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HERA-B is a fixed-target multi-particle spectrometer experiment aO2@GeV HERA proton

beam at DESY. Approximately 150 million events were recorded with a dilepton trigger during
the 2002/2003 HERA run. About 300,000 leptodjay — I*1~ decays (170,000 in thgtu~
channel and 130,000 in tlege™ channel) have been reconstructed in this data sample. In addi-
tion, a huge sample of 220 milion minimum biased triggered events were recorded, allowing an
independent measurement of they production cross section.

The dilepton triggered samples allow for the first time the study of charmonium production in the
negative Feynmawr{xg) region, and will provide an important input for testing the charmonium
production mechanism. Results will be presented on the nuclear dependence of charmonium
production, onl/ Y, xc andy’ production and on their differential distributions. Furthermore, the
first measurement of the nuclear suppression of charmonium production in the nggaigeon

will be presented.

In the field ofb-quark physics, the available statistics allows a precise measurement of the inclu-
sivebb and of theY production cross sections. Thb production has been tagged via inclusive
b-quark decays into &/, by exploiting the longitudinal separation &f — |1~ decay ver-

tices from the primary proton-nucleus interaction. Mproduction cross sections, as measured
directly in dimuon and dielectron decay channels, will also be presented.

All results presented in this proceedings are preliminary.
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Figure 1: J/y production signal in the invariant mass spectra for both decay channels of triggered data anc
the determination of thé/y reference cross section using minimum biased data from HBERAd result
from other experiments.

1. Introduction

In the data taking period of 2002/2003 HER3\Wwas routinely running and collectdd4- 1P
events applying a dileptod/ —trigger. HERAB is able to reconstruct the decaysbfy, ¢/,

Xc or Y either in theu™ u~ or in thee™e™ decay channel. In Fidl theJ/y andy/ peaks in the
invariant mass spectra of the whole data sample are shown, corresponding to a total statistics
N(J/¢@) ~ 300000andN(y') ~ 5'000for both decay channels. The availability of both channels
is, besides the increase of statistics, crucial to cross check the results.

The target wires, close to t820 GeVproton beam of HERA, are made of different materials
(Carbon, Tungsten or Titanium) which can be used simultaneously to perform measurements
the dependence on the atomic mass nundband to control systematic effects. This enables a
measurement of the nuclear dependence ofJfhle-production by using two wires of different
materials in parallel. In order to minimize the sensitivity to systematic effects from luminosity anc
Monte Carlo (MC) efficiency determination, all cross section measurements are performed relati
to theJ/y production cross section. In the ratio of cross sections, the luminosity dependenc
and common systematic effects in the efficiency cancel out. To determine the reference value
opn(J/ ) at the HERAB energy, a global analysis has been performed on all publi3fgdross
section measurements including the measurement of HER#ing a sample d.3- 108 minimum
bias triggered events, which are independent fromJthg triggered datal] (Fig. 1, right). The
best value, obtained from a fit @z / (1/S) with the help of a non relativistic QCD model including
color octet (NRQCD), is

0;/4(v/s=416GeV) = (501+44) nb/nucleon (1.1)

at the energy of HERAB of \/s=416GeV. This value will be used for all further analyses as
reference cross section.

2. Charmonium Production

The nuclear dependence of thay production can be measured with low systematic uncer-
tainty by using two different targets with different materials (carbon and tungsten) simultaneousl
1 NO/Ww  Ze &

o(pA— J/YX) =A% -g(pN — J/PYX) = a:In(AWﬁAC)'In( NEO S EW) (2.1)
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Figure 2: First measurement of the nuclear dependemdr the negativess region, thexc — J/yy recon-
struction using the mass different® and comparison of the production ratiy, to various models.

A possible suppression of tlgy production by nuclear effect leadsdo< 1. HERA-B is the first
fixed target experiment covering the region of negative Feynmgrp— #:;W) in the range of
xe € [—0.35,0.15]. The negatives region corresponds to small forward momenta of the produced
cc pair corresponding to a formation of td¢y inside the nucleus. The measurement of HERA-
is compatible with a constant small suppression it 0.969+ 0.003a:+ 0.021sys (Fig. 2, left).
This is in good agreement with the theoretical predicti@js [

Beside thel/y, a clear peak of thg/’ state is detected M ~ 3.7GeV/c? (Fig. 1). The study
of the ¢/ to J/¢ production ratio in proton nucleus interactions is a good framework to compare
the existing models of charmonium production and of charmonium absorption in nuclear matte

The ratio is given by

_ BR(L»U/ - |+|7) ) U(QU/) _ NLIJ/ . &y (2.2)
BR(J/L'UHIJFI*)O'J/,’U NJ/‘.U Sw/

First preliminary results from thg channel giveRy = (1.797+ 0.068stat3- 0.03Qys) %. The mea-
surements have also been done individually for the various target materials lead@)te-
(1.664+ 0.068sta1t 0.030sys) % (Carbon A= 12.01, 65 %of total statistics), an&(W) = (1.584+
0.113ta+ 0.02%ys) % (Tungsten A = 18385, 31 % of total statistics). These results are in good
agreement with previous measurements from other experiments.

A measurement of the production ratio yfto theJ/( production is an other important tool
to discriminate between different model B, 4, 5] for quarkonium production. HERA has
access to these states via the radiative decay chgpreld/yy — |71~y selecting thex. using
the mass differencAM = M(I71~y) — M(I"17). The background is determined by event mixing
and subtracted from the spectrum, leading to the losMrdistribution in the middle of Fig2.
Using a signal description consisting of two Gaussian the two sjateend xc, can be separated
in the u-decay channel. The production raRg,

Ry

Ry, = 5710(PA— Xoi) BRXci = J/Wy) _ Ny, &y 1 2.3)

¢ o(pA—J/Y) Ny & &

has found to bdr,, = 0.214 0.05s4¢ Using the data from thg-channel only. This ratio can be
used to test various QCD models for charmonium formation. As can been seen2ritégColor
Singlet Model (CSM) is disfavored with respect to the NRQCD model.
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Figure 3: TheY signals in the muon and electron decay channel. The cross section measurement is cot
pared to the Craigie parameterization (lin€7]] and to an NLO calculation (dotted line1[)]).
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3. Beauty Production

The Y production cross section is determined, as in the cagg ahd they’, by comparing
the relative yields o andJ/y production with subsequent normalization to the kndwgy cross
section (Eql.1), again using both leptonic decay channels (B)g.

_, do _ Ny &/ 1
BRY —IT17). — —BRY = I1T17)-gy - 1 Y
(Y—1717) dy(Y) o RY —1717)- 03y Nosy &v Oer

(3.1)

Here, the efficiencies are determined from MC simulations af\gL« is the coefficient relating the

full and the differentialy” production cross section at mid rapidity= 0 via 0 = Ayerdo/dy]y—o.

The signal determination in the invariant mass spectra @igses a Gaussian shape for signal
description and a combination of combinatorial background (dotted lines) and Drell-Yan (dashe
lines) for the background shape. The relative production fractiof{ ©) : Y(2S) : Y(39) is fixed

at the values measured by E60.[ The measurements in the electron and muon channel are
compatible and lead to a combined result of

BRYY —1117)- doy - _ (4.741.1) pb/nucleon (3.2)
dy y=0

In Fig. 3 the HERAB measurement is compared with results of previous experiments and founu
to be in good agreement. All measurements are fitted using the Craigie parametefizaf®pe-
0o - exp(—my/+/S) and yieldingagy = (182+ 21) pb/nucleonandmy = (167+4) GeV [7].

The bb production cross section is also measured relative to prdryptproduction cross
section using the inclusive — J/@X decay channel to tag theflavored events. Within the
HERA-B acceptance, thib cross section ratio is:

~ Aoy BRbb— J/X)-3in

2 (3.3)
I

’ ) gli?' SiAzbl;' o
whereny; is the total number od /( events with a detached vertex found in the accepta@%,
&R ande'AzybG are, respectively, the number of prondgty decays, thd to promptJd/( selection
efficiency ratios and the detached vertex selection efficiencies measured on the subsakeple
with a target of the atomic weigt#. Thebb cross section in full phase space is then evaluated as
o(bb) = Rag -0y g/ fop, Wherefyp = (90.6+£0.5) % is the fraction of) /¢ mesons fronb decays

in the HERAB acceptance range. Thehadrons decaying intd/y are selected from the large

background ofi/y mesons produced directly at the target by exploitingattietime in a detached
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Figure 4: Beauty selection at HERB: the invariant mass versus the proper time measured by the decay
length, the life time measurement and the comparison of the inclusive cross section measurertiah)t of
to theoretical models and other experiments.

vertex analysis making use of the average decay leng@6@d.im and the vertex resolution of the
Silicon Vertex Detector o450um. The life time measurement of the detached candidates is a cleau
signature for théd flavor origin of the decay. In Figl the scatter plot of the dilepton mass versus
the proper time and the proper-time of the detachagl events are shown. The mean life time of

T =(1.394+0.16) ps is in good agreement to the expected valudfoadrons.

The totalbb production cross section analysis has been done separately for both decay che
nels and the results are combined by a joint unbinned maximum likelihood fit Baina@s free
parameter providing the final value By = 0.0324 0.005stt+ 0.004ys [12]. To compare the
result to other experiments and theoretical prediction, the ratio has been extrapolated to the f
phase space and the refereigg, cross section (EdL.1) was used:

o(bb) = (14.9 £ 2. 241+ 2.4sys) Nb/nucleon (3.4)

This result, based on 83 well selectedvents, can be compared with the available measurements
obtained inpAu (E789) B] and pSi (E771) B] at 800GeV proton momentum (Fid, right). After
correction for the different CMS energiekl], the result of HERAB is consistent withil.8o .
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