A
07— 4347

IAEEE e

Low Mass Dimuon Production at the CERN Proton-Antiproton Collider.

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH

UAl Collaboration, CERN, Geneva, Switzeriand

Aachen! - Amsterdam (NIKHEF)? - Annecy (LAPP)3 - Birmingham#* - CERNS - Harvard®6 -
Helsinki” - Kiel8 - Imperial College, London? - Queen Mary College, London10 -
Madrid (CIEMAT)!! - MIT!2 - Padua!3 - Paris (College de France)!4 - RiversidelS - Rome 16 -
Rutherford Appleton Labl? - Saclay (CEN)18 - Victorial® - Vienna20 - WisconsinZ! Collaboration

C. Albajar3, M.G. Albrowl?, O.C. Allkofer8, A. Astburyl?, B. Aubert3, T. Axon?,
C. Baccil®, T. Bacon?, N. Bains4, J. R. Batley !0, G. BauerS, S. Beingessner!9, A. Bettinil3,
A. Bezaguet>, R. Bonino#, K. Bos2, E. Buckley®, G. Busetto!3, P. Catz3, P. Cennini5,
S. Centrol3, F. Ceradinil6, D.G. Charlton?, G. Ciapettil6, S, Cittolin3, D. Clarke!10,

D. Cline2!, C. Cochet18, J. Colas3, P. Colas!8, M. Corden?, J.A. Coughlan!7, G. Cox4,
D. Dau8, I.P. deBrion!8, M. DeGiorgil3, M. Della Negra, M. Demoulin’, D. Denegri3.18,
A. DiCiacciod:16, F.J. Diez Hedoll, L. Dobrzynskil4, J. DorenboschZ, J. D. Dowell4,

E. Duchovnid, K. Eggertl, E. Eisenhandlerl0, N. Ellis4, P. Erhardl, H. Faissnerl,

LF. Fensomel0, A. Ferrando!!, M. Fincke-Keeler19, P. Flynnl7, G. Fontaine4, J. Garvey4,
D. Geel5, S. GeerS, A. Geiserl, C. Ghesquierel4, P. Ghez3, C. Ghiglino3,

Y. Giraud-Heraud!4, A. Givernaud>!8, A. Gonidec’, H. Grassmannl, ] M. Gregory4,
W. Haynes!7, S.J. Haywood?, D.J. Holthuizen2, M. Ikedal5, W. Jank5, M. Jimack#,

G. Jorat, D. JoycelS, P.L.P. Kalmus10, V. Karimzki?, R. Keeler19, I. Kenyon?, A. Kernan!5,
A. Khan®, W. Kienzle5, R. Kinnunen?, M. Krammer20, J. Kroll6, D. Kryn!4, F. Lacaval®,
S. Lammel!, M. Landon!9, J.P. Lees3, R. Leuchs8, S. Levegriin8, S. Lil9, M. Lindgrenl5,
D. Linglin3, P. Lipa2?, E. Loccid, T. Markiewicz2!, C. Markou?, M. MarkytanZ20,
M.A. Marquinall, G. Maurin’, J.-P. Mendiburu!4, A. Meneguzzo!3, J. P. Merlo!3, T. Meyer?,
M.-N. Minard3, M. Mohammadi2!l, K. Morgan!5, H.-G. Moser!, A. Moulin!, B. Mours3,
Th. Muller?, L. Naumann3, P. Nedelecl4, A. Nisati16, A. Norton3, F. PaussS, C. Perault3,
E. Petrolol6, G, Piano Mortaril6, E. Pietarinen”, C. Pigot!8, M. Pimii7, A. Placcid,
J.-P. Porte’, M. Preischl8, E. Radermacherd, T. Redelberger!, H. Reithlerl, J.-P. Revoli2,
D. Robinson?, T. Rodrigol1, J. Rohiff, C. Rubbia3, G. Sajot!4, G. Salvinil6, JI. Sass,

D. Samynd, D. Schinzeld, M. SchréderS, A. Schwartz6, W. Scott!7, C. Seez9, T. P. Shah!7,
L Sheerl3, I. Siotis?, D. Smith13, R. Sobiel9, P. Sphicas!2, J. Strauss20, J. Streets?,

C. Stubenrauchl8, D. Summers21, K. Sumorokb, F. Szoncso20, C. Taol4, A. Taurok20,

I. ten Have2, S. Tether!2, G. Thompsonl0, E. Tscheslog!, J. Tuominiemi’,

W. van de Guchte2, A. van Dijk2, B. van Eijk2, J.P. Vialle3, L. Villasenor2!, T.S. Virdee?,

f W. von Schlippe0, J. Vranal4, V. Vuillemin5, K. Wacker!, G. Walzel20, A. Wildish?,

I. Wingerter3, S. J. WimpennyS, X. Wul2, C-E. WulzZ20 | T. Wyatt5, M. Yvert3,
C. Zaccardellil®, I. Zacharov2, N. Zaganidis!8, L. Zanello!6 and P. Zotto!3.

{ Submitted to Physics Letters B }




Abstract

We present a study of low mass dimuon events (m(puu) < 6 GeV/c?) from
the UA1 experiment at the CERN pp collider. Contributions from semilep-
tonic decays of heavy flavour particles, Drell-Yan type processes, J/1 decays
and leptonic decays of light mesons are extracted, and cross sections for high
pr beauty and Drell-Yan production are derived. A limit for the branching
fraction for the exotic decay B® — utu~ is also obtained. The cross section
for low mass, high pr Drell-Yan production is compared to the measured di-
rect photon cross section using a QED and QCD derived relationship. This
relationship is used to infer a measurement of the single photon cross section
at lower values of transverse momentum, where photons cannot be unambi-

guously identified.



1. Introduction

Dimuon events at the CERN pp collider can onginate from a large number of
processes, including Z°% T and J/v decays, Drell-Yan type processes, and semileptonic
decays of heavy flavour particles. Due to the minimum transverse momentum required
for muon identification in the UA1 detector (pr(p) 2 3 GeV/c in the central rapidity
region, where pr is meaéured with respect to the beam direction), two classes of events
can be naturally distinguished by their dimuon topology: |

(i) high mass, predominantly low py muon pairs, where the muons are emitted essen-
tially back-to-back in the transverse plane.
(ii) low mass, high pr muon pairs, where the muons are emitted in a non-back-to-back
configuration, or even parallel for very low masses.
From samples of high mass events we have obtained cross sections for Z°, beauty, and
high mass Drell-Yan production [1,2], and we found evidence for B°-B? mixing [3]. For
the complementary low mass dimuon sample discussed in this paper, we expect con-
tributions from heavy flavour production, J/# decays, leptonic decays of light mesons
(p,w,d,n,n), and from low mass, high pp virtual photon production. The latter can
proceed via processes of the type ¢4 — 4*¢g and ¢g — ~v*¢, v* — pp. We shall refer to
such processes globally as ’Drell-Yan’. J/¢ production alone has already been studied
in a separate analysis [4]. Here we study the contributions of all these processes to the
low mass dimuon data. Emphasis 1s placed on low mass, high pr Drell-Yan production
and its implications within the framework of QCD.

The theory of QCD has been tested at the collider in a number of processes,
including high pr jets [5], weak bosons [6] and direct photons [7]. In the high pr range
these processes are well understood and calculable. For Drell-Yan type processes, the
low pr range has been investigated in the case of weak bosons. The main feature
of the corresponding kinematical region, m? >» p2 (where m is the mass and pr the
transverse momentum of the intermediate boson), is that soft gluon emission dominates
and perturbation theory is no longer valid [8]. Here we consider the complementary
region, m(up)? < pr{up)?, by studying the production of low mass muon pairs. In
this region the Drell-Yan process is related to high pr direct photon production by
the electromagnetic coupling « multiplied by a factor that is essentially a measure of
the virtuality of the intermediate photon [9]. Applying this relationship to our low
mass Drell-Yan cross section we can extend the measured direct photon cross section

(7] down to lower transverse momentum values, i.e. below 17 GeV /c.



2. Data taking and event selection

The components of the UA1 detector and trigger used for dimuon studies, and the
selection procedure for dimuon events, are described in [2] and references therein. The
low mass dimuon data were recorded during two collider runs at /s = 630 GeV with a
total integrated luminosity of 552 nb~!. Events were selected if they contained at least
two muons with transverse momentum pp(p) > 3 GeV/c for each muon. A mass cut
m(pp) < 6 GeV/c? is applied to separate the two dimuon event classes discussed above.
The pseudo-rapidity range is restricted to In] $ 1.7 by the muon trigger acceptahce.
Requiring an inclusive single muon or dimuon trigger, a sample of 304 low mass dimuon
events is obtained. Except for some overlap with the special J/t sample discussed in
[4], this data sample is compiementary to the samples studied in our previous dimuon

publications [1,2,3].
3. Event topology

The simultaneous requirements of large transverse momentum (pr(r) > 3 GeV/c)
for each muon and a low dimuon mass (m(up) < 6 GeV/c?) imply a sizeable transverse
momentum of the dimuon system. For very low masses the steep rise in acceptance
above the pr(uu) threshold of about 6 GeV/c, shown in fig. 1, corresponds to an
effective cut on pr(up). This transverse momentum has to be balanced by hadronic
activity opposite to the muons in the transverse plane, irrespective of the specific
production process involved. On the other hand, the amount of hadronic energy emitted
in the muon direction depends on the production mechanism. In ref. [2] it was shown
that isolation of the muons is a powerful tool to distinguish between muons from heavy
flavour and from Drell-Yan processes. In this analysis, a slightly different isolation
criterion is used to account for the special topology of low mass muon pairs: If the two
muons originafe from the same parent (e.g. Drell-Yan, b cascade decays), the dimuon
direction should be used to determine isolation. On the other hand, if they originate
from different parents (e.g. semileptonic decays of two different b quarks), each muon
should be treated separately. Since the two cases cannot be distinguished on an event
by event basis, a combined criterion is used: A muon pair is classified as isolated, if

- ZEr(u) < 3 GeV for each muon and
- LEp(up) < 3 GeV for the dimuon system
where L E'p is defined as the scalar sum of the transverse energies measured in calorime-

ter cells in a cone of AR = /A¢? + An? < 0.7 around the direction of the muon or
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dimuon momentum vector; 7 is the pseudo-rapidity and ¢ is the azimuthal angle mea-
sured in radians.
Classifying the data sample of 304 events according to charge and isolation we find

the numbers quoted in table 1.
4, Background

The background sources for dimuon events are discussed in ref. [2] and the same
background calculation methods, based on the data, are applied here. The largest back-
ground contribution (49112 events) originates from kaon and pion decays in flight. The
contributions from noninteracting hadrons and from misassociation of central detec-
tor and muon chamber tracks are 343 and 5+5 events respectively. Background from
hadronic shower leakage and cosmic ray muons is found to be negligible. This yields a
total background of 57 + 14 events, where the error is systematic only. The breakdown

according to charge and isolation is shown in table 1.
5. Monte Carlo calculations

The Monte Carlo calculations described in this section are needed to determine
the shape of the expected mass and pr distributions, to fix the relative normalization
of various subprocesses, and to study the acceptance for the applied cuts.

The ISAJET Monte Carlo program [10] is used to obtain QCD-predictions for
heavy flavour production. The application of this program for muons from heavy
flavour processes has been extensively described in references [2] and [11]. Summing
over all the subprocesses listed in table 2 yields an absolute prediction of 103 events from
heavy flavour processes. The dominant contribution originates from cascade decays of
single b quarks (b — cpr,c¢ — suv), resulting in unlike sign dimuons with masses
around 2 GeV/c?. As in the case of high mass dimuon production [2], and despite its
higher production cross section, the contribution from c€ production is suppressed due
to the softer fragmentation of ¢ quarks. Like sign events can arise from first generation
b decays combined with B°-B° mixing, or from a second generation decay of one of
the b quarks. Since muons from heavy flavour decays are accompanied by hadronic
activity, they are expected to be nonisolated. Indeed, only 10 £ 5 % of the total heavy
flavour contribution is predicted to satisfy our isolation cuts.

To calculate the expectation for the contribution from the light meson decays
pw, ¢ — ptp~,w-— ptu~n°and n,n! = ptu~y, a minimum bias data sample (data
recorded with minimal trigger bias) is used. In these events, leading h1gh pr hadrons
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(mostly pions) are replaced by one of the listed mesons according to the following
assumption for the relative frequency of occurrence of those mesons as leading particles:
it iwidin=2:1:1:1/6:1/2:1/4 [12]. A pion to hadron ratio of
7% : h% = 0.58 [13) is used. Then the leptonic decay of the meson is simulated using the
branching ratios published by the particle data group [14] (typically 10~*). Only events
satisfying the dimuon selection cuts are kept. From this method a total contribution of
31+ 12 events is expected, clustering in the mass region below 1 GeV/c?. The fraction
of these events satisfying the isolation cuts is estimated from the minimum bias data
to be 13+ 9 %. .

To determine the properties of the expected Drell-Yan contribution, higher order
processes of the type ¢ + § — u*tu~ 4+ ¢ (q@ annihilation with gluon radiation) and
g+ ¢ - ptp~ + ¢ (Compton diagrams) are generated with ISAJET. The contribution
of the lowest order process ¢ + § — ptpu™ is negligible due to the low acceptance
for low dimuon pr. Applying the selection cuts and allowing for acceptance yields a
prediction of 24 events from those processes, the majority of which (76%) originate
from Compton type diagrams. Their mass spectrum peaks at very low masses, with a
long tail extending up to 6 GeV/c?. The shape of the generated pr(uu) distribution
agrees very well with the 2*¢ order QCD calculations of ref. [9]. In contrast to the
processes discussed previously, the muons from Drell-Yan processes are expected to
be isolated. From an analysis of the isolation of muons from W decays [2], we expect
80410 % of the Drell-Yan events to satisfy our isolation cuts; this fraction is confirmed
by the Monte Carlo predictions. Therefore, muon isolation can be used to discriminate

between Drell-Yan and other processes.
6. Heavy flavours and light mesons

We now turn to the interpretation of the data. The isolation properties and
the characteristic mass spectra of the different processes will be used to study their
respective contributions to the data sample. The contributions for all processes are
extracted simultaneously from a fit to the mass distributions for isolated, nonisolated
and all unlike sign dimuons, shown in fig. 2 [15]. The results of this fit are summarized
in table 3, and will be discussed individually for each process.

Bound ct states are most easily identified through their well-defined mass. In the
mass distribution for unlike sign events shown in fig. 2 a), a clear peak is seen at the
J/% mass of 3.1 GeV/c?. Fitting two Gaussians for the J/ and the %/ and treating

the other contributions as described in table 3 (column III) yields a J/+ contribution
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of 87 + 10 events and a contribution of 7 & 4 events for the 1/, in agreement with
expectations. Further details on these events are given in ref. [4].

Open heavy flavours (bb and c€) and light mesons should contribute mainly to
the subsample of nonisolated events. The light meson and background contributions
are known from independent calculations based on the data, and the nonisolated Drell-
Yan contribution is expected to be small. The number of dimuons from heavy flavour
processes could hence be estimated by simply subtracting these contributions from the
sample. A better estimate is obtained by performing a fit to the mass distribution for
nonisolated unlike sign events (fig. 2 b) and table 3, column I), using the appropriate
mass spectra as an additional constraint. To check the calculation for the light meson
contribution, this contribution is also included in the fit. The resulting light meson
contribution of 3148 events (table 3) is in good agreement with the absolute expectation
for this subsample (27 + 11 events), obtained from the minimum bias calculation.

From the same fit, a heavy flavour contribution of 48 + 11 events is obtained. As
can be seen from fig. 2 b, it is needed to fit the mass spectrum above 1.5 GeV/c?. Its
shape, which is dominated by the contribution from b cascade decays, is well deseribed
by the ISAJET prediction. A large fraction of these events is expected to result from
higher order processes (table 2). However, the lowest and higher order contributions
can not be distinguished in the mass spectrum in the dominant case of cascade decays,
where both muons originate from the same parent b quark.

Comparing the measured number of events with the absolute ISAJET prediction
for bb and c&, the prediction has to be scaled by a factor of 0.61+0.2 to explain the data.
Since the c¢€ contribution is small (table 2), we can apply this factor to the ISAJET
cross section for beauty production in the relevant transverse momentum range to

obtain a cross section for the production of high pyp single b quarks (including b):
o(pp —+ b+ X,pr(b) > 10 GeV/e, n(b)] < 1.5) = 0.7 £ 01514t & 0.45ys ub.

The systematic error includes the errors of integrated luminosity, background sub-
traction, and detector acceptance, and the uncertainties of the parametrization of the
fragmentation function and the decay branching ratios. Since the shapes of the pr(b)
distributions for lowest order and higher order processes generated by ISAJET differ
significantly in the low pr range, the calculation of this cross section from the data is
somewhat model dependent. However, in the high py range considered here, the sen-
sitivity to the ratio of lowest and higher order contributions is greatly reduced. Even
with the most extreme assumptions (100% lowest order or 100% higher orders) the

cross section derived from the data would change by less than 30%.
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Finally, the contribution from heavy flavour processes to the sample of 37 like
sign events (from B°-B°® mixing and second generation b decays) is consistent with

expectations, taking into account the large background fraction (table 1).
7. Limit for the decay B® — ptpu~

The large cross section for low pr bb pair production obtained ffom an earlier
analysis [2] (1.1£ 0.4 ub for lowest order processes with pr(b) > 5 GeV/c for both b’s
and |n(b)| < 2 ) allows us to search for rare B-meson decays with a clear signatﬁre. In
the case of dimuons, the channel B* — ptup~ is a natural candidate to be considered.
Such a decay is forbidden in the standard model, since it requires the presence of flavour
changing neutral currents. Using the measured bb cross section and normalizing to
the integrated luminosity of 552 nb™!, about 10° B-mesons with pp > 5 GeV/c are
expected from flavour creation processes alone (gg,qq — bb, including initial and final
state gluon radiation). Contributions from other higher order processes like gluon
splitting and flavour excitation are neglected. Of the 6 events in fig. 2 a) with m(uu)
between 4.8 and 6 GeV/c?, where contributions from this decay would be expected,
only one (with mass 5.39 & 0.15 GeV/c?) has pr(ug) > 5 GeV/c. Assuming that a b
quark picks up a light quark in the same way as a u quark, the measured K to 7 ratio
for leading particles [13] suggests a corresponding B2:BS ratio of 1:2. Using a B*:B?
ratio of 1:1, assuming a fraction of 10% baryons, and correcting for acceptance, we

then obtain the following limits on the branching ratio for B? decays into two muons:
Br(B° — ptp”) < 9x 1077 at 90% c.l., B9,B? not separated, and

Br(BS — utu™) < 1.4 x 107* at 90% c.l.
Br(B? — utu™) <3 x107* at 90% c.l.

The combined limit for Bf and BY is of the same order of magnitude as the limits
reported by the ARGUS and CLEQ collaborations [16], who are however sensitive only
to the B channel.



8. Drell-Yan

The Drell-Yan contribution is extracted from a fit to the mass distribution for
isolated unlike sign muon pairs (fig. 2 ¢)). The residual contributions from light mesons
and heavy flavours to this sample can be reliably extrapolated from the measured
contributions to the nonisolated sample, since the small fractions of isolated events are
known from the Monte Carlo and from other data samples. Using the shape of the
Drell-Yan mass distribution as generated by ISAJET and fitting a Gaussian for the
J/+¢, a Drell-Yan contribution of 36.2 + 5.8, events is obtained (table 3, column II).

This translates into cross sections for high pr, low mass Drell-Yan production:

oPY (pT(u,u) > 6 GeV/e, m{up) < 6 GeV/c?) = 1.3 £ 0.2,40¢ & 0.4, nb

and

dO'DY
dy

(pr(up) > 6 GeV/e, m(up) < 6 GeV/cz)l = 0.26 % 0.04,4¢ £ 0.08, nb.

The systematic error reflects the errors of integrated luminosity, background subtrac-
tion and acceptance correction. The acceptance is calculated using the ISAJET Monte
Carlo program including simulation of the detector and the muon trigger. Comparing
this cross section to the cross section predicted by ISAJET, the ISAJET prediction
must be scaled up by a factor of 1.9 4 0.6 to reproduce the data.

About half of the Drell-Yan contribution (15.6 £+ 1.6 events) lies in the mass region
below 600 MeV, where the signal to background ratio is particularly favorable (fig. 2

¢)). From these events, we obtain a differential cross section at m= 400 MeV/c? or

VT=m//s =6 x10"%

d*o nb
> 6GeV, =0.256+0.06 +0.06,,, —————.
dmdy (pT(ﬂru) € /C) m(uu)=0.440.2 GeV/e?, y=0 stat sys GeV/c2

The invariant cross section as a function of transverse momentum for isolated
Drell-Yan muon pairs with m(pp) < 2.5 GeV/c? is shown in fig. 3 and table 4. It
is corrected for the 20% loss of events that do not satisfy the isolation cuts because
of hadrons from the underlying event. The cut at 2.5 GeV/c? is chosen to eliminate
the J/4 contribution. All other contributions are subtracted using their individual pp-
distributions. A flat rapidity distribution within |y| < 1.7 is assumed. The measured
cross section is compared to the QCD-predictions for isolated Drell-Yan events from
Aurenche et al. {9], based on a calculation to second order in a;. Since those predictions

do not depend significantly on the choice of structure functions in the x range considered
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here (x 2 0.02, where X=pparton/Dproton), the good agreement, both in shape and
normalization, shows that the proton structure at low x-values is adequately described.

Since no other measurements of Drell-Yan production in this new kinematical
region (very low mass and high pr) are known to us, and extrapolation towards lower
transverse momenta is problematic from the theoretical point of view, it is difficult to
compare our measurement with results from other experiments at lower energies [17].
However, since we are in the kinematical region m(up)? < pr(up)?, the intermediate
virtual photon is “nearly real”, so that a comparison with direct photon production can
be made. In the case of isolated photons, the cross sections o7 for single photon and

P for low mass, high pr Drell-Yan production are related by the formula:

\ Em ~ % E“‘a‘g};—, where C = g;lnmz

min

2
/mm“ d*oPY d3c” o« , m2,..

m min

With mupin = 2my, and mmes = 2.5 GeV this gives a factor of C = a/1.91. The
invariant Drell-Yan cross section scaled according to this relation is compared to direct
photon data [7] and theoretical predictions [9] in fig. 4. The good agreement shows that
Drell-Yan muon pairs in this kinematical region can be effectively substituted for real
photons. This allows us to infer a measurement of the single photon spectrum at lower

values of transverse momentum, where photons cannot be unambiguously identified.
9. Conclusion

All significant contributions to the low mass dimuon sample (m(up) < 6 GeV/c?)
are analyzed, including J/+, heavy flavour, and light meson production, and production
of low mass, high pr Drell-Yan muon pairs. From the subsample of nonisolated events
we obtain a cross section for high pr single b quark production (including b) of
o{pp — b+ X,pr(b) > 10 GeV/e, n(b)| < 1.5) = 0.7 £ 0.1514: & 0.4, ub. An upper
limit for the branching fraction for the decay B° — utu~ of 9 x 1072 at 90% c.l. is
also obtained. For the Drell-Yan contribution, the cross section for a new kinematical

region d"dzy (pr(pp) > 6 GeV/e, m(up) < 6 GeV/c?) .= 0.26 £0.04,¢,; £0.08,,,1b
y:

is derived from the subsample of isolated events. The invariant cross section Ed%c/d%p

agrees well with QCD calculations and allows the extension of the measured single
photon cross section towards a lower pr range through replacement of the photon by

a low mass muon pair.
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Tables

Table 1 : Event classification according to charge and isolation

Classification of the low mass dimuon data (304 eventslg according to charge and
isolation. The number of background events expected for each subsample is also
indicated. Errors are systematic only.

nonisolated isolated total

unlike sign: data 174 93 267
background 271+ 7 11£5 3849

like sign: data 32 5 37
background 14 4 5+3 19+5

total: data 206 08 304
background 41+11 16+ 8 97 £ 14

Table 2: Expected heavy flavour contributions

Relative contributions from various heavy flavour subprocesses to the low mass
dimuon sample as predicted by ISAJET [10]. B°-B? mixing is included as measured
by UA1 [3]. The processes generated include the lowest order process of flavour cre-
ation (gg,qq — QQ), and the higher order processes of flavour excitation (gQ — gQ)

and gluon splitting (gg — gg, g — QQ).

contributions to unlike sign dimuon sample: %
bb, u’s from same b (b — cuv, ¢ — suv):
lowest order 26.1
higher orders 35.4
bb, #’s from different b’s:
lowest order (suppressed by dimuon pr requirement) 2.1
higher orders 21.5

cC, p's from different ¢’s:
all orders (suppressed by ¢ quark fragmentation) 3.6

contributions to like sign dimuon sample:
bb, g’s from different b’s:

bb, 2" generation decay of one b 5.1

B°-B° mixing 5.9
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Table 3 : Contributions to unlike sign dimuon sample

Number of events contributing to the sample of 267 unlike sign dimuon events
obtained from fits to the data using the expected shape of the mass distributions.

ontributions marked with an asterisk *) are normalized to the number of, events
observe iln tile nelk ‘ildbour?ng coalumns. The %ac?cgroung contributions are %xe to

the values expected from the background calculation. Errors are systematic only.

I II I11

process nonisolated isolated all
J/% and o7 58 + 12 36.8+ 5.8 94+ 11
bb/cc 48 + 11 5.3 +2.7% 53 + 12*)
Drell-Yan 9 4 4*) 36.2+ 5.8 45 + 9*)
p,w, ¢, m,nl 31+8 4.2 4 3.0% 35 4+ 9*)
background 2T+ 7 106 £ 5.4 38+9

Table 4 : Invariant cross section for high pr Drell-Yan production

Invariant cross section Ed%¢/d®p for production of low mass (m(uu) < 2.5 GeV)
high pr Drell-Yan muon pairs. A flat rapidity distribution is assumed for || < 1.7.
Errors are statistical only. A global systematic error of about 30% has to be added.

pr(fp) Ed’0/d®p, n=0
[GeV/c] [nb/GeV?]
range average
6- 8 6.75 (1.2+0.9) x 1073
89 8.35 (5.94£3.7) 10
9-10 9.47 (3.542.2) %10~
10-12 10.65 (9.1£6.1) %103
12-20 13.14 (1.3+£0.9)« 1075
20-40 30.75 (6.6 £6.6)*10~7
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Fig. 1

Fig. 2

b)

Fig. 3

Fig. 4

Figure captions

Acceptance for the transverse momentum cut of pr(u) > 3 GeV/c for each muon
as a function of dimuon pr for different masses of the dimuon system, assuming

isotropic two body decay of the parent particle and 100% detection efficiency for

the resulting muons.

Dimuon mass distributions:

Mass distribution for all unlike sign muon pairs (267 events). The J/+ 1/ and
background contributions are shown separately. The "other contributions” are
listed in table 3, column III.

Mass distribution for 174 nonisolated unlike sign muon pairs. Also shown are the
contributions from individual processes as listed in table 3, column L. In addition to
the processes explicitly mentioned, the curve "all processes” includes contributions

from J/1 decay and decays of p,w, ¢,n and n/.

Mass distribution for 93 isolated unlike sign muon pairs. Also shown are the con-
tributions from individual processes as listed in table 3, column II. In addition to
the processes explicitly mentioned, the curve ”all processes” includes contributions

from J /v decay and decays of p,w, ¢,7 and 5.

Invariant cross section Ed3¢/d®p for isolated Drell-Yan events with m,, < 2.5
GeV/c?. Only the statistical errors are shown. A global systematic error on the
normalization of about 30% has to be added. Also shown are QCD predictions
from Aurenche, Baier and Fontannaz [9] for two different values of the isolation

cutoff /2 (minimum angle between the virtual photon and the closest quark).

Comparison of the Drell Yan and single photon cross sections. The Drell-Yan
cross section is scaled by a factor 1.91/a = 262 derived from theory [9]. The

single photon data are taken from reference [7]. The theoretical curves are from
Aurenche et al. [9].
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Compariscn of Drell-Yan and single photon cross sections
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