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Abstract. Results are presented of a search for pair prOduc;l'able 1. Expected cross-sections and sizes of the simulation samples used

tion of heavy objects decaying into four hadronic jets, as" ¢ 2"2Ys's

expected for example from associated or pair production oferocess 130 Gev 136 Gev
MSSM Higgs bosons, hAor HH—, using a data sample of  _ o#events o #events
5.9pb! of e*e~ collisions at/s = 130-136 GeV collected g@gr - %72 pg 337&? 3057 pt? 332%0
with the DELPHI detector at LEP in November 1995. The gy, © = 04pb 60 0Bpb 60
data and expectations from standard processes agree aftey 1330pb 10000 1480pb 10000
four-jet selections. An analysis based iBtagging finds no  Bhabha 2455pb 12500 2303pb 13600
hA candidate with high mass. A study optimized to searchhA (m; =m, = 55GeV/c?) 0.37pb 214 0.40pb 208

for H*H~events with mass in the 40-50 G&¥ range also ~ H'H™ (mp+ =my - = 4469\//02) 103pb 800 0.98pb  —
finds no candidate. Finally a comparison is made with at H (mm+ =my - =46GeV/c?) 0.83pb 800 0.82pb  —
recent ALEPH analysis which found an excess of four-jet

events with high multiplicity and high mass. Such a signal
is not observed in the DELPHI data, although a slight exces
in the mass region around 105 G&Y is seen.

éhe event selection, the jet reconstruction, and the mass mea-
surement. Section 4 presents the hAanalysis base# on
tagging. Section 5 details the search optimized fotHwith

a boson mass in the range 40-50 GéX/ Finally, the last
section describes an analysis made to check the excess re-
ported by theALEPH collaboration.

1 Introduction

2 The DELPHI detector and data samples
During the data taking dtEP in November 1995, events at
centre-of-mass energies of 130 and 136 GeV were recorded detailed description of th® ELPHI detector and its per-
by the DELPHI detector, with a total integrated luminosity formance can be found in references [4, 5]. The reconstruc-
of 5.9pb L. tion of four-jet events relies on the tracking detectors and
This allows a search for new physics at higher masscalorimeters.
in the four-jet channel, mainly the possible production in  The tracking detectors are the microvertex detectdpy,
pairs of the Higgs bosons, hAand'H~, predicted by the the inner detectoD), the time projection chambefT P C),
Minimal Supersymmetric extension of the Standard Modeland the outer detector in the barrel region, and the forward
(MSSM). chambers. ThédD and TPC cover the polar angles to the
For the hAchannel, given the high branching ratios of beam,f, between 20 and 160. Charged particles used in
these Higgs bosons to quarks (more than 90%bdp the  the analysis have a track length of at least 30 cm, a momen-
final topology expected consists of four hadronic jets andtum p above 100 MeYc measured with a relative error
no missing energy. Additional signatures are given byithe Ap/p less than one, and a distance of closest approach to
content of the jets and by the peak expected in the di-jet masthe primary vertex smaller than 4 cm in the plane perpen-
distribution. Previous limits frorDELPHI at LEP1 [1] dicular to the beam axis and 10 cm along the beam axis.

allow this hA search to be restrictedita, above 44 GeYc? The barrel and forward electromagnetic calorimeters,
for any value of the MSSM parameter tdnandmpa above  HPC and EMF, are used for the electromagnetic energy
39 GeV/c? for tans above 1. reconstruction, covering 43< 6 < 137, and 10 <

Four-jet events are also expected in theHHchannel 6 < 36.5°, 1435° < 6 < 170 respectively. The hadron
for low values of tam8, where the branching ratio for'H calorimeter, employed to measure the neutral hadronic en-
to cs is high. In this case, a constraint on the equality of ergy, covers polar angles down to°1id 6. Neutral clusters
the two masses can be applied to reduce the backgrounétept in the analysis have a minimum energy of 200 MeV .
Previous limits obtained bPELPHI at LEP1 [2] allow The rejection of radiative events makes use of3SAEC
this search to be limited to masses above 43.5 (G&V (small angle tile calorimeter), covering the regio6&® <

Additional interest in this type of event comes from 6 < 10.6°, 1694° < 0 < 17834°.
the excess of four-jet events with a sum of two di-jet = The probability of the presence of beauty hadrons in jets
masses around 105 Gg¥#, found by theALEPH collab- s given byb-tag algorithms, based on the use of the double-
oration [3] after cuts based on the mass and multiplicity ofsided microvertex detector [6], with a polar angle coverage
the jets. 48 < 0 < 136.

The next section summarises the features ofTii&l.- The data sample was collected ByELPHI at LEP
PHI detector relevant to this analysis. Section 3 describesluring November 1995. The integrated luminosities accu-



mulated were 2.92 pt# and 3.01 pb? at centre-of-mass en- 'able 2. Selection of four-jet events

ergies of 130.4 GeV and 136.3 GeV respectively. simulated
Detector effects on the analysis were studied uSit.- observed expected events signal

SIM [5], the full simulation program oDELPHI. Events events  (QCD +ZZ + WW) efficiency

were generated with theETSET 7.4 /PYTHIA 5.7 Par- , ,

ton Shower (PS) model [7] with parameters tunedidyL- hairomcde;egéséw/cz 1oL 1076 98%

PHI, and with theDYMU3 generator [8] (including double ~“"*"**

initial state radiation). The particles were followed through after anti-ISR cuts 672 653 5 94%

the detailed geometry ddELPHI giving simulated digiti- E, <20 GeV
sations in each detector. These data were processed with the0ur hadronic iets o5 o8 3 8106
same reconstruction and analysis programs as the real platé.m S 0'003(EURHAM)

A four-jet signal sample of hA events generated with
PYTHIA in which both h and A had masses equal t0 positive rescaling 64 62 2 75%

55 GeV/c? and zero widths was fully simulated, and also
samples of HH~ events withmyx = 44GeV/c?> and
46 GeV/c?.

The corresponding background processes are mainly For the preselection of events, thdJRHAM algorithm
QCD events, namely*e™ — gq events giving four jets was employed, with a low,,; value of 0.003 to minimize
after gluon radiationgggg andqqq’q’). A much smaller con-  the loss of signal efficiency. Events with less than four jets
tribution at these centre-of-mass energies is expected frorwere rejected, while those retained were forced to a four-jet
ZZ and WW events, and a marginal one from processes configuration by raising the.,; value. The jets were re-

or Bhabha events. quired to be hadronic-like by demanding at least two charged
Table 1 shows the expected cross-sections, and the statiparticles per jet and that at most 80% of their energy was
tics of simulated events employed in the analysis. electromagnetic (i.e. was measured in @ C, EMF or
STIC).
A total of 95 four-jet events were selected in the data,
3 Selection of four-jet events while 98 + 3 are expected from standard processes. The

efficiency for the four-jet signal at this level was 81%.
3.1 Preselection of events

The selection procedure is based on the expected signaturg:3 Mass measurement

non-radiative hadronic events with no missing energy and

giving four hadronic jets. The most direct signature for a pair of new heavy objects
Hadronic events were selected by requiring at least 10s the measurement of their masses, which relies on the jet

charged particles with momentum above 200 Me®nd  reconstruction. Since the jet directions are measured more

a total energy exceeding. 12 x E.ns. The total electro- precisely than their energies, a simple rescaling method is

magnetic energy of the event was required to be below 9@sed based on total energy and momentum conservation:

GeV, to reject a few remaining Bhabha events, and the to-

tal charged particle energy above 50 GeV, to eliminate the ZﬁiEi =0,
~~vbackground without affecting the signal.
Many of these events are radiativgy events, either Z E;=Eup,

with an initial state radiation (ISR) photon seen either in the

STIC or in the EMF, or with an undetected one aligned with E; = k; E;* and 3; = p{"/E;", where the suffixn de-

along the beam. In this last case the missing photon energgotes the measured values of the jet energy and momentum,
was computed from energy and momentum conservationandk; is the rescaling factor for jetand is determined from
after clustering the event into two jets and assuming a phototthe above equations, and has to be positive. This improves
collinear to the beam axis. Events with a photon of more tharthe mass measurements and also rejects some badly mea-
20 GeV, seen with an isolation angle of at least b5 else  sured events, and some residual radiative events, returning
invisible, were then rejected as radiative. negative rescaling factors.

A total of 672 events were selected in the data after these After this rescaling, 64 events were found in the data,
preliminary cuts, while 658 5 (stat. only) are expected from while 62 + 2 are expected. The efficiency for the hA signal
the background simulation. The efficiency of this selectionwas 75%. Table 2 summarises the preselection of the four-jet
for a four-jet signal is 94%. events.

The rescaling method gives its best resolution on the

sum of the di-jet masses)/M. There are three possible
3.2 Jet reconstruction combinations of di-jets, 12-34, 13-24, and 14-23. If the jets

are ordered in energy, 1 being the most energetic, simulation
The jet structure of the selected hadronic events was theshows that, for masses in the interesting range, the 12-34
studied with a clusterizing algorithm like URHAM [9] or combination is very unlikely and the best efficiency for a
JADE [10] (similar results were obtained with both algo- four-jet signal is obtained with the combination 13-24 or
rithms when applied to a four-jet signal). 14-23 giving the smallest di-jet mass differenck}/.



The resolutiono s, on the di-jet mass sum expected ]
for a four-jet signal withmy, = ma = 55 GeV/c? and zero 81 H +N° brios
widths, at 130 and 136 GeV, is around 1.9 Ge&¥. The 1 +
corresponding di-jet mass difference\/ is measured with ] ‘

a worse resolutiongay; = 7 GeV/c?. This behaviour > -+ +
results from the energy constraint applied in the rescaling 4050 60 70 8o 90 100 "tlo 120 130 1o
and the high value of the di-jet mass sum. IM (Gev/<)

Events / 5 GeV/c?
o)
Il
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4 Search for hA events usingb-tag

Events / 5 GeV/c?
[
Il

The MSSM predicts the associated production of the neutral ]
Higgs bosons, hA, both decaying predominantly té aair, 450 60 70 80
so giving abbbb final state in 83% of cases, with a cross-
section depending on the model parameters:

40

4, DELPHI Tight b—tag

1 2 2
OhA = 2 28 <1, W;h ,mSA > COSZ(Ozfﬁ) Ouirs

Events / 5 GeV/c?
N
Il

where « is the mixing angleg,; is the cross-section for R A A

e*e” — Z — v for one neutrino family ak = E2_, and M (Gev/c?)
A is the phase space factor: Fig. 1. hAanalysis: Distribution of the sum of the di-jet massea/ for
data, simulated background, and simulated signal (multiplied by a factor
Nz, y,2) = \/(x —y—2)2— dyz. four) for three levels ob-tagging.

At these centre-of-mass energies, this cross-section is . .
significant for the newly accessible mass range only iftan This event has a sum of di-jet masses equal to 66 GeV
is high: for example for taf = 20 andma = 55 GeV/c?, and a dlffere_nce of di-jet massezs of 22.6/62?[ So thg in-
oha = 0.4pb atEems = 136 GeV. In this case both Higgs terestl_ng regioniea > 40 GeV/c ) contains no c:_;\ndldate.
masses would be practically equal, and have a sizeable width_ This result can be translated into a 95% confidence level
(of the order of 0.6 GeV). (CL) upper limit on the cross-section of 1.3 pb, which gives
The search relied olvtagging techniques to suppress the N0 improvement with respect foEP 1. However, the com-
QCD, WW andZZ backgrounds. This-tagging is based b_|r_1e_d statistics of th(_e fourEP experiments could give sen-
on the impact parameters of charged particles measured u§ltivity to cross-sections of order 0.33 pb, corregp_ondlng to
ing the microvertex detectoM(D). The method [11] counts an exclusion limit at 95% CL ofna > 57 GeV/c” in the
offsets inr¢ andz, defined as charged particles with a mo- igh tang region of the {u4 , tanf) plane.
mentum of at least 0.5 Ge\¥?, at least twor¢ hits 1 and
onez hit (two for z offsets) associated in théD, and with
a positive lifetime-signed impact parameterinor » larger > Search for H'H™
than 2.5 times its error.

Two levels ofb-tag were applied to the events previously In e*ef interactiong, charged Higgs bosons are predicted to
selected. be pair-produced via-channel and Z exchanges. The tree-

level cross-section, which depends only.p-, is given by

— The looseb-tag requests five or more offsets in the eventthe following expression [12]:

(a cut employed to seledb events): 16 events passed

this cut, while 11 are expected according to the back-

ground simulation; the signal efficiency was still around oo = 4 Tt G2

70%. )
— The tighter cut requests 3 of the 4 jets to have at least [, _ 2Cy Cy, s(s — m3) N CE(CF +CF) 82

two offsets (either inr¢ or z). This cut_ was used to (s —m2)2+m2l2 (s—m2)2+mil2 ]’

suppress the main source of backgroustdg events.
. L . . Here o,+,- = 4ma2,/3s, fu = (1 — 4m%./s)Y? is

Figure 1 shows the mass distribution withéeiag, with 0 charged Higgs ebmo/son velocity, the resgalt/ad Z charges
loose lé—tag OIand \r/]v'lo'fhl_ﬂght_b—tagf for data, Zl_mulatefd ba_ck— are defined byCy = (1 — 4sirf 6w)/4sinfwcosbw, Ca =
ground, and an hA -like signal corresponding to four t'mes—1/4sin9Wcosew, andC’, = (~1+2sir? ),/ 2SiNfuCOSAu.

the DELPHI luminosity. In all expression is the electromagnetic coupling con-
After the tighter cut only one event was left in the data, pr Sitem - 9 piing
stant, 6y is the electroweak mixing angle, ands is the

while 1.3 are expected from the background simulation. The

. = o centre-of-mass energy.
signal efficiency was 46%. Taking account of radiative corrections (ie photon ra-

1 Relative to the beam direction,is measured longitudinally; radially, ~ diation and vertex corrections), the total cross-section is
andr¢ transversely. predicted to be 1.03pb fomy- = 44 GeV/c?, decreasing
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tion F used in the analysis. Therow indicates the cut applied. Thiots ) . .

(squares with error bars show the preselected hadronic (four-jet) data. TheFid- 3. €' — H'H™ analysis: Final cuts on the values of the recon-
histograms show the simulatedes — ff_(n'y) events (upper plot, with the structed H mass and of the minimal angle between any two jets once
four jet selection shaded) and signal events (lower plot). The signal event1€ir momenta have been changed by the kinematiBliitck starsare the
shown were generated withy+ = 44 GeV/c? and no width was given ~ S€ven events remaining before these chtapty circlesare the simulated

to the H' ; the distribution is plotted at the hadronic preselection level ~ €"€~ — ff(ny) events and thequare boxesiave areas proportional to the
number of signal events generated withy+ = 46 GeV/c?. The lines

indicate the final cuts

to 0.32pb formy- = 55GeV/c?. Such low values (com-
pared to the production cross-sections of other particles of
the MSSM, such as charginos) require a large integrated
luminosity to exclude a signal at the 95% confidence level.
With 5.9 pb !, one can expect to exclude only at the one
standard _deviation level, and only for masses lower than ") "o four-jet event with thé ADE algorithm;

2
50 (FB:eV/fh. " | ble d into™ .7, the eventhrust
or these masses the only possibie decays are \Mo_ - o0 | whered,,, is the polar angle of thepheric-

e rosommora o aaron e e 1 @S wich is sonly corelated o the pla an-
fermions ar):d to rfsqpuared CKM matri;(q element when the gle ¢* of the produced Mand enables us to exploit the

SO —_ fact that, for pair-produced scalars, the differential cross-
fermions are quarks. Therefore, the process-H r*v, is section is : S5

. . = . proportional to st* .
dominant among leptonic decays, andl H> csis dominant
among hadronic decays,"H— cbbeing suppressed by the The linear combination wag? = —0.136x 7 +116x.7 +
small value ofV;. Within the MSSM, the relative amount 1.37x|cos@,,)|. Figure 2 shows the distribution df for
of leptonic decays, compared to hadronic decays, is fixedeal and simulated data at the hadronic preselection level and
by the value of tam: for high values of this parameter at the four-jet selection level. The requiremdnt < 8.55
(tang > 5.0), the leptonic decay is dominant. In the presentkeeps a high signal efficiency while rejecting most of the
analysis, we assume that the two bosons decay into hadronsackground.
and search for a four-jet topology without missing energy. After applying this cut at the level of the four-jet selec-

In order to optimize the search, a linear functiéh  tion described in Sect. 3 (after rescaling), 11 events were se-
of measured shape and jet variables was built, followinglected in the real data, while 13+ 0.8 were expected from
the Fisher discriminant analysis method [13]. This func-simulated f(nv). The efficiency for the signal was found to
tion discriminated between a simulated charged Higgs bobe 37% (ny+ = 44 GeV/c? sample).
son signal sample with a mass of 44 Ge¥ (representing A kinematic fit was then applied [14], which constrained
the first class of population of variables), and a simulatedthe measured energies and angles of the jets to satisfy conser-
ff(ny)background sample (representing the second class ofation of total energy and momentum and equality between
population of variables). The events of these samples hathe invariant masses of the two chosen jet pairs, chosen as
to pass the hadronic preselection cuts described in the firgtescribed in section 3.3. Events were kept if the oveyall
paragraph of section 3.F was calculated by maximizing of the fit was lower than 25 (for the signal, before this cut,
the ratio of between-class variance to the within-class varithe y?> had a mean value of 10). With this cut, 7 events
ance. It was found to be a combination of the following were selected while expecting .80+ 0.8 from the simu-
variables: lated background.

Z, a variable defined as mjit&;) x min;,(ax), the
product of the energy of the least energetic jet (in GeV)
and the minimum opening angle between any two jets
(in radians): this measures the quality of the separation
between any pair of jets, once the event has been forced



DELPHI H+H- search Taple 4. Lis_t of events, indicating their centre-_of-mass energie;,_ the clus-
tering algorithm employed, and the sum and difference of the di-jet masses

é’ F ‘ ‘ ] (in GeV/c?) for the two interesting di-jet combinations. In bold, the mass
E 0o E E value selected (by taking the pairing with the smaller absolute di-jet mass
; r ] difference)
i 08 F B Vs algorithm  X’Miz o4 AMiz 24 X Mig 23 AMig 23
= F 1 130 JADE 104.9 27.3 98.1 —24.1
07 excluded at LEP1.3 . 130 JADE 120.5 5.8 64.0 -21
L 1 130 DURHAM 116.3 36.9 71.2 24.3
06 [ - 130 DURHAM 93.2 8.6 103.6 2.8
[ ] 136 DURHAM 120.4 18.4 124.5 6.6
05 J 136 DURHAM 106.5 38.2 106.5 115
136 DURHAM 100.8 38.5 87.0 32.7
oa [ B 136 JADE 97.9 30.2 102.7 —-0.1
[ ] 136 JADE 89.0 37.1 116.6 2.8
03 E \ B 136 DURHAM 115.2 54.2 83.9 11.3
F excluded at LEP1 1 136 JADE 96.2 31.7 103.7 25.9
i | — b 136 JADE 62.0 8.3 110.2 —41
0.2 — —
01 ] N§ ¢ — ‘ ® Dota
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48 50 52 54 56 o
Charged Higgs mass / GeV/c? 2
Fig. 4. e'e” — H*H™ analysis: Excluded regions in the [m % z
BR(H* — hadrons)] plane. On the left are represented the regions excluded
at LEP1 (with 70% CL, the kinematic limit was reached; with 95% CL, 11 & -4
DELPHI obtained the plotted curve). The upper region was rejected by the i@&§i§
present four-jets analysis 0 R ‘ ‘ NS
50 60 70 80 90 100 110 "~ 120
Table 3. Effects of the ALEPH:-like selection cuts z (Gev/c?)
observed expected events signal ‘“{ 4
events (QCD + ZZ + WW) efficiency >
four-jet events e , ;
with good rescaling 52 482 68% 5 hA s gna \I
Yeut > 0.003 (DURHAM) o
Of Yeur > 0.01 (JADE) % 27
Yeut > 0.008 (DURHAM) 25 2061 57%
Or yeut > 0.022(JADE)
min(M; ) > 225 GeV/c? 16 14.6£0.7 54% °%

¥ (Gev/c?)

Fig. 5. Distribution of sum of di-jet masse&'M for the selected com-
min(m}© + m7°°) > 9 GeV/c? 14 10.5:0.6 46%  pination after the ALEPH-like cuts for datalqty and expected standard

processeshiatchedhistogram). As reference, the corresponding distribution

for the simulated hA-like signal withn;, = m4 = 55GeV/c? and zero
min(ncpi + nowy) > 9 12 9.8:0.6 44%  width and for an arbitrary cross-section (4 pb) is shown below

— hadrons)] plane, and that only for masses lower than
Further cuts were applied on the value of the jet pair47.5GeV/c? (see Fig. 4).
invariant mass (the reconstructed tdass) and on the value
of the minimal angle between the fitted momenta of the
jets. This last variable can discriminate signal events from6 Analysis motivated by the ALEPH excess
background events where two jets resulting from the hadro-
nisation of a quark and of a radiated gluon are frequentlyThe ALEPH Collaboration has reported [3] an excess of
close to each other. The cuts used (see Fig.3) were fixetbur-jet events observed gtfs = 130— 136 GeV, with re-
in order to keep the best efficiency for two signal samples,spect to the standard model predictions.
with my- = 44 GeV/c? and 46 GeYc?. No events were se- Their analysis, originally oriented towards the hA search,
lected, while 24 + 0.4 were expected from the simulated starts with a four-jet topology selection similar to the one
ff(ny)sample. The final efficiency of the signal was found to applied inDELPHI, but with a higher value fog.,,:, 0.008.
be 29%. They also recover events which thieURHAM algorithm
The LEP1 result on the charged Higgs boson massreconstructs with less than four jets, using th&aDE al-
is not changed: only a one standard deviation exclusiorgorithm with ay.,: value of 0.022 to increase by 10% the
curve can be obtained from these results in thg:[lBR(H* final efficiency for a four-jet signal.
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Fig. 6. Distribution of the differenceAM = M;; — My, versus the sum  Fig. 7. Distribution of sum of di-jet masse&' M for the two interesting
XM of the di-jet masses for the selected pairiBdack dotscorrespond pairings in each event. Same conventions as in previous figures. Below,
to data,simple hatchingo the Monte Carlo simulation of the background, both distributions are combined in a single unidimensional plot (with two
andcrossed hatchingo a simulated hA -like signal. The lower plots show entries per event, one for each pairing)

the projections onto thel\M axis

No statistically significant peak structure is seen in the

Then three cuts are applied to reduce €D and four-  corresponding mass plot (Fig. 5), although more events than
fermion background, requiring large di-jet masses, large jeexpected have high mass values. Eight events are found with
masses and large multiplicities. The first cut requires thaimasses between 96 and 120 Ge¥/where 35 + 0.4 are
all di-jet masses exceed 25 G&Y; the second one that the expected, corresponding to a probability below 5%. Four
sum of the masses of the two lightest jets is larger tharevents are found in the mass range corresponding to the
10 GeV/c?; and the last one that the sum of their chargedexcess observed bALEPH (102-110 GeYc?) where
multiplicity is at least 10. 0.9+ 0.1 are expected.

This analysis has been adaptedX®&1.PHI, taking into Figure 6 shows the bi-dimensional plot of the difference
account the differences in tracking efficiency and in detec-of di-jet masses versus their sum for the chosen combination.
tor coverage. In particular, applying theLEPH analysis Due to the pairing problem, and since the masses of the
directly to DELPHI data does not suppress the radiativetwo heavy objects can be different, the second combination
returns sufficiently. Additional requirements on the electro-could sometimes be the right one. Figure 7 shows the bi-
magnetic energy of the jets (below 30 GeV in the barrel,dimensional plot of the sum of the di-jet masses for both
20 GeV in the forward region) and on the rescaling factorscombinations 13-24 and 14-23 and the projection of both
(less than 2.0 for the first and second jet, 2.5 for the thirdpairings. Good agreement is found between data and the
jet, 3.0 for the fourth jet) were therefore applied for this background simulation. The 102-110 G&¥ band contains
purpose. The three ALEPH cuts were then applied, relaxingpne event more than the single projection seen in Fig.5.
their values by 10% to maintain the same overall efficiencyThe corresponding plots for an hA-like signal are shown
for hA-like events. for comparison, and also the projection on to thé/ axis.

Table 3 shows the result of applying these three cuts to  Figure 8 shows the distribution of the polar angle of pro-
the four-jet events previously selected, and its effect on theduction for the hypothesis of production of a pair of heavy
simulation samples. Finally, 12 events are selected in th@bjects, each decaying into a di-jet, for the five possible can-
data while 98 + 0.6 are expected from standard processesdidates in the mass range 102-110 Gé¥/ together with
Using the 44% estimated efficiency for the hA -like signal, athe expected distribution from background. Also shown for
95% CL upper limit of 3.8 pb on the cross-section of a newcomparison is the sfi#* distribution corresponding to the
channel is derived. production of a pair of scalar particles.

Table 4 shows the sum of di-jet masses for the relevant Finally, any radiative return candidates that are still hid-
pairings (13-24 and 14-23). All events have been graphicallyden can be identified in principle by a recoil mass negs
scanned in detail, the four-jet structure and invariant masg$or the jet that originated from the radiated photon, which
values of these events have been confirmed, and no detectaould more probably also have a low polar angle. The recoil
problem has been found. mass is calculated from the centre-of-mass energy and the
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Fig. 8. Polar angle of production for a pair of back to back heavy ob- Fig. 9. Distribution of the recoil mass for each jet in the selected events
jects each decaying into a di-jet and giving a sum of di-jet masses in theversus its polar angleBlack dotscorrespond to candidate events. Four
102-110 GeYc? range in real datafifll circles), as expected from QCD  entries per event (i.e. one per jet) are shown. Radiative events returning to
backgroundfatched histograi and the sif9* distribution @ashed curve the Z are expected to have a jet with a recoil mass in the horizontal band
corresponding to production of a pair of scalar particles marked, and with low polar angl¢ dosé| above 0.8)
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