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MUON PAIR PRODUCTION�Boris LeissnerI. Physikalis
hes Institut der RWTH Aa
hen, 52056 Aa
hen, Germanye-mail: leissner�mail.desy.de(Re
eived July 1, 2002)Events 
ontaining pairs of isolated muons at high invariant masses havebeen dete
ted at HERA with the H1 dete
tor in a data sample 
orre-sponding to an integrated luminosity of 70.9 pb�1 of e�p s
attering atps = 318 GeV. The results are well des
ribed by the Standard Modelpredi
tion whi
h is dominated by photon�photon 
ollisions.PACS numbers: 12.15.Ji 1. Introdu
tionIsolated muon pair produ
tion, ep �! (e)��X, at high invariant masseshas been studied by H1 using the data from 1999�2000. Isolated muonpairs are dominantly produ
ed via the multiperipheral two-photon pro
ess,

 �! �+��, depi
ted in Fig. 1.As well as testing QED and the photon spe
trum of the proton thisanalysis provides 
onstraints on ba
kgrounds to sear
hes for new physi
s. Inparti
ular, it 
omplements the analysis of multi lepton pair produ
tion [1,2℄.
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γFig. 1. Multiperipheral two-photon pro
ess (here for the deep inelasti
 
ase).� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3275)
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tionThe muon sele
tion is based on 
entral tra
ker and muon dete
tor mea-surements. Muon 
andidates are sele
ted from 
harged tra
ks measured inthe 
entral tra
ker at polar angles between 20Æ and 160Æ, whi
h are linkedto tra
ks measured in the muon dete
tor. For low momentum muons the�nding e�
ien
y is in
reased by a

epting also minimal ionising parti
les inthe Liquid Argon Calorimeter whi
h are linked to an inner tra
k. The mo-mentum and 
harge measurement is based on 
entral tra
ker information.The analysis is 
arried out in the phase spa
e given by a 
ut on the invariantmass of the muon pair (M�;� > 5 GeV), requirements of minimal transversemomenta (P �1t > 2:0 GeV and P �2t > 1:75 GeV) and the given polar an-gle region. Ba
kground is suppressed by dedi
ated 
uts against 
osmi
 raymuons and an isolation requirement: the distan
e of the muons to the near-est tra
k or jet in the pseudorapidity-azimuthal-plane DTra
k;Jet has to begreater than 1:0. For muons with high transverse momentum (PT > 10 GeV)DTra
k;Jet > 0:5 is required.3. In
lusive isolated muon pair produ
tionPair produ
tion of isolated muons is measured in
lusively and 
omparedto the Standard Model predi
tion, whi
h is strongly dominated by ele
-troweak produ
tion, espe
ially by the Multiperipheral pro
ess. Ele
troweakmuon pair produ
tion is simulated with the GRAPE generator [3℄, whi
huses the 
al
ulation program `GRACE' [4℄ to determine the Feynman am-plitudes of the 
orresponding diagrams in leading order. In addition to theMultiperipheral pro
ess 
ontributions from Bremsstrahlung with subsequentphoton 
onversion and ele
troweak 
ontributions like real Z0-produ
tionwith de
ay to �+�� are 
onsidered. Not simulated is the negligible 
ontri-bution from the resolved Drell�Yan pro
ess [5℄. To 
ompare the 
ontributionof the Multiperipheral pro
ess to the full ele
troweak 
al
ulation (GRAPE),the Multiperipheral pro
ess alone is simulated also with the LPAIR gener-ator [6, 7℄. Other sour
es of muon produ
tion have been simulated usingDIFFVM [8℄ for the � -resonan
e, LPAIR for muons arising from 

 �! ��and AROMA [9℄ for muons stemming from semi-leptoni
 de
ays in openheavy quark produ
tion (
�
 and b�b). Having 
orre
ted the data for dete
tore�e
ts, 
ross se
tions in the observed phase spa
e are derived.Fig. 3 presents the visible 
ross se
tion as a fun
tion of the invariantmass of the muon pair (upper left plot) and the transverse momenta ofthe muons (upper right plot). The mass spe
trum falls steeply over more
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Fig. 2. Invariant di-muon mass (left) and transverse muon momenta (right) ofdi-muons in 
omparison to the ele
troweak (EW) predi
tion using GRAPE, the

 ! �� 
ontribution using LPAIR as well as 
ontributions from 

 �! �� , 
�
and b�b, � and Z0 de
ays. Also shown is the relative di�eren
e between data andall Standard Model 
ontributions (lower �gures).than four de
ades and extends up to 80 GeV. The Multiperipheral pro
essalmost saturates the data. As shaded histograms the expe
tation from the� and Z0 resonan
es are given. At small masses minor 
ontributions frommuons arising from open heavy �avour quark produ
tion, whi
h are stronglysuppressed due to the isolation requirement, and � -de
ays are expe
ted.The lower �gures show the relative di�eren
e between data and the sumof all Standard Model 
ontributions. The agreement between data and thestandard model in both distributions is very good.The distribution of the transverse hadroni
 momentum PXt is depi
ted inFig. 3. The event with the highest measured transverse hadroni
 momentumhas a PXt of approximately 50 GeV. The data is des
ribed within errors.



3278 B. Leissner

  [GeV]X
tP

0 20 40 60 80 100

 [
p

b
/G

eV
]

X t
/d

P
σ

d

10
-4

10
-3

10
-2

10
-1

1

10

  [GeV]X
tP

0 20 40 60 80 100

 [
p

b
/G

eV
]

X t
/d

P
σ

d

10
-4

10
-3

10
-2

10
-1

1

10

DATA 

EW(GRAPE)

 (LPAIR)γ γ
µµ → ττ → γ γ

c + cbb
µµ → Υ

µµ → 0Z

H1 Muon Pair Analysis

Fig. 3. Hadroni
 transverse momentum distribution in di-muon events. For detailssee Fig. 2. 4. Elasti
 and inelasti
 muon pair produ
tionElasti
 ep �! e��p and inelasti
 ep �! e��X muon pair produ
tionare separated from ea
h other by dete
ting the proton remnant X usingforward dete
tors like the Proton Remnant Tagger [10℄. Fig. 4 shows theresulting mass spe
tra for the elasti
 (left) and the inelasti
 (right) datasamples. Elasti
 muon produ
tion dominates the small mass region, butboth spe
tra extend to similar high masses and mat
h very well with theStandard Model predi
tion. The additional error arising from the separationof the two produ
tion me
hanisms is 
onservatively estimated to be 10 %.The total 
ross se
tion of muon pair produ
tion was found to be (46.5�1.3 � 4.7) pb, whi
h agrees ni
ely with the GRAPE predi
tion of 46.2 pb.For inelasti
 di-muon produ
tion a total 
ross se
tion of (20.8 �0.9 � 3.3) pbwas measured,whi
h agrees within errors with the expe
ted 
ross se
tion of21.5 pb.
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Fig. 4. Invariant di-muon mass of elasti
 (left) and inelasti
 (right) produ
ed muonpairs. 5. SummaryIsolated muon pair produ
tion at high invariant masses has been ana-lysed and both the in
lusive 
ross se
tion and the elasti
 and inelasti
 
rossse
tion have been found to agree very well with the Standard Model predi
-tion. No ex
esses in the mass and the other spe
tra have been observed. Anin
rease in the integrated luminosity and extension to the �e 
hannel willshed further light on the high mass ex
ess reported in [2℄.REFERENCES[1℄ H1 Collaboration, Eur. Phys. J. C5, 575 (1998).[2℄ C. Vallée, A
ta Phys. Pol. B33, 2903 (2002), these pro
eedings.[3℄ T. Abe, Comput. Phys. Commun. 136, 126 (2001).[4℄ T. Ishikawa et al., KEK-92-19, (1992).[5℄ N. Arteaga-Romero, C. Carimalo, P. Kessler, Z. Phys. C52, 289 (1991).
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eedings, Physi
s at HERA, vol. 3* 1478-1482.[7℄ J.A. Vermaseren, Nu
l. Phys. B229, 347 (1983).[8℄ B. List, diploma thesis, Te
hnis
he Universität Berlin, (H1-10/93-319) (1993).[9℄ G. Ingelman et al., Comput. Phys. Commun. 101, 135 (1997).[10℄ H1 Collaboration, [arXiv:hep-ex/0205107℄.


