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1 Introduction

In January 1998 the NA49 collaboration submitted a detaigdrt [1] to the SPS com-
mittee, presenting the status and future programme of th&Nperiment.

This report advocated a comprehensive and consistent sfidgronic interactions with
the NA49 detector, ranging from the elementary hadron+garcprocesses via hadron+nucleus
interactions with controlled centrality, to heavy ion @gilbns at a variety of nuclear masses and
energies.

One of the main motivations for this programme was and is gpagent experimental
difficulty to demonstrate the expected transition to a neatestf hadronic matter, the Quark
Gluon Plasma (QGP), in A+A collisions at the SPS. Althoughimhber of suggestive signatures
have been observed in the corresponding hadronic and lepimal states [2], a convincing and
exclusive proof of their origin from QGP formation is stidldking.

This tantalizing situation has its origin both in the instint experimental exploration
of the soft hadronic sector in general, and in the evidenbrétecal difficulties in handling
non-perturbative phenomena in the framework of QCD [3].

The NA49 experimental programme is expected to lead to afignt improvement of
understanding of strong interactions. In particular, tgpdthesis of QGP production can be
confirmed (or falsified) by searching for the phase transitiegion at low collision energy
and low masses of colliding nuclei. The relevant obsensbged in this search are pion and
strangeness yields, properties of the expansion of thersysteasured by the hadronic spectra
and two particle correlations, and event-by-event fluobmast

During the past year the NA49 collaboration has vigorouslysped its experimental
programme. New data with Pb ions at reduced energy (a moelstsample so far) and with
secondary ion beams have been obtained. New detector cemigdmave been added to the
existing detector layout in connection with developmentstfie ALICE detector. Progress in
data analysis and interpretation, notably concerningghartentification, now allows a detailed
comparison of data sets over the full range of hadronicactésns available at the SPS [4].

The present addendum contains in section 2 a report on th@rangxperimental devel-
opments. Section 3 offers examples of ongoing physics aisalywith emphasis on the unique
coverage of different hadronic interactions by the NA4%dgdr. An update of the NA49 beam
requests for the years 1999 and 2000 is presented in sect®ection 5 outlines plans for a
physics programme beyond the year 2000.



2 Experimental Developments
2.1 Secondary lon Beams

The final states of central collisions of heavy nuclei andlemrc+nucleon interactions
differ substantially. It is therefore crucial for an undarging of the origin of the observed
differences to study their development with increasing sizthe colliding nuclei. Therefore
we have chosen to devote part of our 1998 Pb run time to an iexpetal investigation of
12C+2C and?®Si+**Si collisions.

This programme was made possible through the generatiosexfandary fragmentation
beam which was produced by a primary target (1 cm carbonkiettracted Pb—beam approxi-
mately 30 m downstream of the H2/H4 splitter. With the beara thomentum set to 316 GeV/c
a large fraction of allZ/A = 1/2 fragments was transported to the NA49 experiment. Online
selection based on a pulse height measurement in a s¢otileam counter was used to select
particles withZ = 6 (Carbon) andZ = 13, 14, 15 (Al, Si, P). Offline cleanup is achieved by
using in addition the energy loss measured in 6 MWPCs whiaih mleasure the beam position
(BPDs). The resolution of the combined pulse height measein¢ can be deduced from the
pulse height spectrum shown in Fig. 1. A cleéaseparation is achieved all the way from Boron
to Phosphorous.

During a period of 14 days 500 k C+C and 400 k (Al,Si,P)+Si évevere recorded. A
first look at the multiplicity of the produced charged pddsc(vertex tracks) as function of the
forward going energy Eveto in spectator fragments is gindrig). 2. One finds that in the most
central collisions in C+C (Si+Si) the averaged multiplyof accepted charged particles reaches
70 (150) as compared to about 900 in central Pb+Pb collisibh58 AGeV.

2.2 40 AGeV Central Pb+Pb Collisions

At the end of the 1998 Pb—beam physics period the extracfidd é&-GeV Pb-ions was
setup inan SPS machine development run. The H2 beam lineeddeam for about 24 hours,
during which NA49 recorded about 30k central Pb+Pb colfisidn order to keep the accep-
tance of the detector similar to the full energy runs, the medig field in the Vertex Magnets
was reduced to 1/4. A preliminary plot of the uncorrectedrgbd particle event multiplicity
(vertex tracks) versus the energy of the spectator beaneonglis shown in Fig. 3.

2.3 Forward TPC

During the 1998 heavy ion run a new small Time Projection Obenrthe forward TPC
was added to the tracking detectors of NA49 [1]. This TPCesthie double purpose of testing
new detector and electronics concepts for the proposed BIEC in a realistic high track—
density environment, and to improve the forward acceptahb#49 in the region ofc > 0.6.
This new TPC as well as the corresponding new front—end agitizdition electronics have been
successfully operated and integrated, via a newly devdl@pgital Data Link, into the NA49
data acquisition system.

2.4 PesTOF Detector

A set of seven PesTOF detectors was for the first time testédeirnigh multiplicity
environment of central Pb+Pb collisions. 40 k events weoended at detector voltages of
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4.5 kV and at 4.75 kV, respectively and about 3 k events at 8.0rkaddition for about 20 k
events the main gas mixture component Argon was replaceddmn NA sizable fraction of
the events had more than one hit per counter. The acquirédtisgashould be sufficient to
determine the time and position resolution as a functiorcofipancy, HV, and gas composition.
Fig. 4 shows the 2—dimensional position distribution o it the counter array for a selected
event.

2.5 Status of Computer Facilities

Over the past five years the NA49 collaboration, faced witia dalumes of tens of ter-
abytes each year, has developed and deployed original aiatkiing packages like DSPACK [5]
and ROOT [6] which have subsequently been adopted and ustad yider HEP community.
In order to keep up with 50 TByte of raw and reconstructed dathered so far, the migra-
tion from an expensive workstation based computing enwivemt to a relatively cheap and cost
effective PC architecture was accomplished in 1998. Thisesponds to an increase by a fac-
tor of 6 in CPU power dedicated to reconstruction and ansjykus preparing the ground for
important new data volumes to be gathered over the comingyea

3 Examples of Ongoing Physics Analysis

During last year the NA49 Collaboration obtained final reswn several subjects in

hadron production in Pb+Pb collisions at 1583V, namely:
— spectra and yields of baryons [7],
— spectra and yields of negatively charged hadrons [7],
— data on directed and elliptic flow of protons and charged $[8h
— data on transverse momentum event—by—event fluctuatipns [9
— spectra and yields &G~ and=" hyperons [10],
— data on the composition of projectile spectator matter.[11]

In parallell, significant progress has been made in the arsabf p+p and p+Pb events
recorded by the NA49 detector. The addition of a centraldtedtor [1] to the NA49 detector
allows the high statistics study of hadron+nucleus callisiwith controlled participant number
as one of the important links between hadron+nucleon ani@ustenucleus processes. Prelim-
inary data on p+p and p+Pb collisions will be discussed aleitlg the Pb+Pb results.

3.1 Longitudinal Momentum Spectra

Longitudinal momentum distributions for baryons and mascerry important informa-
tion about baryon number transfer ("stopping”) and the duip of energy density as well as
expansion dynamics and yields of produced patrticles.

The rapidity distribution of baryons participating in cexitPb+Pb collisions, plotted in
Fig. 5, is similar to the distribution for central S+S caltiss [7]. However both distributions are
much more centered at midrapidity than the correspondtnongly forward-backward peaked
distribution for p+p interactions at the same collisionrgyeer nucleon. These results seem to
indicate that the conditions during the early stage of tHistans (energy and baryon density)
are similar for central S+S and Pb+Pb collisions but theydéferent for p+p interactions.

The rapidity distributions of negatively charged hadroakout 85%r—mesons) for
central S+S and Pb+Pb collisions (see Fig. 6) are similahaps, but the yield per participant
nucleon at midrapidity is about 40% larger in nucleus+nuglenllisions than the corresponding
yield for p+p interactions [7], while the overall increasepmons per participant nucleon is of

3



about 25% (going from p+p to Pb+Pb). This confirms earlieeoletion of a pion enhancement
effect in central A+A collisions at the SPS, which should bafconted with pion suppression
observed at AGS and lower energies [12]. We note that endgroeuction of pions is expected
in case of Quark Gluon Plasma creation due to increasedmsrroduction. The observation of
an onset of the pion enhancement when going from low to higjisiom energies is a possible
indicator of the beginning of the phase transition regid?].[1

A complementary view of these spectra is given by thedistributions of participating
protons (py) and of the mean of charged pions {(+ 7 )/2). In Fig. 7 they are compared for
p+p, peripheral and central p+Pb, as well as central Pb+Hibions. A change of the baryonic
and mesonic spectra is apparent in these widely differeshtdméc interactions. The pion yield
in central Pb+Pb interactions, scaled with the assumptidry6 participant nucleon pairs [7],
shows a remarkable similarity with p+p and peripheral p+Aisions over about 2 orders of
magnitude in cross section except in the central regionrefoy = 0, where the p+p point
lies below (see Fig. 7a). A steepening of the-distribution is however observed in central
p+Pb collisions. A more marked dependence on reaction tymdserved in the p-yields
(Fig. 7b), where the scaled--distribution for Pb+Pb falls well below the p+p and peripdle
p+Pb curves. Note that the central p+Pb curve turns out torbe kelow the central Pb+Pb
result. Here, isospin effects in the proton yield from nentprojectiles as observed in Pb+Pb
have to be further investigated. The interpretation of tumplex phenomenology can make
full use of our handles on projectile type, system size, ichparameter and beam energy.

3.2 Transverse Momentum Behaviour

The study of transverse momentum phenomena and their depemdn particle and re-
action type can be carried out in NA49 over a large fractiothefavailable phase space. As an
example of the ongoing detailed analysis, Fig. 8 shows thenrtransverse momentum (i.e. the
first moment of the corresponding distribution) for pions @notons as function aof - for p+p,
p+Pb and Pb+Pb interactions. As in the case of the longitdigdariables, a dependence of the
transverse momentum distribution on the reaction type ideen. For pions, the well-known
"seagull” structure in p+p reactions steepens up with iasireg centrality in p+Pb collisions
whereas central Pb+Pb events show an intermediate belnalase to peripheral p+Pb interac-
tions. The detailed role of resonance decays in this phenomeemains to be elucidated. For
protons, on the other hand, the—dependence is rather flat throughout, with a clear increase
of the mearpr up to central Pb+Pb interactions. Studies of this type uigiclg of course also
higher moments characteristic of the shape of the distabst should shed some light on the
underlying production mechanisms like transverse expans multiple projectile scattering.

Another important global variable accessible to NA49 is ¢élent-by-event fluctuation
of transverse momentum shown in Fig. 9 for central Pb+Phsomtis [9]. The fluctuation turns
out to be compatible with independent particle productidmis is in line with the fluctuations
expected from thermal equilibrium models [13]. The highistas and high resolution of these
data allow NA49 to set an upper limit on the production of Disnted Chiral Condensates in
central Pb+Pb collisions at the SPS.

3.3 Strangeness Production
Strangeness production and its increase in central heawvyadisions have received
much attention, especially in view of possible interpiieta in the framework of QGP for-

mation. The analysis of strange and nonstrange hadron giiodun high energy interactions
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(et+e, p+p, pp, p+A, and A+A collisions) shows an enhancement of the totae§rated
over all of phase space) productionsadnds quarks in central nucleus+nucleus collisions (see
Fig. 10, [16, 17]). This enhancement can be described by ahas$uming the creation of a
globally equilibrated Quark Gluon Plasma in the early stafgée collision [18].

The distribution of strangeness over momentum space and different species of
hadrons shows however a complicated pattern. The detavegtigation of this pattern is pos-
sible in NA49, largely due to recent improvements in pagtidentification byl £ /dx methods
covering most of the acceptance available for trackingidn FL the invariant cross sections of
charged kaons and pions are shown as function:ofor the reactions p+p, central p+Pb, and
central Pb+Pb. The known overall increase of these ratiogggoom p+p to Pb+Pb collisions
is clearly evident in the more detailed dependences on tiesmatical variables. However, also
p+Pb collisions reveal an increase of roughly the same sidesgstematics, observable over
the complete projectile hemisphere. This is clearly sedfign11 for central p+Pb collisions
(pr—range 400-500 MeV/c).

Fig. 12 shows the K ratios as function of centrality of p+Pb collision¥ ) for three
pr—ranges (at; = 0.05). For comparison, the ratios for p+p and Pb+Pb collisioespotted
at Nop = 0 and Nop = 11, respectively. Apart from the (trivial) fact that the /Ktatios
increase withp for all reactions due to the larger meanof kaons, a general relative increase
of comparable size from p+p via p+Pb to Pb+Pb is seen at-alh more detailed analysis of
this transition, including the question whether there iatamation effect of this increase at large
centrality in p+Pb collisions, requires larger event sasphan currently available.

A similar phenomenon is observed for theyields. Fig. 13 showd/h~ ratios referred
to the same ratios in p+p, for three different bins of ceityrah p+Pb. One should note that
unlike Pb+Pb the p+Pb collision system is not symmetric agoonidrapidity and the NA49
results cannot be extrapolated to full phase space. In fact@ease in the strange particle to
pion ratio in the projectile hemisphere appears to be cosgied by a decrease in the target
hemisphere. Based on the new detailed p+Pb results one pantditve able to make a better
prediction of a purely hadronic scenario for Pb+Pb inteoast

It is obviously interesting and necessary to perform theesamalysis for other strange
particles, e.g. th&~ which has recently been shown to exhibit a large enhancefaetur of
about 10 in central Pb+Pb events [10] compared to p+p reetibhe="—yield measured in
NA49 for central Pb+Pb collisions is presented in Fig. 14&d&e reference data in p+p and
central p+Pb collisions in NA49 are required and would dydatnefit from increased statistics
in both cases.

3.4 Spectroscopy: The Example of Phi Production

Up to now, spectroscopy in central Pb+Pb interactions igdith— due to overwhelming
combinatorial background — to rare leptonic decay modes patrow resonances like(1520)
or &. The®-meson study in NA49 indeed offers the possibility to follthwve detailed evolution
of the differential cross section through the different doadc interactions. Fig. 15 and Fig. 16
showy— andpr—distributions of theb obtained in p+p and central Pb+Pb events respectively.
Both distributions reveal a broadening when going from peitisions to central Pb+Pb inter-
actions. Theb—production cross section with respect to thgroduction increases by a factor
of 2.1. A total inclusive cross section of 47Marn has been determined in p+p collisions. In
p+Pb collisions the yield is again a function of centraliig. 17 showsb/h~ ratios fory > 2.5,
referred to p+p, for three centrality bins. A clear increak#his ratio is observed towards the
value for central Pb+Pb.



3.5 Bose-Einstein Correlations

The detailed study of Bose-Einstein correlations of id=ifparticle pairs has been one of
the main experimental objectives of NA49 from its conceptibhese results together with the
data on longitudinal and transverse momentum single padjectra have been used to extract
information on the space—time structure of the collisiarior in central Pb+Pb collisions [14].
The BE-correlation study is now extended for the first timedorelations in all three com-
ponents of the relative momentuihalso in p+p and p+Pb interactions. Due to limited event
statistics only four bins of phase space could be used: ged¢ransverse momentuii < 0.2
and0.2 < kpr < 0.8 GeV/c, pair rapidityl.9 <y < 3.9and3.9 <y < 5.8.

The correlation functions for p+p and central Pb+Pb calhisiare compared in Fig. 18 for
central rapidity. The expected narrowing of the correlagtructure with increasing system size
is clearly visible. Corresponding radius parameters haenlextracted from 3—dimensional fits
using the Bertsch—Pratt parametrization. They are givefign19 as function ot for p+p,
p+Pb at different centralities, and central Pb+Pb. For eas®mmparison, the radii observed
for Pb+Pb collisions have been scaled down by the geomettgrf&A—'/> = 1/6. The trans-
verse radii are in reasonable agreement with this scalipgiticular when comparing p+p to
Pb+Pb results. Significant deviations show up in longitabtighrection. It is surprising that the
kr—dependence of the transverse radii is similar since theitapce of transverse collective
expansion and of the resonance decay halo are expectedathbedifferent in Pb+Pb and p+p
reactions.

It should be mentioned that more detailed studies for p+ppatitb will become possible
with the availability of data samples with substantiallgrieased statistics.

3.6 Peripheral Pb+Pb Reactions and Study of Flow Phenomena

The trigger system of NA49 has recently been upgraded witleaGdrenkov counter
offering high resolution on projectile charge [4]. Placednti-coincidence immediately down-
stream of the Pb—target, it allows for effective triggerorgperipheral Pb+Pb events with low
background. A large data sample with impact parameters apaat 10 fm has thus been ob-
tained.

In these non-central collisions the interaction (overleggion is a lens—shaped object.
Transverse flow of produced particles may then reflect thgtmopy in an azimuthally nonuni-
form momentum or particle number distribution. Ellipticiflas quantified by the coefficient of
the second harmonic in the Fourier expansion of the trasevaimuthal distribution of par-
ticles relative to the reaction plane which is determineenévby—event. The strength of the
flow is one of the few hadronic signals related to the equaifastate of matter at high density.
Fig. 20 shows the elliptic flow of pions as function of rapydibr impact parameters between
6 and 8 fm. Comparison with string—hadronic models [15]¢atks more flow at mid-rapidity
and hence a harder equation of state than assumed in thesésmod

4  Update of Beam Requests in 1999 and 2000
4.1 PbBeamin 1999

The NA49 collaboration has requested 28 days of Pb—beam@eXc per nucleon and
14 days at 80 GeV/c per nucleon during the heavy ion run in I8P his request is based on

the following considerations:
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— Results on Pb+Pb collisions at 40, 80 and 158 GeV/c per nockélb constitute a rich
and consistent set of data obtained by a single experimeichywtogether with the cur-
rently measured energy dependence at the AGS [19] shouktasulally improve our
understanding of the properties of strongly interactindgtenat high energy density.

— Should the present experimental signatures indeed camdsjp QGP formation at the
top SPS energy this would imply a phase transition locatemhadr energies. Calculations
concerning the location of this transition region are matgdendent. It can however be
estimated that the minimum width in energy of the transitegion should be in the range
30-40 GeV/c per nucleon. Therefore results at more thaneawion energy are crucial
for any attempt at localization of this transition.

— Different experimental signatures of the phase transiti@y reach their maximum sig-
nificance at different points of the transition region. Téfere results at 40 and 80 GeV/c
per nucleon could allow to observe more than one signature.

A unique feature of the large acceptance of the NA49 experingethe possibility to
study most of the relevant observables with moderatelyelasgent samples of few times 10
central nucleus+nucleus collisions. Therefore the beara tieeded to obtain a significant sam-
ple can be relatively short, of the order of one week. Thisasnecessarily the case for the
other heavy ion experiments. In case of a collision of irggrde requested Pb—beam time at
80 GeV/c per nucleon could therefore be reduced to one week.

4.2 Pbbeamin 2000

In order to study system size dependence, S— and Ag—bearb8 &€lV/c per nucleon
were requested in the previous addendum [1]. Due to the ssitdg@roduction of secondary C—
and Si—beams already this year, the request for S—beam h@00be replaced by Ag—beam
for the whole running period.

4.3 Proton beam

Our present data samples in p+p and hadron+Pb interactisrespond to about - 10°
events each after cuts, obtained in about 4 weeks of beanbtithan 1996 and 1997.

In 1998, the planned data taking period in August/Septemiasriost due to a serious
problem with one of the superconducting Vertex Magnets.

At present, 4 1/2 weeks of running with hadron beams are éere$or the fall period in
1999. We request a similar period of beam time for the yea0200

5  Physics Programme Beyond 2000

As explained above, the NA49 collaboration is at preserramg into a phase of opening
up its experimental programme both in the heavy ion sectdrcancerning the more elemen-
tary hadron+proton and hadron+nucleus interactions. Bataction of the resulting large and
diverse data samples does not present any technical preldlaento the impressive progress
in parallel computing using PC farms at CERN. Physics amalgsfollowing up these new
directions with the hope to decisively improve the underdilag of hadronic phenomena in
general and of the hypothetical transition to QGP formatmoparticular. The collaboration is
looking forward to two more data taking periods in the frarogwof the approved heavy ion
programme at the SPS.



There are however a few points which already now merit coptation of a possible ex-
tension of the physics programme beyond the year 2000. usts concern running with ion
beams and with hadron beams. They should be seen also inrttextof the complementarity
of the NA49 programme with other fixed target activities bey@000 at CERN.

5.1 Hadron+Nucleon Physics

Keeping in mind that NA49 is the only large solid angle detetacility with wide par-
ticle identification coverage still active in the SPS energgge, and regarding the physics
possibilities opening up after the first round of data takang analysis, further running periods
beyond 2000 seem certainly worth considering. Data sangdlesveral million events with
proton and pion beams would allow a decisive step forwardnbt in reference to heavy ion
phenomena but also in the more detailed understanding bhadfonic physics in connection
with non-perturbative QCD.

5.2 Hadron+Nucleus Physics

The first running period using nuclear targets with certyraelection in 1997 was used
to explore the possibilities of NA49 in this field in a variatficonditions. Data with proton and
pion beams on Al- and Pb—targets were obtained at two beargiesneThese event samples
of typically 10'~1C° events are being studied in view of isolating those phys&®s which
merit more detailed inspection. There is no doubt that atsthis field a further substantial
increase of event statistics will allow new and deeper imsigto many problems connected
with propagation and interaction of hadronic probes in eachatter.

5.3 Further Studies with Nuclear Beams

With the opening of parameter space in nuclear interactionserning system size and
interaction energy further insight into the hypothesis bage transition to QGP is expected.
The obvious further goal of NA49 would be the more detailedigtof this phenomenon. The
request for extended ion beam operation will depend on thalteeof the data taken in 1999
and 2000.

5.4 Study of Open Charm Production in Heavy lon Collisions

The extension of the detection capabilities of NA49 to thedst lying heavy flavour
states would constitute an obvious physics interest. Ch@nduction mechanism and cross
section in nuclear matter, especially in high energy dgmsivironments, are at present subject
to very different model approaches ranging from pertuvea@CD to a phenomenological sta-
tistical description. The complicated phenomenology af production and suppression is inti-
mately connected to open charm processes. The intermedestedilepton spectrum measured
in Pb+Pb collisions at the SPS [20] shows a strong deviatiom fperturbative calculations
which could be connected with enhanced charm production.

Due to its low production cross section and short life time theasurement of D—
meson production in the high multiplicity environment ofcteus+nucleus collisions consti-
tutes a challenging experimental adventure. In collalbmmatvith INFN Torino (L. Riccati,

P. Giubellino, F. Tosello, P. Cerello) the NA49 collabooatis presently investigating the fea-
sibility of a vertex detector upgrade of the NA49 detectque® charm would be studied using
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the hadronic decays d° — K7t andD* — K77t (and their respective antiparticles).
The D decay vertices are identified using a silicon verteratet with the addition of particle
identification and tracking information from the NA49 ddtac The strength of this combina-
tion comes fromiE'/dz identification over a large range in momentum and from the ket
momentum resolution of the NA49 spectrometer, which aral eiharacteristics in optimizing
the signal/background ratio of this measurement. Thelidagiof a second level trigger based
on on-line tracking from Si—pixel layers in the vertex détecs also studied in order to enhance
the data sample within the limitations of beam rate of the BlAlétector to up to ¥Ocentral
A+A collisions.

The time scale of this charm upgrade of the NA49 experimentidvcequire the avail-
ability of ion beams also after the year 2000.
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Figure 1: Pb-beam fragmentation spectrum from a 10 mm Cadrget with the beam line set
to selectZ/A = 1/2.
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Figure 2: Uncorrected charged particle multiplicity (quiesl vertex tracks) as a function of
forward going energy measured by the Veto Calorimeter of 8l#gt samples of C+C and
Si+Si collisions at 158 AGeV taken during the 1998 Pb—ion run.
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