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Measurement of beauty photoprodu
tionusing de
ays into muons in dijet events atHERA

ZEUS Collaboration
Abstra
tBeauty photoprodu
tion in dijet events has been measured at HERA with theZEUS dete
tor using an integrated luminosity of 126 pb�1. Beauty was identi�edin events with a muon in the �nal state by using the transverse momentum ofthe muon relative to the 
losest jet. Lifetime information from the sili
on vertexdete
tor was also used; the impa
t parameter of the muon with respe
t to theprimary vertex was exploited to dis
riminate between signal and ba
kground.Cross se
tions for beauty produ
tion as a fun
tion of the muon and the jetvariables as well as dijet 
orrelations are 
ompared to QCD predi
tions and toprevious measurements. The data are well des
ribed by predi
tions from next-to-leading-order QCD.
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1 Introdu
tionThe produ
tion of beauty quarks in ep 
ollisions should be a

urately 
al
ulable in pertur-bative Quantum Chromodynami
s (QCD) sin
e the large mass of the b quark provides ahard s
ale. Therefore it is interesting to 
ompare su
h predi
tions to results using photo-produ
tion events where a low-virtuality photon, emitted by the in
oming lepton, 
ollideswith a parton from the in
oming proton. Previous photoprodu
tion analyses presentedby ZEUS used semi-leptoni
 de
ays into muons [1,2℄ and ele
trons [3,4℄, and found agree-ment with next-to-leading-order (NLO) QCD 
al
ulations and predi
tions based on thekT fa
torisation approa
h [5℄. Leptons from beauty de
ays were distinguished from otherde
ay leptons and ba
kground by their large transverse momentum, p relT , relative to theaxis of the jet with whi
h they are asso
iated.For the analysis presented here, events with at least two jets (jj) were sele
ted and bquarks were identi�ed through their de
ay into muons with large p relT and large impa
tparameter, Æ, de�ned as the distan
e of 
losest approa
h of the muon with respe
t tothe beam position. The latter was fa
ilitated by the ZEUS sili
on mi
rovertex dete
tor(MVD) [6℄. The impa
t parameter is large for muons from b de
ays due to the longlifetime of B hadrons. A 
ombination of the p relT and Æ methods was also used by theH1 
ollaboration [7℄ and good agreement was found with both the ZEUS results and theNLO QCD predi
tion, ex
ept for an ex
ess at low pT of the muon (p�T ) and jet (pjT ). Themeasurement presented here 
overs a kinemati
 region extending to lower p�T than theprevious ZEUS and H1 jet measurements [1, 7℄. The 
ross se
tion for beauty produ
tionhas also been measured in pp 
ollisions at the SppS [8℄ and Tevatron 
olliders [9℄ and in

 intera
tions at LEP [10,11℄. Most results are in good agreement with QCD predi
tionsbut large dis
repan
ies are observed in some [10℄ of the results from 

 intera
tions atLEP.The dijet sample of beauty photoprodu
tion events was also used to study higher-orderQCD topologies. At leading order (LO), the two jets in the event are produ
ed ba
k-to-ba
k in azimuthal angle, su
h that ��jj = �j1 � �j2 = �. Additional soft radiation
auses small azimuthal de
orrelations, whilst ��jj signi�
antly lower than � is eviden
eof additional hard radiation. Dijet 
orrelations have been previously measured at ZEUSin in
lusive-jet and 
harm photoprodu
tion at high transverse energies [12{14℄; the 
on-
lusions from both are the same. Deviations from the NLO QCD predi
tions were found,espe
ially in regions whi
h are expe
ted to be parti
ularly sensitive to higher-order ef-fe
ts, i.e. at low ��jj. In this paper, the 
ross se
tion versus ��jj is presented for beautyphotoprodu
tion. These and other 
ross se
tions are 
ompared to NLO QCD predi
tionsand Monte Carlo models. 1



2 Experimental set-upThe analysis was performed with data taken in 2005 when HERA 
ollided ele
trons withenergy Ee = 27:5 GeV with protons of energy Ep = 920 GeV, resulting in a 
entre-of-massenergy of ps = 318 GeV. The results are based on an e�p sample 
orresponding to anintegrated luminosity of 125.9 � 3.3 pb�1.A detailed des
ription of the ZEUS dete
tor 
an be found elsewhere [15℄. A brief outlineof the 
omponents that are most relevant for this analysis is given below.In the kinemati
 range of the analysis, 
harged parti
les were tra
ked in the 
entral tra
k-ing dete
tor (CTD) [16℄ and the MVD [6℄. These 
omponents operated in a magneti
 �eldof 1:43 T provided by a thin super
ondu
ting solenoid. The CTD 
onsisted of 72 
ylin-dri
al drift 
hamber layers, organised in nine superlayers 
overing the polar-angle1 region15Æ < � < 164Æ. The MVD 
onsisted of a barrel (BMVD) and a forward (FMVD) se
tionwith three 
ylindri
al layers and four verti
al planes of single-sided sili
on strip sensorsin the BMVD and FMVD respe
tively. The BMVD provided polar-angle 
overage fortra
ks with three measurements from 30Æ to 150Æ. The FMVD extended the polar-angle
overage in the forward region to 7Æ. After alignment the single-hit resolution of theBMVD was 25�m and the impa
t-parameter resolution of the CTD-BMVD system forhigh-momentum tra
ks was 100�m.The high-resolution uranium{s
intillator 
alorimeter (CAL) [17℄ 
onsisted of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) 
alorimeters. Ea
h part wassubdivided transversely into towers and longitudinally into one ele
tromagneti
 se
tion(EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadroni
 se
tions (HAC).The smallest subdivision of the 
alorimeter was 
alled a 
ell. The CAL energy resolutions,as measured under test-beam 
onditions, were �(E)=E = 0:18=pE for ele
trons and�(E)=E = 0:35=pE for hadrons (E in GeV).The muon system 
onsisted of rear, barrel (R/BMUON) and forward (FMUON) tra
kingdete
tors. The B/RMUON 
onsisted of limited-streamer (LS) tube 
hambers pla
edbehind the BCAL (RCAL), inside and outside a magnetised iron yoke surrounding theCAL. The barrel and rear muon 
hambers 
over polar angles from 34Æ to 135Æ and from135Æ to 171Æ, respe
tively. The muon system exploited the magneti
 �eld of the iron yokeand, in the forward dire
tion, of two iron toroids magnetised to � 1:6 T to provide anindependent measurement of the muon momentum.The luminosity was measured using the Bethe-Heitler rea
tion ep! e
p by a luminosity1 The ZEUS 
oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam dire
tion, referred to as the\forward dire
tion", and the X axis pointing left towards the
entre of HERA. The 
oordinate origin is at the nominal intera
tion point.2



dete
tor whi
h 
onsisted of independent lead{s
intillator 
alorimeter [18℄ and magneti
spe
trometer [19℄ systems. The fra
tional systemati
 un
ertainty on the measured lumi-nosity was 2.6%.3 Data sele
tionThe data were presele
ted by the ZEUS online trigger system [15, 20, 21℄ to 
ontain twohigh-pT jets and/or a muon 
andidate.The hadroni
 system (in
luding the muon) was re
onstru
ted o�ine from energy-
ow ob-je
ts (EFOs) [22℄ whi
h 
ombine the information from 
alorimetry and tra
king and whi
hwere 
orre
ted for dead material and for the presen
e of muons. Jets were re
onstru
tedo�ine from EFOs using the kT algorithm [23℄ in the longitudinally invariant mode [24℄.The E-re
ombination s
heme, whi
h produ
es massive jets whose four-momenta are thesum of the four-momenta of the 
lustered obje
ts, was used.Muons were re
onstru
ted by mat
hing a tra
k found in the CTD and the MVD with atra
k found in the inner 
hambers of the B/RMUON. Muons were asso
iated with jetsusing the kT algorithm; if the EFO 
orresponding to a re
onstru
ted muon was in
ludedin a jet then the muon was 
onsidered to be asso
iated with the jet, whi
h will from nowon be referred to as the muon-jet.Events with one muon and two jets were sele
ted by requiring:� � 1 muon with pseudorapidity �1:6 < �� < 1:3, and transverse momentum p�T >2:5 GeV (this 
ut was lowered to p�T > 1:5 GeV for the measurement of the di�erential
ross se
tion with respe
t to p�T ); the muon tra
k was required to have at least 4 MVDhits;� � 2 jets with pseudorapidity j�jj < 2:5, and transverse momentum pjT > 7 GeV forthe highest-pjT jet and pjT > 6 GeV for the se
ond-highest-pjT jet;� that the muon was asso
iated with a jet with pjT > 6 GeV whi
h is not ne
essarilyone of the two highest-pT jets. To ensure a reliable p relT measurement (see Se
tion 4),the residual jet transverse momentum, 
al
ulated ex
luding the asso
iated muon, wasrequired to be greater than 2 GeV;� no s
attered-ele
tron 
andidate [25℄ found in the CAL;� 0:2 < yJB < 0:8, where yJB is the estimator of the inelasti
ity, y, measured from theEFOs a

ording to the Ja
quet-Blondel method [26℄.The last two 
uts suppress the 
ontributions from neutral 
urrent deep inelasti
 s
atteringevents and from non-ep intera
tions. The total eÆ
ien
y of all these sele
tion 
uts was3



�23%. A sample of 7351 events remained for p�T > 2:5 GeV and 14172 events remainedfor p�T > 1:5 GeV.4 Signal extra
tionTo evaluate dete
tor a

eptan
e and to provide the signal and ba
kground distributions,Monte Carlo (MC) samples of beauty, 
harm and light-
avour (LF) events were gen-erated using Pythia 6.2 [27{29℄, 
orresponding respe
tively to 9, 4.5 and 1 times theluminosity of the data. The generated events were passed through a full simulation of theZEUS dete
tor based on Geant 3.21 [30℄. They were then subje
ted to the same triggerrequirements and pro
essed by the same re
onstru
tion programs as the data.Due to the large b-quark mass, muons from semi-leptoni
 beauty de
ays tend to be pro-du
ed with high transverse momentum with respe
t to the dire
tion of the jet 
ontainingthe B hadron. The p relT variable 
an therefore be exploited to extra
t the beauty signal;it is de�ned as: p relT = jp � � (pj � p �)jjpj � p �j ; (1)where p � is the muon and pj the jet momentum ve
tor. An underestimation of the tailsof the p relT distribution in the ba
kground MC was 
orre
ted as des
ribed in a previouspubli
ation [1℄. The 
orre
tion is applied in bins of p relT to the LF MC sample. Half ofthe 
orre
tion was also applied to the 
harm MC sample. The p relT distribution for thesele
ted data sample is 
ompared to the MC simulation in Fig. 1(a).Muons from semi-leptoni
 beauty de
ays tend to be produ
ed at a se
ondary vertex,displa
ed from the primary vertex, be
ause of the long lifetime of B hadrons. The signedimpa
t parameter Æ is 
al
ulated with respe
t to the beam position in the transverseplane (beam-spot). The beam-spot position was 
al
ulated every 2000 events as des
ribedelsewhere [31℄. The sign of Æ is positive if the muon inter
epts the axis of the asso
iatedjet within the jet hemisphere; otherwise Æ is negative.The impa
t-parameter resolution in the MC was 
orre
ted [32℄, simultaneously takinginto a

ount the residual e�e
ts of multiple s
attering and of the tra
king resolution.The 
orre
tion was extra
ted from in
lusive-jet data by �tting the impa
t-parameterdistribution with a double 
onvolution of a Gaussian and a Breit-Wigner fun
tion. Thewidths of these fun
tions were tuned taking into a

ount the pT dependen
e of the size ofthe 
orre
tion.Figure 1(b) shows the distribution of the re
onstru
ted muon Æ 
ompared to predi
tionsfrom the Pythia MC model for beauty, 
harm and LF events whi
h were 
orre
ted as4



des
ribed above. The Æ distribution for LF events, whi
h is symmetri
 and peaked at zero,has a �nite width whi
h re
e
ts the impa
t-parameter resolution. Whereas for beautyevents, and to a lesser extent for 
harm events, the Æ distribution is asymmetri
 towardspositive Æ.The fra
tions of beauty (abb) and 
harm (a

) events in the sample were obtained from athree-
omponent �t, f�, to the measured two-dimensional distributions of p relT and Æ:f� = abbf bb� + a

f 

� + (1� abb � a

)fLF� ; (2)where f bb� , f 

� and fLF� are the MC predi
ted shapes for beauty, 
harm and light 
avourevents. The �t used the minimum-�2 method and in
luded MC statisti
al un
ertainties.For di�erential 
ross se
tions the �t was repeated for ea
h bin.As an illustration, Fig. 2 shows the 68% probability 
ontours from the two-dimensional�t des
ribed above and from one-dimensional �ts 
arried out using p relT or Æ alone for thedata sample with p�T > 2:5 GeV. Only statisti
al errors were taken into a

ount. The twovariables give 
omplementary information. The p relT �t alone is able to distinguish the b
omponent from 
harm and LF but not to separate these two ba
kground 
omponents,while the Æ �t gives a good determination of the total heavy quark fra
tion. The Æ �talso provides a strong anti-
orrelation between the fra
tions of beauty and 
harm2. Inthe previous analysis [1℄, whi
h used the p relT method alone, the 
harm 
ontribution was
onstrained to the 
harm 
ross se
tion obtained from other measurements. This is notne
essary here.5 Theoreti
al predi
tions and un
ertaintiesThe measured 
ross se
tions are 
ompared to NLO QCD predi
tions based on the FMNR[33℄ program. The parton distribution fun
tions used for the nominal predi
tion wereGRVG-HO [34℄ for the photon and CTEQ5M [35℄ for the proton. The b-quark mass wasset to mb = 4:75 GeV, and the renormalisation and fa
torisation s
ales to the transversemass, �r =�f = mT =r12 �(pbT )2 + (pbT )2� + m2b , where pb(b)T is the transverse momentumof the b (b) quark in the laboratory frame. Jets were re
onstru
ted by running the kTalgorithm on the four-momenta of the b and b quarks and of the third light parton (ifpresent) generated by the program. The fragmentation of the b quark into a B hadronwas simulated by res
aling the quark three-momentum (in the frame in whi
h pbZ = �pbZ ,2 Due to the 
orrelations between p relT and Æ the 
ombined 
ontour is not 
ompletely 
ontained withinthe overlap of the two individual 
ontours. 5



obtained with a boost along Z) a

ording to the Peterson [36℄ fragmentation fun
tionwith � = 0:0035. The muon momentum was generated isotropi
ally in the B-hadronrest frame from the de
ay spe
trum given by Pythia whi
h is in good agreement withmeasurements made at B fa
tories [37℄.The NLO 
ross se
tions, 
al
ulated for jets made of partons, were 
orre
ted for jet hadroni-sation e�e
ts to allow a dire
t 
omparison with the measured hadron-level 
ross se
tions.The 
orre
tion fa
tors, Chad, were derived from the MC simulation as the ratio of thehadron-level to the parton-level MC 
ross se
tion, where the parton level is de�ned asbeing the result of the parton-showering stage of the simulation.To evaluate the un
ertainty on the NLO 
al
ulations, the b-quark mass and the renormal-isation and fa
torisation s
ales were varied simultaneously to maximise the 
hange, frommb = 4:5 GeV and �r = �f = mT=2 to mb = 5:0 GeV and �r = �f = 2mT , produ
ing avariation in the 
ross se
tion from +34% to �22%. The e�e
t on the 
ross se
tion of avariation of the Peterson parameter � and of a 
hange of the fragmentation fun
tion fromthe Peterson to the Kartvelishvili parameterisation was found in a previous publi
ation [1℄to be of the order of 3%. The e�e
ts of using di�erent sets of parton densities and ofa variation of the strong 
oupling 
onstant were found to be within �4%. These e�e
tsare negligible with respe
t to that of a variation of the b-quark mass and the renormal-isation and fa
torisation s
ales and are therefore not in
luded. The un
ertainty due tothe hadronisation 
orre
tion was also found to be negligible with respe
t to the dominantun
ertainty.The measured 
ross se
tions are also 
ompared to the predi
tions of the Pythia 6.2 MCmodel s
aled to the data. The predi
tions of Pythia were obtained [28℄ by mixing 
avour-
reation pro
esses (
g ! bb, gg! bb, qq ! bb) 
al
ulated using massive matrix elementsand the 
avour-ex
itation (FE) pro
esses (bg ! bg, bq ! bq), in whi
h a heavy quark isextra
ted from the photon or proton parton density. The FE pro
esses 
ontribute about27% to the total bb 
ross se
tion. The small (� 5%) [1℄ 
ontribution from �nal-state gluonsplitting in parton showers (g ! bb) was not in
luded. The parton density CTEQ5L [35℄was used for the proton and GRVG-LO [34℄ for the photon; the b-quark mass was set to4:75 GeV and the b-quark string fragmentation was performed a

ording to the Petersonfun
tion with � = 0:0041 [36℄.6 Systemati
 un
ertaintiesThe main experimental un
ertainties are 
al
ulated as follows (the resulting un
ertaintyon the total 
ross se
tion is given in parentheses) [38℄:6



� the muon a

eptan
e, in
luding the eÆ
ien
y of the muon 
hambers, of the re
on-stru
tion and of the B/RMUON mat
hing to 
entral tra
ks, is known to about 7%.An independent dimuon sample was analysed to determine this un
ertainty based ona method [39℄ whi
h has been repeated here (�7%);� the error due to the un
ertainty of the energy s
ale of the CAL was evaluated byvarying the energy of the jets and the inelasti
ity yJB in the MC by �3% (�4%);� the eÆ
ien
y of �nding a tra
k with 4 MVD hits was measured in the data and inthe MC. The ratio of the measured eÆ
ien
ies was applied as a 
orre
tion to thea

eptan
e. The un
ertainty on this ratio was in
luded in the systemati
 un
ertainty(�3%);� the eÆ
ien
y of the dijet trigger in the MC was 
orre
ted so that it reprodu
ed theeÆ
ien
y as measured in the data. The systemati
 un
ertainty due to this 
orre
tionwas negligible;� the MC �� distribution was reweighted in order to a

ount for the di�eren
es (seeFig. 3) between data and MC (< 1%);� the un
ertainty on the size of the 
orre
tion to the shape of the impa
t-parameterdistribution for the MC samples des
ribed in Se
tion 4 was evaluated by varying thewidths of the Gaussian and Breit-Wigner distributions used in the 
orre
tion fun
tionby +20% and �10% of their nominal values. These variations are su
h that the globalMC distribution still provides a good des
ription of the data (+6%�10%);� the un
ertainty on the prelT shape of the LF and 
harm ba
kground was evaluated by:{ varying the 
orre
tion applied to the LF ba
kground by �20% of its nominal value(�2%);{ varying the prelT shape of the 
harm 
omponent by removing or doubling the 
or-re
tion (�4%);� the 
ontribution of 
avour-ex
itation events in Pythia was varied3 by + 100%=� 50%and simultaneously the 
ontribution of gg ! bb, qq ! bb events was varied by� 50%= + 100% (�4%); the 
ontribution of 
g ! bb pro
esses in Pythia was de-
reased by 20% and all other pro
esses were in
reased by +100% (�2%).The total systemati
 un
ertainty was obtained by adding the above 
ontributions inquadrature. A 2.6% overall normalisation un
ertainty asso
iated with the luminositymeasurement was not in
luded in the systemati
 un
ertainty on the di�erential 
rossse
tions.3 The 
omparison between MC predi
tion and data for d�=dxjj
 , see Se
tion 7, is still satisfa
tory forthese variations. 7



7 ResultsFigure 3 shows the distributions of the kinemati
 variables of the muon p�T and �� as wellas those for the jet asso
iated with the muon p��jT and ���j. The fra
tion xjj
 of the totalhadroni
 E � pZ 
arried by the two highest-pT jets4 is given by:xjj
 = Pj=1;2(Ej � pjZ)E � pZ : (3)The distribution of xjj
 is also shown in Fig. 3. The data are 
ompared in shape tothe MC simulations in whi
h the relative 
ontributions of beauty, 
harm and LF weremixed a

ording to the fra
tions measured in this analysis as des
ribed in Se
tion 4. The
omparison shows that the main features of the dijet-plus-muon sample are reasonablywell reprodu
ed by this MC mixture.Total and di�erential visible 
ross se
tions have been measured for �nal states with atleast one muon and two jets in the following kinemati
 region:� Q2 < 1 GeV2 and 0:2 < y < 0:8;� pj1;j2T > 7; 6 GeV and j�j1;j2j < 2:5; the jets are de�ned as hadron-level jets using the kTalgorithm. For the purposes of jet-�nding, B hadrons are treated as stable parti
les;� p�T > 2:5 GeV (p�T > 1:5 GeV for d�=dp�T ) and �1:6 < �� < 1:3;� at least one muon is asso
iated with a jet with pjT > 6 GeV. The muon is asso
iatedwith the jet if it is the de
ay produ
t of a B hadron 
ontained in the jet, a

ordingto the kT algorithm. Muons 
oming from both dire
t (b ! �) and indire
t (b !
; 
; J=	;	0 ! �) de
ays are 
onsidered to be part of the signal.The total visible 
ross se
tion is�(ep! ebbX ! ejj�X 0) = 38:6� 3:5(stat:)+4:6�4:9(syst:) pb: (4)This result is 
ompared to the NLO QCD 
al
ulation des
ribed in Se
tion 5. The predi
-tion for the total visible 
ross se
tion is�(ep! ebbX ! ejj�X 0) = 37:0+11:9�7:5 pb; (5)in ex
ellent agreement with the data.4 xjj
 is the massive-jets analogue of the xobs
 variable used for massless jets in other ZEUS publi
ations[12℄. 8



Figure 4 and Table 1 show the visible di�erential 
ross se
tions as a fun
tion of the muontransverse momentum and pseudorapidity. Also shown in Fig. 4 and in Table 2 are thevisible di�erential 
ross se
tions measured as a fun
tion of the transverse momentum ofthe jet asso
iated with the muon p��jT , and as a fun
tion of its pseudorapidity, ���j. Thevisible 
ross se
tion as a fun
tion of p�T is measured in the range p�T > 1:5 GeV, while theother 
ross se
tions are measured for p�T > 2:5 GeV. The NLO QCD predi
tions des
ribethe data well and the Pythia MC also gives a good des
ription of the shapes.The visible di�erential 
ross se
tion as a fun
tion of �� is also 
ompared with a previousZEUS measurement [1℄, whi
h used the p relT method to extra
t the beauty fra
tion. Thetwo measurements agree well5.Figure 5(a) and Table 3 show the visible dijet 
ross se
tion as a fun
tion of xjj
 (Eq. 3).The xjj
 variable 
orresponds at LO to the fra
tion of the ex
hanged-photon momentumentering the hard s
attering pro
ess. In photoprodu
tion, events 
an be 
lassi�ed into twotypes of pro
ess in LO QCD. In dire
t pro
esses, the photon 
ouples as a point-like obje
tin the hard s
atter. In resolved pro
esses, the photon a
ts as a sour
e of in
oming partons,one of whi
h takes part in the hard s
atter. The xjj
 variable provides a tool to measurethe relative importan
e of dire
t pro
esses, whi
h gives a peak at xjj
 � 1, and of resolvedpro
esses, whi
h are distributed over the whole xjj
 range. The dominant 
ontribution tothe visible 
ross se
tion 
omes from the high-xjj
 peak but a low-xjj
 
omponent is alsoapparent. The NLO QCD predi
tion des
ribes the measured visible 
ross se
tion well.Pythia also gives a good des
ription of the shape of the distribution.Dijet angular 
orrelations are parti
ularly sensitive to higher-order e�e
ts and are there-fore suitable to test the limitations of �xed-order perturbative QCD 
al
ulations. Thedijet variable measured, ��jj, was re
onstru
ted from the two highest-pT jets as:��jj = j�j1 � �j2j : (6)In the FMNR program, at LO the di�erential 
ross se
tion as a fun
tion of ��jj is adelta fun
tion peaked at �. At NLO, ex
lusive three-jet produ
tion populates the region23� < ��jj < �, whilst smaller values of ��jj require additional radiation su
h as a fourthjet in the event. An NLO QCD 
al
ulation 
an produ
e values of ��jj < 23� when thehighest-pT jet is not in the a

epted kinemati
 region.The visible di�erential 
ross se
tion as a fun
tion of ��jj is shown in Fig. 5(b) and Table4. The NLO QCD predi
tions des
ribe the data well. Visible 
ross se
tions as a fun
tion5 The measurement presented by H1 [7℄ refers to a slightly di�erent de�nition of the 
ross se
tion andtherefore 
annot be 
ompared to dire
tly. However a qualitative 
omparison does not 
on�rm theirobservation of an ex
ess at low p�T . 9



of ��jj have also been measured separately for dire
t-enri
hed (xjj
 > 0:75) and resolved-enri
hed (xjj
 < 0:75) samples (Fig. 5(
) and (d)). The 
ross se
tions are well des
ribedby the NLO QCD predi
tion for xjj
 > 0:75 and for xjj
 < 0:75. The Pythia MC givesan equally good des
ription of the shape of the distributions.8 Con
lusionsBeauty produ
tion identi�ed through semi-leptoni
 de
ay into muons has been measuredwith the ZEUS dete
tor in the kinemati
 range de�ned as: Q2 < 1 GeV2; 0:2 < y < 0:8;pj1;j2T > 7; 6 GeV; j�j1;j2j < 2:5; p�T > 2:5 GeV; �1:6 < �� < 1:3 with at least one muonbeing asso
iated with a jet with pjT > 6 GeV. Lifetime information was 
ombined withthe muon prelT method to extra
t the fra
tion of beauty events in the data sample. Unlikethe previous analysis, whi
h used the p relT method alone, it was not ne
essary to 
onstrainthe 
harm 
ontribution to the 
harm 
ross se
tion obtained from other measurements.The extra
ted 
harm 
ontribution is 
onsistent with expe
tation.The total visible 
ross se
tion was measured as well as visible di�erential 
ross se
tionsas a fun
tion of the transverse momenta and pseudorapidities of the muon and of thejet asso
iated with the muon. The �� 
ross se
tion was 
ompared to the previous mea-surement. This analysis 
on�rms the previous result with similar statisti
al pre
ision anddi�erent sour
es of systemati
 un
ertainty. Also, it was possible to measure the 
rossse
tion as a fun
tion of the muon transverse momentum to p�T > 1:5 GeV, a lower p�T thanin the previous muon-jet analysis. The p�T 
ross se
tion agrees well with the NLO QCDpredi
tion and does not 
on�rm the ex
ess observed by H1 at low p�T .All results were 
ompared to the Pythia MC model and to an NLO QCD predi
tion.The NLO QCD predi
tion des
ribes the data well. The Pythia MC model also providesa good des
ription of the shape of the distributions.Beauty dijet angular-
orrelation 
ross se
tions were also measured. Separate measure-ments in dire
t-enri
hed and resolved-enri
hed regions were presented. The NLO QCDpredi
tion des
ribes the measured 
ross se
tions well.9 A
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p�T range d�=dp�T � stat:� syst: Chad(GeV) (pb/GeV)1.5, 2.52.5, 4.04.0, 6.06.0, 10.0 41:05� 7:74+8:26�8:5115:78� 1:96+2:03�1:984:87� 1:03+0:69�0:670:84� 0:27+0:11�0:11 0:870:930:981:01�� range d�=d�� � stat:� syst: Chad(pb)�1.60,�0.75�0.75, 0.250.25, 1.30 3:86� 1:37+1:40�0:9216:81� 2:30+2:34�2:1519:70� 2:43+2:43�3:09 0:830:890:92Table 1: Di�erential muon 
ross se
tion as a fun
tion of p�T and ��. For furtherdetails see text. The multipli
ative hadronisation 
orre
tion, Chad, applied to theNLO predi
tion is shown in the last 
olumn.
p�-jT range d�=dp�-jT � stat:� syst: Chad(GeV) (pb/GeV)6, 1111, 1616, 30 4:74� 0:57+0:60�0:591:78� 0:32+0:24�0:220:33� 0:10+0:05�0:05 0:890:890:92��-j range d�=d��-j � stat:� syst: Chad(pb)�1.6,�0.6�0.6, 0.40.4, 1.4 6:13� 1:41+1:50�0:8213:89� 2:20+2:08�2:2116:42� 2:29+1:70�2:29 0:770:840:99Table 2: Di�erential 
ross se
tion for jets asso
iated with a muon as a fun
tionof p�-jT and ��-j. For further details see text.
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xjj
 range d�=dxjj
 � stat:� syst: Chad(pb)0.000, 0.2500.250, 0.3750.375, 0.5000.500, 0.7500.750, 1.000
11:85� 4:96 +3:32�2:4017:17� 7:89 +7:69�4:4714:81� 7:56 +3:30�4:0622:19� 4:48 +7:47�4:51106:63�12:63 +11:82�12:74

0:690:780:860:860:92Table 3: Di�erential 
ross se
tion as a fun
tion of xjj
 . For further details seetext.
��jj range d�=d��jj � stat:� syst: Chad(pb)6�12 , 8�128�12 ,10�1210�12 ,11�1211�12 ,12�12 2:26� 1:44 +1:34�0:967:35� 2:06 +1:47�1:4524:70� 6:04 +4:66�5:1292:91�11:10 +10:46�12:82 0:800:790:860:92xjj
 > 0:75��jj range d�=d��jj � stat:� syst: Chad(pb)6�12 ,10�1210�12 ,11�1211�12 ,12�12 1:62� 0:73 +1:08�0:2715:27� 4:75 +2:50�2:2165:69�10:66 +8:14�9:18 0:820:870:93xjj
 < 0:75��jj range d�=d��jj � stat:� syst: Chad(pb)6�12 , 8�128�12 ,10�1210�12 ,11�1211�12 ,12�12 1:38�0:92 +0:46�0:313:36�1:60 +0:97�0:877:75�3:37 +3:67�1:6218:84�4:17 +3:71�2:59 0:750:760:840:84Table 4: Di�erential muon 
ross se
tion as a fun
tion of ��jj for all xjj
 and forxjj
 > (<)0:75. For further details see text.
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Figure 4: Di�erential 
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tion as a fun
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