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Abstract

Cross sections for the production of two isolated muons upgb di-muon masses are
measured irep collisions at HERA with the H1 detector in a data sample &poading
to an integrated luminosity of 71 pb at a centre of mass energy ¢fs = 319 GeV.
The results are in good agreement with Standard Model giexs; the dominant process
being photon-photon interactions. Additional muons oceetns are searched for in events
with two high transverse momentum muons using the full datapte corresponding to
114 pb !, where data at/s = 301 GeV and,/s = 319 GeV are combined. Both the
di-lepton sample and the tri-lepton sample agree well vinéhgredictions.
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1 Introduction

Muon pair production in electron proton scattering prosaedinly via two-photon interactions,
vy — wp~, where the incoming photons are radiated from the beancpestl]. It is impor-
tant to check the quantitative agreement between expetiamehtheory in this process, since
the understanding of this source of muons is vital in anyaetor anomalous muon produc-
tion [2/3]. The clean experimental signature and the peeStandard Model prediction provide
high sensitivity in such searches. In an analysis of mdi¢teon production[[4], six outstand-
ing events, three di-electron and three tri-electron esjamtre observed with di-electron masses
above 100 GeV, a region in which the Standard Model prediagsdow. A comparison with
di-muon production in the same experiment is thereforeqadarly interesting.

In this paper, a study of muon pair production in electrproton scatteringefp — eppX)
is presented using the H1 detector at ¢hecollider HERA. The main part of this analysis is
based on data with an integrated luminosity of 70.9'ptollected with an electron energy of
27.6 GeV and a proton enerdy, = 920 GeV (/s = 319 GeV). These data were recorded in
the years 1999 and 2000 in positron proton scattering (6.8 @nd electron proton scattering
(10.1 pb''). Differential cross sections as functions of the invariaass of the muon paiv/,,,,
the muon transverse moment4 and the transverse momentu?t of the hadronic systeny
are measured fod/,, > 5 GeV. Results are also given for elastic and inelastic muon pa
production separately. In addition, events with high gitéen masses are studiedip andue
event samples with cuts adapted to the multi-electron arsal¥]. For this analysis the data at
Vs =301 GeV (E, = 820 GeV) andy/s = 319 GeV from the years 1994 - 2000 are combined,
yielding a total luminosity of 113.7 pB.

2 Standard Model Processes

The dominant process for the production of muon pairgpnnteractions is the two-photon
reaction illustrated in the Feynman diagram shown in figiareCue to the photon propagators,
the momentum transfer to the scattered particles is genearalall. While the calculation of
the corresponding processes:ine~ scattering is rather straightforward, the hadronic stmect
of the proton must be taken into accountejm scattering. The Feynman diagrams (b)-(e) in
figure[d show additional sources of muon pairs, which areitapsrtant than the two-photon
reaction (a). They represent the four bremsstrahlung &magls ineq scattering with conver-
sion of the radiated photon into a muon pair. The diagramis thi¢ photons radiated from the
electron lines can be viewed as Compton scattering of thetrefe and the photon, which is
exchanged with the quark line (QED Compton process). In tiese space considered here,
the Cabbibo-Parisi process, diagram (b), dominates (c}altlee pole of the Compton scatter-
ing cross section for backward scattered photons imtheentre of mass system. A similar
argument shows that the Drell-Yan process (d) dominate€X@¢ to the negative interference
of the diagrams (a) and (b) in the low mass regidf),( < 10 GeV), the expected cross section
in the analysed phase space is abotit Bwer than that calculated when only the contribution
of the two-photon process is considered.

LIn this paper “electron” refers to both electron and positibnot otherwise stated.
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Figure 1: Feynman diagrams for muon pair production in ed@cagneticeq interactions,
shown for the inelastic case where the scattering take® gfamn a single quark, such that
the proton dissociates to a systetn In the elastic case, the proton scatters coherently. In
the general electroweak case, any of the photon propagedorbe replaced by & boson
propagator.

The program GRAPE_[5] is used to compute the electroweakyhgedictions. It calcu-
lates the cross section according to the diagrams (a)-f@uwell utilising the GRACE|6] pro-
gram. The program also includes contributions dug%doson exchange. These contributions
become important in cases where #fferadiated from external lines in diagrams (b)-(e) is close
to mass shell. The-pole contribution to the Drell-Yan-process (diagram d)eglected. Its in-
fluence was estimated in/[7] and was found to be negligibleed Hifferent approaches are used
to describe the proton structure in different phase spagiens for the reactioap — euuX.

In the elastic regionX = p) the hadronic structure is parametrised by the electroetagn
form factors, which depend o@?, the negative four momentum transfer squared between
the incoming and outgoing proton. In the quasi-elasticaedin, + m, < my < 5 GeV)
and the soft inelastic regiomn(xy > 5 GeV ande, < 1 Ge\?), the calculation is based on
parametrisations of the proton structure functions, whaiehgiven in[[8] for the nucleon reso-
nance regionexy < 2 GeV) and in[[9] above the resonance region. In the deep inelagion
(mx > 5 GeV and@? > 1 GeV?) the cross sections fat; — epuq are convoluted with the
parton density functions of the protan [10]. The GRAPE pawngts interfaced to PYTHIA11]
and SOPHIA[12] for a complete simulation of the inelasticanyair production processes.
GRAPE allows for QED initial state radiation by adapting thess section calculation in13].
Final state radiation is calculated with the parton showethod implemented in PYTHIA.

Vector meson production with subsequent decay into mucarsather source of muon pairs
in ep scattering. Due to the mass ct(, > 5 GeV) only the production o’ mesons needs to
be considered. The cross section is calculated using theeMoarlo generator DIFFVM_[14].
Events with two muons also arise from the decay of tau-lepfmoduced in two-photon col-
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lisionsyy — 77 and from semi-leptonic decays in open heavy quark produdtizy, i.e.

cc andbb). These reactions are simulated with GRAPE and AROMA [1&§pectively. The
leading order cross section foiproduction calculated with AROMA is normalised to the H1
measurements presented(ini[16].

3 DataAnalysis

3.1 Experimental Conditions

The H1 Detector[[17] contains a central tracking detectal @cceptance over the range
25° < § < 155°) and a forward tracking detector < 6 < 25°), which are surrounded by
a liquid argon calorimeteri{ < 6 < 154°) and a lead-scintillating fibre calorimetgSpacCal
calorimeter([18],153° < 6 < 178°). The central tracking detector comprises proportiondl an
drift chambers allowing a transverse momentum resolutier{ 8,) / P> = 0.005 GeV~'. These
detector components are surrounded by a superconductiggetia coil with a field strength
of 1.15 T. The iron return yoke is equipped with streamer suioeming the central muon de-
tector (1° < # < 171°). In the forward direction, a proton remnant tagged¢® < 6 < 0.3°,

z = 24 m) and a forward muon detectd@°(< # < 17°) are used to separate elastic and inelas-
tic processes. The trigger for this analysis is based oresmgon signatures from the central
muon detector, which are combined with signals from there¢ttacking detector. In events
with large hadronic transverse momenf&*(> 12 GeV) trigger signals from the liquid argon
calorimeter are used in addition.

The procedure to extract cross sections relies on the Httdet@mulation, which is based
on the GEANT program_[19]. After simulation, the generatedrds pass through the same
reconstruction and analysis chain as the real data. Trgggmuon identification efficiencies
are determined with high statistics data samples for tHereifit subdetectors and are incor-
porated in the simulation. Acceptances and trigger eff@enfor muon pair production are
then determined from the Monte Carlo simulation and are tgexbrrect the event yields to
obtain cross sections. The overall trigger efficiency femdion events is about 7@. At high
hadronic transverse momentg{ > 25 GeV) this efficiency is above 98 [2].

3.2 Event Sdlection

The event selection and the muon identification are optiiiserder to select an event sample
consisting of two well identified muons, isolated from otledjects in the event. The muon
identification [20] is based on measurements from the cendicking detector, the central muon
detector and the liquid argon calorimeter. Muon candidateselected from tracks measured in
the central tracking detector, which are linked to tracksesoeed in the muon detector. Muons
which do not reach the muon detector, or enter inefficienbregof the muon detector, can be

2The forward direction and the positiveaxis are given by the proton beam direction. Polar anglase
defined with respect to the positizeaxis. The pseudorapidity is given lpy= — log(tan 6/2).
3This device was installed in 1995, replacing a lead-stattit “sandwich” calorimetei [17].
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identified by a central track linked to a signature of a mifimaising particle in the liquid
argon calorimeter. In about X0 of the selected di-muon events, one of the muons is identified
only in the calorimeter. The efficiency for identifying a gie muon is typically 75% in the
kinematic range specified below. The momentum and angleursragnts are obtained from
the central tracking detector.

The analysis requires two muons in the phase space given by:

e polar angle regioR0° < ¢, < 160°;
e transverse momenfd" > 2 GeV andP/”? > 1.75 GeV;

e invariant mass of the muon pair,,, > 5 GeV.

The polar angular range is matched to the acceptance of tiakeacking detector, allowing
for a precise momentum measurement. The requirement of iaonim transverse momentum
ensures good muon identification. The analysis is focusddvamiant masses above thgy-
mass. Low muon pair masses are studied in]21, 22].

Background from cosmic ray muons is suppressed by requiniy

¢ thez-coordinate of the event vertex is within 40 cm of the nomingraction point;
¢ the opening angle between the two muons is smaller thafy 165

¢ the timing of the event determined in the central trackinggci®r coincides with that of
theep bunch crossing;

¢ the timing of the two muon track candidates is consisteni wieir emergence from a
common vertex.

The remaining cosmic background contribution is deterchiioebe below 1%.

An isolation requirement suppresses events with muonstieamy quark decays and events
with particles misidentified as muons:

e the distance of the muons to the nearest track bigghe pseudorapidity-azimuth plane,
Dfraerger = VAN? + Ag?, is required to be greater than Since at high transverse
momenta the background contributions are small, the celéxed toD7,., .. 5., > 0.5
for P/ > 10 GeV.

The remaining contribution of misidentified muons is abadtévents, estimated using Monte
Carlo simulations of photoproduction and neutral curresginelastic scattering processes.

The transverse hadronic momentiit?t is measured[24] using the liquid argon and SpaCal
calorimeters, excluding energy deposits of identified nsummnelectrons. Electrons are identi-
fied in the liquid argon or in the SpaCal calorimeter.

4Jets are considered with minimum transverse momentun®;6f > 5 GeV, identified with thek,-
algorithm [23].



3.3 Systematic Uncertainties

The following uncertainties on the measured cross sectiomtaken into account.
e The uncertainty on the integrated luminosity measurenseinbi%.

e The uncertainty on the trigger efficiency, obtained fromradependently triggered event
sample, gives a contribution to the systematic uncertaih6/%.

e The uncertainty on the identification efficiency of muonsesetimined by detailed com-
parison of data and simulation efficiencies for a data saropieisting of events with
exactly two tracks and at least one identified muon. Thisddacdh contribution to the
systematic uncertainty of %.

e The uncertainty due to the reconstruction efficiency of theti@l tracking detector for
the two muon tracks contributes with4.

e The uncertainties on the muémnd¢ measurements are 3 mrad and 1 mrad, respectively,
leading to an effect of up to % on the cross section.

e The systematic uncertainty due to biases in the transveoseemtum measurement for
high momentum trackg{ > 20 GeV) is evaluated using the electrons in a neutral current
deep inelastic scattering event sample. A scale unceytaiderived from the ratio of the
electron energy measured in the calorimeter to its track emom measurement. The
largest effect on the cross section in the highest”; bin.

These uncertainties added in quadrature lead to a totamgsic error of 104 on the integrated
cross section. The uncertainty on the hadronic energy étéldor the liquid argon calorimeter
and7 % for the SpaCal calorimeter) contributes an additionalesysttic error to thelo /d P
determination.

The uncertainty on the GRAPE calculation is below;Xor the elastic process [25]. The
accuracy of the calculation for the inelastic process istéthby the knowledge of the proton
structure. The uncertainty on the structure function patasation (quasi-elastic) and the par-
ton density function (deep inelastic) cause an uncertamgller than 5. The uncertainty on
the predictions for other sources of muon pair productia@stamated to be 3% for QQ — uu
and 40% for T — uu. For the error on the predicted event yields, these thealetind the
experimental uncertainties are added in quadrature wéstdtistical uncertainty on the Monte
Carlo calculation.

4 Results

4.1 Inclusive Two Muon Cross Sections

The cross section for the production of events with at lemstrhuons is measuréénd com-
pared with the Standard Model prediction. In total, 120Gdatents with two muons are se-
lected, while1197 + 124 events are expected according to the Standard Model caéula

SThis analysis is based on data taken at a centre of mass evfeygy= 319 GeV. More details can be found
in [20]. An analysis of data af/'s = 301 GeV can be found i [26].
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No event with more than two muons is observed. In téble 1 tmdributions of the differ-
ent Standard Model processes are given, where the errotgicone experimental and model
uncertainties. The electroweak muon pair production meaminates all other processes,
from which only28.3 4+ 6.7 events are expected. Of the 1206 data events, five eventsgtlall
M,, < 11 GeV, have two equally charged muons. This observation imodggreement with
the expectation of.1 + 1.5 events from the decay of heavy quarks.

The cross section, evaluated in the phase space defingd by> 5 GeV, P/ > 2 GeV,
PI* > 1.75 GeV and20° < 60, < 160°, is presented in figurld 2a and table 2 as a function of
the di-muon masd/,,,. The cross section falls steeply over more than four decadesthe
measured mass range, which extends up to 100 GeV. The shiattegtéims show the expected
contributions from th& andZ° resonances, where the latter is also included in the eleetib
GRAPE prediction. At small masses minor contributions fropen heavy flavour quark pro-
duction, which are strongly suppressed due to the isolaBgnirement, and tau-decays are
expected. The muon production cross section as a functitmeafransverse momenta of the
two muons is presented in figuieé 2b and tdlile 3. Both measuoss sections are in good
agreement with the Standard Model expectations. The diftel cross section as a function of
the hadronic transverse momentiin is also well described, as shown in figlife 3 and tBble 4.

The integrated cross section for electroweak muon pairymrieh, aqu , iIs obtained by
subtracting the expected contributions frdmQ @ andrr decays. The result is:

oEW = (46.4 + 1.3 4 4.5) pb.

i

The first error gives the statistical uncertainty and thesddhe systematic uncertainty. The
measurement is in good agreement with the GRAPE predicfioftol + 1.4) pb.

4.2 Elastic and Inelastic Muon Pair Production

Elastic ep — euup) and inelasticdp — epp X)) muon pair production processes are distin-
guished by tagging hadronic activity. An event is assignethalastic if activity is detected
in the proton remnant tagger, the forward muon detectom tne forward region of the liquid
argon calorimeterd < 10°) [22]. Events containing tracks in the central or forwaratcking
detectors not associated to the muons or an identified efeate also considered as inelastic.
A total of 631 data events are classified as elastic and 57etastic. This is consistent with
the Standard Model expectation, wheérd + 87 elastic events anti86 + 96 inelastic events
are predicted. The Monte Carlo simulation shows thdt9& generated inelastic events cause
activity in the forward detectors and 93 of generated elastic events remain untagged. The
systematic uncertainty on the separation between elaslic@lastic pair production takes into
account the tagging efficiencies of the forward detectohnss leads to an additional uncertainty
of 10 % on the elastic and of 12 on the inelastic cross sections.

Figure[4 and tablgl5 show the cross sections for elastic aldsitic muon pair production
after subtraction ofl, Q@ and 77 contributions. The two spectra are similar and are well
described by the electroweak predictions. Elastic muodyrtion contributes somewhat more
in the low mass range and inelastic muon production has htiligarder spectrum. This is
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expected, as in elastic processes the electromagneticféators of the proton lead to a softer
photon spectrum than that produced by radiation from pldietparticles (inelastic process).

In the analysed phase space an integrated cross sectidagtc eli-muon production of
ol =(25.3+1.0£3.5) pb
and for inelastic di-muon production of

ot =(20.940.9 +3.2) pb

are measured. These measurements are in good agreemetitengtkpected cross sections of
(24.6 £0.3) pb and(21.5 + 1.1) pb, respectively.

4.3 Multi Lepton Events

In addition to the determination of the inclusive di-muonss section, events with two high
muons and possible additional leptons, either muons otrelex; have been studied. In a small
fraction of Standard Model electroweak di-muon productioocesses (figurld 1), the electron
is scattered through a large angle, such that it is visiblgnéndetector and is not lost in the
beam pipe, leading to an observedu: final state. Events with three muons in the final state
are suppressed within the Standard Model and a tri-muorakigould therefore be of great
interest. In order to make use of the highest possible lugiipadata at,/s = 301 GeV are
analysed in addition to thg's = 319 GeV sample, resulting in a total luminosity of3.7 pb~*.

To allow for a comparison with the multi-electron analy&lk fhe following cuts are applied
for this study:

e two muons in the regioR0° < 6 < 150°;

e transverse momentg" > 10 GeV andP/” > 5 GeV.

Additional muons must be detected in the central region efdéatector20° < ¢, < 160°,
with a minimum transverse momentum bf5 GeV. Additional electrons are searched for in
the polar angle rangs® < 6. < 175° and are required to have a minimum energy @eV.
Suchupue events are triggered with an efficiency of typically %.

In the examined phase space, 56 di-muon events are foune idatia, while54.7 + 5.7
events are expected. Among these 56 events, 40 eventsrcerégatly two muons(i. events),
compared with89.9 + 4.2 expected. In the other 16 evenigsue events), one additional elec-
tron is observed in the liquid argon or the SpaCal calorimetanpared with an expectation of
14.9 £+ 1.6 events. As expected from the dominant two-photon procksslectron is preferen-
tially found in the backward region of the detector. No eweith three or more muons or with
two muons and more than one electron is observed.

10



In figure[@a the di-muon mass distributions of events clasbifis;;. events or aguue
events are compared with the theoretical expectations Bweariant mass distributions are in
agreement with the Standard Model calculations. The digion in M, the invariant mass
of the two leptons with the largest, is shown for theuue sample in figurélsb. This mass
combination is selected in order to ease comparison witimihlé-electron analysis [4], where
the scattered electron cannot be identified uniquely. Fpragimately half of these events,
the two leptons with the highest, are the electron and a muon. For these events, the mass
distribution M5 is also shown in figurgl5b. Both mass distributions are coihleatvith the
Standard Model predictions.

For masses\/;, > 100 GeV (> 80 GeV) oneuu event is found, whiled.08 + 0.01
(0.29 + 0.03) are expected. This inelastic event with two well identifradons has a mass
of M, = 102 £ 11 GeV and was recorded &t, = 820 GeV. No event classified ag.e with
M5 > 100 GeV is observed. The prediction @05 4+ 0.01. These results at high di-lepton
masses are in agreement with the Standard Model predictlangew of the present limited
statistics, they cannot be used to draw firm conclusionseronag the high mass excess ob-
served in the multi-electron analysis [4].

5 Conclusion

Isolated muon pair production is analysed for di-muon iar@grmasses above GeV. The
inclusive, elastic and inelastic cross sections are medsuin addition, auue event sample
is studied. In all cases, the predictions of the StandarddVlack in good agreement with the
observations up to the largest di-lepton masses observed.
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Inclusive Two Muon Production Inclusive Two Muon Production
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Figure 2: (a) Cross section for the production of two muonspiimteractions as a function of
the di-muon mass/,,,. (b) Muon production cross section as a function of the muamsiverse
momentaP}’ (two entries per event). The data are compared with Stariad#®! predictions.
See text for the accepted phase space. The relative difeetsgtween the data and the sum of
all Standard Model contributions is also shown (lower figlyré he inner error bars represent
the statistical errors, the outer error bars the statistivé systematic errors added in quadrature.
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Inclusive Two Muon Production
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Figure 3: Cross section for two muon production as a funatiothe hadronic transverse mo-
mentumP;X. For further details see figuré 2.
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Elastic Muon Pair Production Inelastic Muon Pair Production
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Figure 4. Cross section for electroweak (see text) muongraiduction as a function of the
invariant mass\/,,,, for elastically produced muon pairs (a) and for inelaslygatoduced muon
pairs (b) compared with the electroweak (EW) predictiomgshe GRAPE generator. For the
accepted phase space see text. The inner error bars reghesstatistical errors, the outer error
bars the statistical and systematic errors added in quadrat
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Multi Lepton Analysis
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Figure 5:a) Distributions of the invariant masg,,,, for pu (points) anduse (triangles) events,
compared with the Standard Model predictionsup} event distributions of the masgd;, of
the two highesi, leptons (points), and of the mas$; for events where the leptons with the
highestP; are a muon and the electron (triangles). For clarity, theezladata points are shifted
slightly to the left. The error bars represent the statistcrors.

Data

SM

EW ptu~

T — up

TT — Ut

QQ — pp

1206

1197 £ 124

1169 £+ 122

12.3£5.1

4.5+£0.6

11.5£3.8

Table 1: The number of selected di-muon events comparediatBtandard Model prediction
(SM). The dominant electroweak contribution (EW) is detiered using the GRAPE generator.
The expectations for other contributions are also given.
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M, range do/dM,,

(GeV [pb/GeV|
5.0-5.3 133£13£1.3
5.3-5.7 128+1.2+1.2
5.7-6.0 125+12+1.2
6.0-6.5 9.09 £ 0.89 == 0.86
6.5-7.0 8.85£0.84 £ 0.84
7.0-7.6 7.13£0.68 = 0.68
7.6-8.2 6.48 = 0.63 £ 0.62
8.2-8.9 4.1140.45+0.39
8.9-9.38 4.01+0.42+£0.38
9.8-10.7 2.65+0.33 £0.25

10.7-11.8 1.54+0.24 £0.15
11.8-12.9 1.36 £0.22 +£0.13
129-141 0.96 £0.19£0.09
14.1-154 0.88 = 0.16 £ 0.08
154-17.1 0.57 £0.11 £ 0.05
171-191 0.369 £ 0.089 £ 0.035
19.1-21.6 0.165 £ 0.052 £ 0.016
21.6-26.0 0.090 £ 0.029 4 0.009
26.0-31.0 0.075 £ 0.025 £ 0.007
31.0-40.0 0.027 = 0.011 £ 0.003
40.0-53.0( 0.0093 4= 0.0054 £ 0.0009
53.0-70.0| 0.0019 £ 0.0019 £ 0.0002
70.0 - 110.0f 0.00075 £ 0.00075 £ 0.00009

Table 2: Cross section for the production of two muons;ininteractions as a function of
the di-muon masg/,,,. Di-muon events fron(, 7-pair andQ))-decays are included in the
measurement. The first uncertainty is statistical and tbersksystematic.
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P range do/dPh

GeV]| [pb/GeV|
1.8-4.0 30.7£08+2.9
40-6.2 8.18 £0.37 £ 0.78
6.2-8.8 226 £0.18 £0.22

8.8-12.5| 0.580=£0.073 £ 0.055
12.5-17.5] 0.169 +0.034 £ 0.016
17.5-25.01 0.036 +=0.012 £ 0.003
25.0-40.0( 0.0136 £ 0.0052 £+ 0.0014
40.0 - 60.0{ 0.0015 % 0.0015 £ 0.0002

Table 3: Muon production cross section as a function of themtansverse momenfg’ (two
entries per event). The first uncertainty is statistical tr@dsecond systematic.

P range do /AP
GeV [pb/GeV|
0.0-12.0 3.94+0.11£0.38

12.0-25.0] 0.0174 £ 0.0071 £ 0.0029
25.0-40.0[ 0.0027 £ 0.0027 £ 0.0005
40.0 - 80.0f 0.00097 +£ 0.00097 £ 0.00023

Table 4: Cross section for two muon production as a functioi® hadronic transverse mo-
mentumP;X. The first uncertainty is statistical and the second systiema
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M, range do®/dM,,, do™ /dM,,,
[GeV [pb/GeV| [pb/GeV

5.0-6.8 6.85 4+ 0.40 £0.95 4.1940.294+0.64

6.8-8.7 3.16 £0.25 £0.44 2.91+0.24+0.45
8.7-10.6 1.484+0.17+0.21 1.74+0.19 £ 0.27
10.6-12.8 0.78 +0.13 +0.11 0.60 +0.10 + 0.09
12.8-15.9 0.375 £ 0.065 £ 0.052 0.525 £+ 0.084 £ 0.080
15.9-19.3 0.210 4+ 0.051 £+ 0.029 0.207 £ 0.050 £ 0.032
19.3-23.9 0.073 +0.026 £ 0.010 0.060 + 0.023 £ 0.009
23.9-30.0 0.041 + 0.017 £ 0.006 0.039 + 0.016 £ 0.006
30.0-40.0f 0.0108 £0.0063 + 0.0015 0.0165 £ 0.0082 £ 0.0025
40.0-55.0 — 0.0092 4+ 0.0053 £ 0.0014
55.0 - 90.0{ 0.00082 + 0.00082 4 0.00013 | 0.00091 +£ 0.00091 4 0.00017

Table 5: Cross section for electroweak muon pair produca function of the invariant mass

M, for elastically produced muon pairs (second column) antastieally produced muon
pairs (third column). Muons froff', 7-pair andQ(-decays are considered as background and
the expected event yields from these processes are selotfemtn the measured event numbers.

The first uncertainty is statistical and the second systiemat
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