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I. Abt23, M. Adams?, M. Agari'?, H. Albrecht?, A. Aleksandrov?, V. Amaraf, A. Amorim?®, S. J. Aplin2, V. Aushev®,
Y. Bagaturid®3¢, V. Balagurd?, M. Bargiott®, O. Barsukov&', J. Basto%, J. Batistd, C. Bauel?, Th. S. Bauet, A. Belkov' 1,
Ar. Belkov'!, I. Belotelov'!, A. Bertin®, B. Bobchenkd?, M. Bocker®, A. Bogatyrev?, G. Bohnt?, M. Brauer3,

M. Bruinsm&® ', M. Bruschf, P. Buchholz%, T. Burar?*, J. Carvalhd, P. Cond&'2, C. Crusé’, M. Dan?, K. M. Danielsefd?,
M. Danilov?2, S. De Castr®, H. Deppé?, X. Dong?, H. B. Dreig4, V. Egorytchev?, K. Ehret?, F. Eiselé*, D. Emeliyanov?,
S. Essenot?, L. Fabbrf, P. Facciolf, M. Feuerstack-Raiblé, J. Flammel?, B. Fominyki#2, M. Funcke?, LI. Garrid@,

A. Gellrich??, B. Giacobbé, P. Giovannirfi, J. GIaR°, D. Goloubkov?33, Y. GolubkoV?:34, A. Golutvin?2, 1. Golutvin'!,

I. Gorbounov?26, A, GoriseK”, O. Gouchtchin®, D. C. Goulart, S. Gradl*, W. Gradt4, F. Grimaldf, J. Groth-Jensén
Yu. Guilitsky?2:35, J. D. Hanseth J. M. Hernande?, W. Hofmanr3, M. Hohimanr?, T. Hott*4, W. Hulsbergeh,

U. Husemantf, O. Igonkin&?2, M. Ispiryan'®, T. Jagla?, C. Jiang, H. Kapitzd?, S. Karabekya#?, N. Karpenkad!, S. Kelle#®,
J. Kesslel*, F. Khasano®, Yu. Kiryushin'!, I. Kisel??, E. Klinkby?, K. T. Knopfle'?, H. Kolanosk?, S. Korpa?!':'7, C. Kraus$?,
P. Kreuzet>'?, P. Krizant®'7, D. KriickeP, S. Kuppet’, T. Kvaratskheliid?, A. Lanyov'!, K. Lau'®, B. Lewendel?, T. Lohsé,
B. Lomonosov?32, R. Mannef’, R. Manket?, S. Masciocch?, I. Massd, |. Matchikhiliar??, G. Medir?, M. Medinnis'?,

M. Mevius'?, A. Michetti'?, Yu. Mikhailov?2:35, R. Mizuk??, R. Muresaf,, M. zur Nedden, M. Negodae¥?-32, M. Norenbergd?,
S. NowaK?, M. T. N@fiez Pardo de Vetd M. Ouchrif?®!, F. Ould-Saad, C. Padilld?, D. Peraltd, R. Pernack’,

R. Pestotnik’, B. AA. Petersef, M. Piccininf, M. A. Pleier'3, M. Poli®3!, V. Popov?, D. Posé!:!4, S. Prystup#,

V. Pugatch®, Y. Pylypchenkd?, J. Pyrlik'®, K. Reeve§?, D. ReRRing?, H. Rick!4, I. Riu'2, P. Robmant?, |. RostovtsevZ,

V. Rybnikov!2, F. SancheZ, A. Sbrizzit, M. Schmelling?, B. Schmidt?, A. Schreinet®, H. Schrodet®, U. Schwanké’,

A. J. SchwartZ, A. S. Schwar#?, B. Schwenningef, B. Schwingenheuét, F. Sciacc&®, N. Semprini-Cesafti S. Shuvalo¥?-,
L. Silva®, L. Soziiet?, S. Solunid!, A. Somov?, S. Somov?33, J. Spenglé?, R. Spigh?, A. Spiridonov?-22, A. Stanovnik®17,
M. Stari¢”, C. Stegmanh H. S. Subramanid, M. Symalle%2 10 1. Tikhomirov?2, M. Titov22, I. Tsakm?7 U. Uwer4,
> C. van Eldik?19, Yu. Vassiliev®, M. Villa®, A. VitaleS, I. Vukotic® 29, , H. Wahlberg®, A. H. Walent&®, M. Walter?®, J. J. Wang,
'>< D. Wegenel?, U Werthenbact, H. Wolter$, R. Wurth'2, A, Wurz20 S. Xella-Hanseh Yu. Zaitsev?, M. Zavertyaev™'*32,
T. Zeunet?26, A, Zhelezow?, Z. Zhend, R. Zimmermant?, T. Zivko'7, A. Zoccol

hep-ex/0612024vl 12 Dec 2006

ar

INIKHEF, 1009 DB Amsterdam, The Netherlarids
2Department ECM, Faculty of Physics, University of BarceloB-08028 Barcelona, Spatn
3Institute for High Energy Physics, Beijing 100039, P.R.r&hi
4Institute of Engineering Physics, Tsinghua UniversityijiBg 100084, P.R. China
5Institut fur Physik, Humboldt-Universit zu Berlin, D-12489 Berlin, Germarfy
SDipartimento di Fisica dell’ Universi di Bologna and INFN Sezione di Bologna, 1-40126 Bologray It
"Department of Physics, University of Cincinnati, Cincitin®hio 45221, USA
8LIP Coimbra, P-3004-516 Coimbra, Portugél
9Niels Bohr Institutet, DK 2100 Copenhagen, Denmark
O|nstitut fur Physik, Universit Dortmund, D-44221 Dortmund, Germafy
1 Joint Institute for Nuclear Research Dubna, 141980 Dubnasédw region, Russia
12DESY, D-22603 Hamburg, Germany
I3Max-Planck-Institutifir Kernphysik, D-69117 Heidelberg, Germahy
14physikalisches Institut, Univerait Heidelberg, D-69120 Heidelberg, Germahy
5Department of Physics, University of Houston, Houston, TX0A, USA
16|nstitute for Nuclear Research, Ukrainian Academy of Sme03680 Kiev, Ukrainé
7], Stefan Institute, 1001 Ljubljana, Slovehia
8University of Ljubljana, 1001 Ljubljana, Slovenia


http://arxiv.org/abs/hep-ex/0612024v1

YUniversity of California, Los Angeles, CA 90024, USA
20Lehrstuhl tir Informatik V, Universiit Mannheim, D-68131 Mannheim, Germany
21University of Maribor, 2000 Maribor, Slovenia
22Institute of Theoretical and Experimental Physics, 117RE8cow, Russi&
ZMax-Planck-Instituttir Physik, Werner-Heisenberg-Institut, D-80805iMhen, Germany
24Dept. of Physics, University of Oslo, N-0316 Oslo, Norway
25Fachbereich Physik, Universit Rostock, D-18051 Rostock, Germany
26Fachbereich Physik, Universit Siegen, D-57068 Siegen, Germany
2TInstitute for Nuclear Research, INRNE-BAS, Sofia, Bulgaria
28Universiteit Utrecht/NIKHEF, 3584 CB Utrecht, The Netlaartis®
29DESY, D-15738 Zeuthen, Germany
30Physik-Institut, Universit Ziirich, CH-8057 Zirich, Switzerland®
3lvisitor from Dipartimento di Energetica dell’ Universiidi Firenze and INFN Sezione di Bologna, Italy
32visitor from P.N. Lebedev Physical Institute, 117924 Mes83333, Russia
33visitor from Moscow Physical Engineering Institute, 11948o0scow, Russia
34visitor from Moscow State University, 119899 Moscow, Russi
35visitor from Institute for High Energy Physics, Protvinajs3ia
36yisitor from High Energy Physics Institute, 380086 Thjli3korgia
fdeceased

Abstract

Thebb production cross section #i20 GeV proton-nucleus fixed target collisions is measured tsgoling double
muonic decays ob-flavoured hadrons in the kinematic regie.3 < zr(u) < 0.15. A total number of76 + 12 bb
events is obtained with a likelihood fit of the signal and lzackind simulated events to the data. The resulting cross
section iso,; = 16.2 £ 2.554¢ £ 2.85,s nb/mucleon, or, when combined with a previous HERA-B measurement
of similar precisiong,; = 15.4 + 1.7544¢ = L2gpoer + 19575 nb/nucleon, which is consistent with recent NLO

. SYs
calculations.



1 Introduction in the outer region [12, 13], and microstrip gaseous cham-
bers in the inner region [14], allow to track particles and to
The measurement of bottom production in fixed target Cm-easure their momenta from the bending thi& T-m ver-
lisions offers the possibility to test perturbative QCDhet tical magnetic field. A Cherenkov detectbr [15] is used for
near threshold energy regime, where the effect of higherr /) separation. An electromagnetic shashlik calorime-
order processes, such as soft gluon emission, has beentgal1g] serves for: and~ identification. At the rear of
culated [1] 2]. At first order, the production mechanism e detector, muons with momenta larger tﬁe(ae\/'/c are
the HERA-B energy {/s = 41.6 GeV) is dominated by tracked with triple stereo layers of gaseous tube chambers
gluon-gluon fusion gg — bb) [3]. interleaved with hadron absorbers[[17].

Three experimental results are published. Two are in- pouble muonich decays are searched for 164 - 106
consistent, even though they were obtained by similar @gents ofp-C, p-Ti and p-W interactions {.4 overlapped
periments searching fo/¢ [4] and semi-leptonic [5] de- interactions per event, in average) collected with a mul-
cays ofb-flavoured hadrons. HERA-B recently publisheflievel dilepton trigger[[18] in the2002-2003 data taking
the most accurate result based on a measuremehtiof period. The trigger is designed to select dilepton decays of
decays of thé-flavoured hadrons [6]. J /) mesons produced in the proton-nucleus collisions. By

In this paper, a measurement of #ileproduction cross applying dimuon selection criteria similar to those of ref-
section performed with atagging technique independenérence|([5], about46,000 promptJ /¢ mesons are recon-
from our previous measurement is presented. structed. With this event selection, double mudnitecays

After production,bb pairs hadronise and mostly decayre a tiny fraction of the surviving muon pairs (FigQie 1).
into c-flavoured hadrons. Sinéeflavoured and-flavoured

hadrons have a large probability to decay with the emiss

Y >
of a muon (“semi-muonic decay”)[[7], theh production 2
cross section is measured by searchingbfor uu + X 2 10 145,900+ 500 Jy
decay events, in which at least two of the four heavy que = 103 [
typically produced in &b event ¢, b, ¢, ¢) undergo semi- § ) — Uy Data e
muonic decays (“double muontcdecays”). 510 ¢ B 1 bb Monte Carlo *W""""'v"\s\w
The bb event selection is based on a pair of opposit
charged muons not coming from the primary interacti 10 §
vertex, having a large momentum transverse to the bea 1 ‘

2.5 3 3.5 4 4.5

invariant mass [GeV/cz]

2 Detector and data sample

HERA-B [8,[9] is a large acceptance forward spectromeEr . o .

. . gure 1. Invariant mass of opposite-sign muons after dimuon
installed at the)20 GeV proton storage ring of D_ESY' T_heselection (white histogram). Two peaks emerge above thie-bac
Feynmane (zr) of accepted muons from semi-muomic ground (/4 andy). The fit of theJ /¢ signal at3.097 GeV/c?
decays is between (.3 and0.15. The detector is used to(grey line) includes events in the radiative tail[19]. Theyhis-
reconstruct charged particle tracks produced in the ioteregram is a Monte Carlo simulation of double muohidecays
tions of the proton beam halo with wires of different matésee text for details).

rials (2C, *®Ti and '®*W), in several configuration$ [10]. _ o

Particles are tracked with a silicon microstrip detedtdij[1 "€ Systematic uncertainties due to the detector per-
whose first station (of) is a few centimeters from the tarformance and acceptance is reduced by normalisingline
get system and which extends approximatelgn further production cross section to the prondgt) cross section.
downstream. A primary vertex resolution &0 pm along

the beam and0 um in the perpendicular plane is achieved.

Up to 13 m downstream of the target, honeycomb chambers



3 Monte Carlo simulation The numberN,t~ is obtained with two methods lead-

) o ing to two determinations of thi production cross section
The acceptance and the reconstruction efficiencies are@gsctior7).

termined through Monte Carlo simulations of the physics
processes occurring in proton-nucleus interactions. &brb .
tom and charm production, PYTHIA 5.7 [20] is used. F&® Signal decay modes

bottom production, the predictions of NRQCD models are ) )
used, whileJ /4 production is tuned to match the: and The signal sample consists of events with two muons com-

pr distributions measured by other experiments. The frdgd from semi-muonic decays of heavy quarks. Four heavy
mentation process is simulated by JETSET 7.2 [20]. THuaks are typically produced int event 6, b, ¢, ).
energy left from the hard scattering is used by FRITIGpEPENdIng on the type of hadrons decaying in the semi-
[21] to simulate the underlying inelastic event. The r8uonic mode#d, be+be, be+be or ce), four classes k) of
sponse of the detector is simulated by GEANT 321 [28{9nal events are defined [25] (Table 1).

See, for more detalils, reference [6].

Class| Decaying hadrong Branching ratio| ¢
B1 bb 0.0084 0.187

4 Measurement method s betiic 00160 0
Thebb production cross section can be expressed as B3 be+be 0.0156 0.742
B4 cc 0.0081 0.315

Nt~Acy,4BR
o = bb T_p I/ 1#’ Table 1. Branching ratios and charge factér¢see text for de-
ng tails) of four classes of double muorticlecays. The branching
ratios are correlated and are affected by a relative uringrtaf

10%. The relative uncertainty ofhis less than %.

whererJlg‘ is the total number of double muoriicdecays
inour ™~ sample Aoy, = 417 & 37 nb/nucleon [23]
is the prompt] /4> production cross section in the detector  For each class, the branching ratio for dimuon decays is

acceptance«0.35 < xF(J/w+) < 0.15) and BRy;, is the ghtained from the branching ratios for semi-muohiand
branching ratio forJ /¢) — 1" p~ decays §.88 4 0.10%) . decays reported in the PDG [7]. The fraction of decays

[7]. The termX:~ is defined as into same-sign muong 11t) is given by a charge facteér,
1-0 being the fraction of decays into opposite-sign muons
S BRp; (1 — )t~ (/_ﬁ;r)_. The valu_e of) is determined through Mont_e _Carlo
Xt = ZNJ/W.AZP@ J bb.gii simulations and includes the effect B and Bs mixing
i €I/ and all possible decay paths leading to muon pairs.

A fifth class, which is not included above, must be also
considered. Events in which™y~ pairs originate from
§ouble muonic decay afc pairs fromb — ces + X de-
cays represerit 5% of the total signal events. These events
are assigned to the clag2, which exhibits a similar fi-
Ral state. The systematic uncertainty corresponding $o thi
choice is included in the branching ratio BR— ccs + X).

where the index runs overl4 different target configura-
tions. The index refers to the different ways to generat
dimuons via semileptonié or b — ¢ decays (Sectiohl5)
having different branching ratios (Bf) and reconstruc-
tion efficiency é;%_” the superscript indicates the dimuo
charge). The charge factofig gives the fraction of result-

ing same-sign muons (Tabllé 1);,; is the number of £y ents with more than two muons might fall into more

J /4 mesons reconstructed with efficiency;,, ;, A is the a1 one class. In order to avoid multiple counting of signal
atomic weight of the target and = 0.96 + 0.01 [24]isthe g\ ents; the calculated branching ratios in Table 1 include
J /4 nuclear suppression in the central region. Nuclear e probability that-flavoured and-flavoured hadrons do
effects are expected to be negligible for open bottom ag¢t gecay into muons, and events are assigned to classes

open charm production. with a priority given by the order of classes in Table 1.



6 Background contributions Assuming that the combinatorial background in the two
final states has a similar shape, the number of events are

The main background fobb event selection is made oformalised with respect to the upstream side and the com-

events having two muon-like tracks not coming from thgnatorial background in thet .~ channel is estimated as

primary interaction vertex. Two sources of this type afRe difference between the numberlo'jf-lu pairs in data
considered: double muonic decaysceflavoured hadrons (Nii) and those expected from double muohidecays

and random combinations of muons from decay of Iqwthe same channe

mass mesons (mainly pions and kaons). The latter back- b

ground is referred to as “combinatorial background”. Nt— — NEE _ NEE
The Monte Carlo simulation shows that a cut around _ _ _
the J/y» mass (betweeR.95 GeV/c? and3.25 GeV/c?) re- N,;~ is obtained from Monte Carlo simulations, under

moves background events frdm— J /¢ + X decays and the assumption that,; = 15 nb/nucleon, with the formula
promptJ /¢ decays. Thel/¢» mass region is excluded to

o . NEE — O X EE
be also statistically independent from the measurement of bb Aoy yBRy, 0
bb production cross section inl[6], whekevents are iden- iy
tified with J /4 decays of thé-flavoured hadrons. where the termi ;= is defined as
Muons from Drell-Yan events are at led$ttimes less
abundant than the combinatorial background in the invari- . .2 BREjbj
ant mass region of intere$t [26]. X = Z Nyjpid; =

6 .
The number of background events from double muonic 1

c decays [V, ") is determined through a Monte Carlo sim-  The termsbb indicates the reconstruction efficiency

ulation normalised to the number of prompty) mesons ¢4, qouble muonld) decays intqu* it
reconstructed in the data. It can be expressed as

Ni— = _9«BRe o 7 Data analysis
AO'J/w BRJ/w

Two methods have been used to estimate the number of

events frombb decay. A first method, which is used to ob-

tain our final results, is described in Section 7.3 and a sec-

ond method, which is used as a cross-check, is described

I—a 5ccz in Section_7.#. With one exception (discussed below), the
cc - Z NJ/qp ZA . . . .
€3/psi choice of cuts used in both methods is the same. Initial

muon selection cuts are given in Sectionl 7.1 and the pro-

The terme,.,; is thebb selection efficiency for doubleceqyre for optimizing the final cuts is described in Section
muonicc decay events in the target configuration

The combinatorial background in the"n.~ channel  The selection obb decay events begins by requiring

+-Y i ith £+
(Neo ) is determined with:™ ™ data. that the events have at least two muons.
Muons from double muonikdecays do not come from

the same decay vertex. However, the forward boost mﬂx;cl Muon selection

target collisions is such that tracks coming from two long

lived particle decays are almost as close as those or@yifirst general muon selection is performed by requiring
nating from a single particle decay. In double muohica high-quality reconstructed triggered track having a mo-
decays, the middle point of the segment of minimum distentum betweefi and200 GeV/c, a minimum transverse
tance between the two muongn{d) is preferentially lo- momentum f7) of 0.7 GeV/c and a minimumy? proba-
cated downstream of the target, while the region upstrehitity of the track fit (°,) of 0.003. The muon likelihood

of the target is dominated by combinatorial background,[20], as measured in the muon detector, must be greater
both u* .~ andp™p* channels. than0.05.

whereo .z is the charm cross sectidn [27PE5 pb/mucleon
[28]), BR.: = BR(c — p+ X)* = (0.082 = 0.005)2 [7],
and the termX; is defined as



7.2 Cut optimisation |Az| < 5cm andm < 8 GeV/c?. The optimisation of the

. . last three cuts (lower limits gmy, Ip andAz) is performed
Both muons of an event are required to have a minimpgm _. ( b 2)isp
simultaneously.

of 1 GeV/c and a minimum impact parameter to the target The optimisation procedure fd results in thebb se-

(.Ip) of 150 (wherea_|s the]? resolution). Thelp is de- lection criteria listed in Tablgl2, where the number of sur-
fined as the perpendicular distance between the target wire

) " viving 1+~ andu® T pairs in the data, at each selection
and the point on the track extrapolated to thposition of grH A .
. . . . . step, are also shown. After applying all cuts, the number of
the target. The dimuon invariant mass)(is required to be

remaining dimuon candidates is
at least2 GeV/c?. g

The optimalbb selection criteria are found by maximis-

: : o " . N~ =167 £ 1344
ing the signal significancd, which is defined as i 07+ 13star

+_
N

S = : Cut N~ | NI
\/Nljg__ + NE™ + Neb~ High quality muon pairs | 1051593 | 739947

pr > 1GeV/e, Ip > 1.50 | 34745 22359

m € [2,8] GeV/c2, noJ /v | 23560 | 19254

The number of signal eventéfg-)‘), which consists of
oppositely charged muons, is obtained from Monte Carlo

. : . B ) Upper limits 23406 19129
simulations, under the assumption thgf = 15 nb/nucleon: P> 0.04, L, < 0.9 16750 13968
Nt — Thp - Ip > 4o 582 402
b AO’J/wBRJ/w bb Az >0.4cm 167 100

The formulae used to estimate the number of bacgpe 2 Double muonia decay selection and surviving
ground events .-~ and N ~) have been presented imind;*,* pairs in the data obtained from cut optimisation.
Sectior 6.

A large fraction of combinatorial background consists In the main measurement method, the cut is relaxed
of muonic decays of kaons and pions. Since the angle e0.2 cm (see Section 7.3). For this cut value, the result-
tween the emitted muon and the decaying particle (kaorift numbers of opposite-sign and same-sign muons:ire
pion) is small, such a background is suppressed by incre2zd 117, respectively.
ing the lower limit onP, . The invariant mass distribution of dimuon events sur-

An upper limit on the kaon likelihoodI{(,) [30], as Viving the bb selection is shown in Figuifg 2 (the invariant
measured in the Cherenkov detector, suppresses muon @@ss cut on thé/« is removed for illustrative purposes).
didates from kaon decays.

A lower limit on p7 suppresses muons from low masg.3 Cross section determination

particle decays, since they are expected to have a smaller _ _
pr than those fronb decays In the main measurement method, the numbémnafecay

; N _ e _
A lower limit on Ip discriminates muons originatingEVENts I the datal\(;™) is obtained from a likelihood fit

in b decays from background muons. Since ipés corre- to the data of the simulates andp distr_ibutio_ns _Of ?‘9' .
lated with the lifetime of the decaying patrticle, and theif nal and backgrOl_md ev_ents. The selgctlon criteria I|st§d_|n
time of b-flavoured hadrons is larger than thatefavoured Table[2 are applied, with the exception of the lower limit

hadrons, the impact parameter cut suppresses open ctfihn = Which is decreased @2 cm. The number of sur-
background. viving .+~ pairs becomes

In order to suppress background in the proximity of the
target, a lower limit on the difference between thed and
the target positions along theaxis (Az) is applied. The selection or\z is relaxed because the likelihood

Unphysical events are suppressed by the requirem@nises more information than that used in the cut opti-
of the following upper limits: Ip < 500, pr < 5 GeV/e, misation. The likelihood fit is also sensitive to the shapes

N =225 4154



The result of the likelihood fit performed by minimis-

o 7
S 40 Y . . : i -
é VY% ing the quantity—2log L is shown in Figur€I3. The mini-
X . .
2 3 W J*y Data mum is obtained when, = 76 £+ 12 andn; = 149 £ 15,
3 v — . - . .
§ 7 which corresponds to thgé production Cross section:
7 + o+
i B e
4 i X
g 20 7 oy = 16.2 + 2.544; nb/nucleon
= V4 bb : “Ostat :
i V4
7
7
7
Z - 7
2 00
bt & < 3 000
2 3 4 S 6 N
invariant mass [GeV/¢] Co
i ; T ; ; i 000
Figure 2. Dimuon invariant mass afté selection. Events in bb - py + X decays 000
theJ /¢ mass region (.95, 3.25] GeV/c?), which is highlighted 1K U
in the picture, are mostly due to— J/v¢ + X decays. Since X 00
they are used in a different analysis [6], they are removed. 0 22, 47 447
‘ ‘ % e
5 10 15 20

of signal and background distributions, while the cut ¢

R . o,z [Nb/nucleon]
timisation only uses the number of signal and backgrouiu

events SngIylng the Sel_eCt'_on' ] Figure 3. Dependence of2Alog L = —2(log L — log Lyyin)
The likelihood function is defined as ona,;, whereL is the likelihood ofbth — uu + X decays. An
increase of one unit on the vertical axis correspondslio zari-
ation of o;.

ng + ny)e”stm) Lo S P4 ny P
L(ng,my) = ( b)" H< b b> '

7.4 Cross-check by a counting method
The product index runs over then (= NJr ) selected

dimuon events, the exponential term accounts for PoisdBrt Mmeasurement method based on event countifig,

fluctuations of signal and background, (= N, bB ~)andn, IS obtained by subtracting all possible background events

+ _ . .. 7 .
(= N~ + N:-) are fit parameters representing the nurﬂ-om the number of,™ i~ pairs surviving thehb selection

ber of signal and background eventgih,— data, P, and 'Sted in Tablé 2 V.~

P, are the products of thép andpy probability distribu-

tions of the two muons for signal and background events, Nt = Nt— — NE— — (NEE — N+

as obtained from the Monte Carlo simulations|[25]: bb s e e b 7

Assuming that the reconstruction efficiency tf de-

cays intoutu~ is equal to that intqu* ;. F, fioir each decay
o

class in each target configuration; ; = ¢,; i = Cbbi

P, =C- (RSPB1 + PB)() and
Pb:Cb'(Rché+Pco)'

The signal probability £;) is the sum of probabilities  nic s true to within a few percent, thé productlon
from decays of clas$31 (Pp1), B2, B3 and B4 (Ppx) cross section can be written as

with ratio R = 1. The background probability},) is ob-
tained by adding the probability for charm and combina-

torial events {x; and Pr,) with 1, = 0.2. The probabil- (N~ — Nii") A0y/yBRyjy — 0ecBRecXee
ity ratios R, and R, are determined through Monte Carlo “t> — Xy ’
simulations. Constant factoré’{ andC;) are used to nor- o

malise the total probability to unity. where the termX; is given by



ated. Those which are due to event selection are defined as

- Zj BRp; (1 — 29]')5111_),3',2‘ the maX|m_um varlf_:ltlon obbg,_ dlv_lded b)_/\/ 1_2, obta_uned
X = ZNJ/W-AZ- — . when varying crucial quantities in the likelihood fit, such
i I/ as the impact parameter cutpj and the assumptions on

The number of dimuon events surviving thieselec- Signal and background compositioR(and 1%;). The Ip
tionareN+*— = 167 & 13 andN** — 100 &+ 10. The sim- Cut is varied between and6o, R in the range().5, 2] and
o o :

ulated charm background 1§51~ = 11.7 4+ 0.9, while the Ry in the range(, 0.4] (Figurel4).
number of simulatedb decays into same-sign muons a-~

N+ =23+7. The resulting number ofb decays into g >

opposite-sign muons 8,5~ = 78 + 23 (the uncertainty g 40

takes into account the correlation betwegh~ andN,;*). 2 ——R=1,R,=0.2
The result of the event counting method is theross o8 30

sectiono,; = 18.2 & 5.4, nb/nucleon. 20+—+—

Compared to the result of the likelihood fit, the st g . PEES S
tistical uncertainty is increased. This is due to the fi 10t
that the cross section is proportional to the difference
tween two numbers having a large statistical uncertai 0
(N5~ o< Njim — Ni2iF), while, in the previous method

m
Nb};‘ is obtained fromu ™~ data only. However, for the

likelihood fit, the selection criteria are relaxed, Which-ir‘q:igure 4. Dependence of théb production cross section on
plies that the selecteld events contain a larger fraction ofhe muon impact parameter cut. The band represents the vari-
background. The advantage is that the likelihood fit taket#on of cross section due to a change of the expected sigdal a
into account also the shapes of the signal and backgrobagkground composition{; and i) in the ranges([.5, 2] and
distributions. [0, 0.4], Respectively.

The likelihood fit is used to estimate the numbebbf o ) _ )
events in the data, while the event counting method serves ' OF Cut optimisation (Sectidn 7.2) b cross section of

to estimate the systematic uncertainty associated with JRgb/nucleon is assumed. Since a variation of the value
measurement method chosen foro,; might result in a different event selection,

the systematic uncertainty due to the assumptioa,gns
) ) included in the effect of cut variation.
8 Systematic uncertainty The systematic effect due to the measurement method

is 6%. This effect is estimated by determining; with the

Many systematic uncertainties on the measurement g, methods described in Sectign 7 on the events surviving
sented in this paper are similar to those reported in refgfa , selection (Tablgl2).

ence [6], where the reader can find a detailed discussionTpe systematic effect due to the assignment of a prior-
of detector and trigger simulatigns, models used to sir_‘q@,to the classes of double muoriticlecays is negligible.
late b-flavoured hadron production and decay, production assuming that all uncertainties listed in Table 3 are in-

of J/¢ mesons, fluctuations of the proton-nucleus imeraffépendent, the total systematic uncertaintysiz.
tion rate, beam position and shape.

The reconstruction efficiency and the production cross .
section ofJ /4 mesons are determined assuming no pol&- Conclusions

isation. The systematic uncertainty associated Wit _ ) )
production includes the effect of a polarization consistef€b0 production cross section #i20 GeV proton-nucleus

with the limits provided by other experiments [31] 82, 33jxed target collisions has been measured by using double
The contributions specifically affecting thecross sec- muonic b-flavoured hadron decays. The measurement is

tion measurement from double muonidecays are evaly-Performed with a likelihood fit of the simulated kinemati-

2 3 4 5 6

impact parameter cut [o]
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Systematic effe_'ct _ _ Uncertainty = - E789 (b J/p + X) -
Detector and trigger simulation 5% 3 ——— E771 (bD -+ X)

JZ1/J prOdUCtion models 2.5% S 102 || —8—— HERA-B (b — J/y + X and bb - ppt + X)

bb production and decay models 5% 5

b lifetime 1% =

Proton-nucleus interaction rate 1% o

Beam characteristics 0.5%

AO’J/w 89%

BR(J/¢) — putu™) 1.7% Kidonakis et al. (2004)

J /1 nuclear suppressiom) % Bonciani et al. (2002)

J /1 event counting 0.3% ‘ ‘ ‘ ‘ ‘
Efficiency determination 2.0% 600 700 800 900 1000
Charge factorq) 0.3% Proton Beam Energy [GeV]
BR(b — p+ X) 3.5%

BR(c — p+ X) 3.2% Figure 5. Cross section fobb production as a function of the
BR(b — cés + X) 5.5% proton energy in fixe_d target collisions. The prediction8oh-
Ip 5% ciani et al. [1] z_;m(_j K|d0nak|sgt al. [2]] are shown. The _theo-
R, and R, ratios 6% rgtlcal uncertal_ntle_s are obtained by changing the renlisara
Measurement method 6% tion and factorisation scales and thenass. The HERA-B re-

sult, which is based on a combined analysid of> J/¢ + X
Total 18% andbb — pp + X decays, is consistent with the theoretical pre-

] ] ) dictions. The results of the lower energy Fermilab expenise
Table 3. List of systematic effects in the measurementgf. (E771[5] and E78S[4]) are also shown.

The first six contributions are evaluated in reference [6].

Acknowl men
cal distributions of the signal and background events to thg owledgments
HERA-B dimuon data. The result is We thank F. Ferrolini for many stimulating discussions. We

express our gratitude to the DESY laboratory and accel-
erator group for their strong support since the conception
of the HERA-B experiment. The HERA-B experiment

The result is consistent with our previous measurem&ffuld not have been possible without the enormous effort
oy = 14.9 £ 2.2, & 2.4, nbjnucleon [6], which was and commitment of our technical and administrative staff.

oy = 16.2 £ 2.5544¢ + 2.8,y nb/nucleon.

performed on a statistically independent set of eventsh Bot
measurements are normalized to the prothfat produc- References
tion cross section.
The combined result of the two HERA-B measurelll R.Boncianietal, Nucl. PhysB529(1998) 424.
ments, accounting for the correlation between their systerp] N. Kidonakis and R. Vogt, Eur. Phys. 336 (2004) 201.

atic uncertainties, is [3] N. Kidonakiset al, Phys. RevD64(2001) 114001,
[4] D. M. Janseret al, Phys. Rev. Lett74(1995) 3118.
Opp = 15.4 £ 1750 + 1.26, ™ £ 1.9GC" nbnucleon, 5] 1. Alexopouloset al, Phys. Rev. Lett32 (1999) 41.

which is consistent with the latest QCD predictions of Bonl6] I Abt etal, Phys. RevD73(2006) 052005.
ciani et al. [1] and Kidonakiset al. [2] based on NLO cal- [7] W.-M. Yaoet al, J. PhysG33(2006) 1.
culations and resummation of soft gluons (Fidure 5). [8] T. Lohseet al, DESY-PRC 94/02.

[9] E. Hartouniet al, DESY-PRC 95/01.



[10] K. Ehretet al, Nucl. Instrum. MethA446 (2000) 190.
[11] C. Baueret al, Nucl. Instrum. MethA501 (2003) 39.
[12] H. Albrechtet al, Nucl. Instrum. MethA541 (2005) 610.
[13] H. Albrechtet al,, Nucl. Instrum. MethA555 (2005) 310.
[14] Y. Bagaturieet al,, Nucl. Instrum. MethA490(2002) 223.
[15] I. Arifio et al,, Nucl. Instrum. MethA516 (2004) 445.
[16] G. Avoniet al, Nucl. Instrum. MethA461 (2001) 332.
[17] A. Arefievet al, IEEE Trans. Nucl. Sc48(2001) 1059.
[18] V. Balaguraet al., Nucl. Instrum. MethA494 (2002) 526.
[19] A. Spiridonov, hep-ex/0510076 (unpublished).

[20] T. Sjostrand, Comput. Phys. Comm@&2.(1994) 74.

[21] H. Pi, Comput. Phys. Commuril (1992) 173.

[22] R. Brunet al, Internal report CERN DD/EE/84-1 .

[23] F. Maltoniet al, Phys. LettB638(2006) 202.

[24] M. J. Leitchet al,, Phys. Rev. Lett34 (2000) 3256.

[25] A. Sbrizzi, Ph.D. thesis, NIKHEF, Amsterdam, 2006.
[26] 1. Abt et al, Phys. LettB638(2006) 13.

[27] C. Lourenco and H. K. Wohri, Phys. Reg83(2006) 127.
[28] C. Lourenco and H. K. Wohriprivate communication
[29] M. Titov, Nucl. Instrum. MethA446 (2000) 355.

[30] M. Staricet al,, Nucl. Instrum. MethA433(1999) 279.
[31] T. Alexopouloset al, Phys. RevD55 (1997) 3927.

[32] A. Gribushinet al,, Phys. RevD62 (2000) 012001.

[33] T. H. Changet al,, Phys. Rev. Lett91 (2003) 211801.

10



	Introduction
	Detector and data sample
	Monte Carlo simulation
	Measurement method
	Signal decay modes 
	Background contributions 
	Data analysis 
	Muon selection 
	Cut optimisation 
	Cross section determination 
	Cross-check by a counting method 

	Systematic uncertainty
	Conclusions

