element
squared distributions, the 1995 (at 130/136 GeV) and 1996 (at 161/172 GeV) data have all
been reprocessed with this new track reconstruction. The total numbers of events selected were
14 and 22, respectively, instead of the 16 and 21 originally found. At 130/136 GeV, 11 out of
the original 12 events were found again in the dijet mass sum window around 105 GeV/c2, of
which seven in the �rst jet pair combination, and four in the second. The same eight events as
in the original processing were found in this window at 161/172 GeV. The deviations seen in
the charge and QCD matrix element squared distributions were still observed.

4 Conclusion

In this letter, the result of further investigations of the unexpected accumulation of events
observed [1] in the four jet �nal state, at centre-of-mass energies of 130 and 136 GeV, has
been presented. In the analysis of larger statistics at higher centre-of-mass energies and of a
dedicated run at the original energies, the anomaly does not reappear.

We �nd no other explanation for the earlier reported e�ects than a statistical uctuation.
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Figure 1: Distributions of the dijet mass sum for the jet pair combination with the smallest
dijet mass di�erence in the data taken at centre-of-mass energies of 130/136 GeV (a) in 1995,
and (b) in 1997.
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Figure 5: Distributions of the QCD matrix element squared, for the parton ordering leading to
the highest value, vs the dijet mass sum in the data taken at centre-of-mass energies of 130/136
GeV (a) in 1995, and (b) in 1997.

7



0

5

10

15

20

75 100 125 150 175

Standard Processes

Data

161-184 GeV

ALEPH

(a)

ΣM (GeV/c2)

E
ve

nt
s 

pe
r 

4.
8 

G
eV

/c2

0

5

10

15

20

75 100 125 150 175

Standard Processes

Data

161-184 GeV

ALEPH

(b)

ΣM2 (GeV/c2)

E
ve

nt
s 

pe
r 

4.
8 

G
eV

/c2

Figure 6: Distributions of the dijet mass sum for the jet pair combination with the (a) smallest
and (b) second smallest dijet mass di�erence in the ALEPH data taken in 1996-1997 at centre-
of-mass energies from 161 to 184 GeV.
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Figure 7: Distributions of the smallest jet charge (a) and of the dijet charge separation for the
jet pair combination with the smallest dijet mass di�erence (b) vs the dijet mass sum in the
ALEPH data taken in 1996-1997 at centre-of-mass energies from 161 to 184 GeV.
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