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Abstract

This document discusses the status of the analysis andcshgsilts obtained by the NA49
experiment. For 2002 the collaboration maintains the reigioe 4 weeks of running with
proton beams. Furthermore the collaboration requests € afaPb beam at 20 and 30
A-GeV and the full period of Pb-beam at 158@eV energy. Most of the Pb-beam period
at full energy will be used for data taking with fragmentatibeuterons.
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1 Introduction

This report provides a summary of the status and future progre of the NA49 exper-
iment at the CERN SPS. The history of the experiment is doobedkein a series of previous
reports to the SPS Committee [1, 2, 3, 4, 5].

The primary purpose of the heavy ion programme at the CERN iSR& search for
evidence of a transient deconfined state of strongly inteigaenatter during the early stage
of nucleus—nucleus collisions. The NA49 experiment [6] wlasigned for the investigation
of hadron production in the most violent Pb+Pb interactianthe Cern SPS. With its large
acceptance tracking and particle identification it is iniadd an excellent detector for the
study of nucleon—nucleus collisions of controlled cettlyand of nucleon—nucleon reactions.

Data have been recorded on Pb+Pb collisions at 158, 80, aAd@€V beam energy as
well as smaller runs of C+C and Si+Si at 158 and 4G&V. Moreover, extensive data sets were
taken for hadron—nucleon (p+p, d+ptp) and hadron—nucleus (p+PbtPb) reactions. All raw
data have been processed to the data summary tape status awogvan the process of physics
analysis.

The status of physics analysis concerning elementary hadrderactions is discussed in
Section 2 with special emphasis on isospin effects and tio@isequences on the interpretation
of heavy ion data. This concerns in particular the productd strange mesons as well as
baryons and anti-baryons up to strangene3s

The NA49 programme concerning nucleus—nucleus collisiensntly focused on the
study of energy dependence of hadron production in cenbr&lPB collisions. The aim of this
investigation is the search for anomalies in the energy midgece of experimental observables
which may indicate the onset of deconfinement at low SPS @&®erfhis status report presents
selected results from the Pb runs at 40, 80 and 1%8eX in Section 3.1. These underline the
importance of the completion of the energy scan programiseytar with the approved low
energy runs at 20 and 30 @eV.

High statistics data on central Pb+Pb collisions taken i@G2@re being analysed in a
search for rare signals: open charm productipdecay in the di-electron channél,and anti-
deuteron production. First preliminary results on these s@gnals are presented in Section 3.2.



2 Results of Analysis of Hadron—Proton and Hadron—Nucleusriteractions

In the absence of a quantitative theory of soft hadroniaauigons the interpretation of
experimental results obtained in nucleus-nucleus cofisihas to rely on a comparison with
elementary hadron-hadron and hadron-nucleus reactiohshé\ heavy nuclei used in these
studies have 60% neutron content, this comparison neaessiknowledge of hadronisation
processes involving neutrons.

The behaviour of particle yields with respect to a rotatiérih@ projectile isospin has
not been studied experimentally in any quantitative defidiis behaviour will - in addition
to the general concept of isospin symmetry - finally be goserny the hadronic production
mechanisms involved. As will be shown below, the study ofrbatt interactions with different
projectile isospin will therefore offer more direct instghto the hadronization mechanism. The
NA49 experiment has obtained in the years 1999/2000 pilat \w#éh deuteron beam in order to
provide data with neutron interactions. The inverse-kiagcs deuteron+p configuration allows
- by means of proton spectator tagging - the isolation ofrclegp collisions. We present here
first results concerning final state pions, kaons, protowisaami-protons which allow scrutiny
of the effects of projectile isospin rotation on particlelgs, baryon and anti-baryon production
and enhancement effects in kaon and cascade baryon praaucti

2.1 Experimental Procedure

The incoming Pb beam is fragmented into secondary nucleili@ emm carbon target.
ZIA=1/2 nuclei are selected by appropriate setting of thenbéine. Out of a mass spectrum
which is rapidly falling with A, deuterons are selected bysguheight window cuts on the
analog signals from beam scintillation and proportionairters. The deuterons impinging on a
liquid H2 target produce n+p (proton spectator), p+p (r@uspectator) and about 17% (n+p)+p
interactions (no spectator). The n+p collisions can bentyesolated by selecting spectator
protons imposing tight cuts on their transverse and longiai momenta. A selection of 120 k
n+p events has thus been obtained. This event number isalfeetbr of 20 below the statistics
available in p+p interactions.

2.2 Results on Charged Pions

Projectiles n p
Produced particles 7~ 0 7t
Isospin -1 0 +1

The expected ("trivial”) isospin symmetry in pion prodwstii.e. the complete flip be-
tweennt andrn~ yields when changing from proton to neutron projectile hasbeen mea-
sured to any precision in the SPS energy range. Results ast#ofuof transverse momentum at
fixedxz are presented in Fig. 1 which shows that indeed charge rieflesstmmetry is achieved
within statistical errors of a few percent over a wide rang@-0 This is extended to a wider
xp interval in Fig. 2 which showsr-integratedr™ /7~ resp.r~ /7 ratios as a function of ..
Here two regions are of interest:

a) Atlow xp m~ /7" should approach 1 in n+p interactions if charge reflectidd$idrhis

is borne out by the measurements shown in Fig. 2. The extehedfansition region in

xp offers a first determination of pion feed-over from targgpttojectile hemisphere. Itis



visible that the feed-over is small alreadyzat = 0.05 and vanishes at about- = 0.1.
This result is important for some of the conclusions drawiowe

b) At largezr the pionic charge ratios become large and therefore allovoie ensitive
test of charge reflection symmetry which is not a priori iraglby isospin invariance. The
present data (see Fig. 2) cannot exclude such effects armuitiibe desirable to obtain
similar statistical errors in n+p and p+p reactions.

2.3 Results on Charged Kaons

Due to strangeness conservation the situation is more exfgl strange meson produc-
tion. In fact kaons may be produced
a) in conjunction with hyperons ("associate productionijla
b) in pairs.
Mechanism (a) can be described by the following isospin guadt:

Strangeness
Projectiles n p
Produced particles K° | KT 1
K- | K -1
Isospin -1/2 | +1/2

As in this process the s-quark is fixed in the hyperon, theykeld (5-quark) will not
commute with the K yield (s-quark). K can only be produced here in the decay 6f(¥.*)
resonances which also yieﬁo. Consequently, in the "associate” hyperon-kaon channgel, b
exchanging p with n projectile, instead of K-+ K~ the commutation K« K+ andK’ < K-
should be dominant. This argument also raises questions #® isospin dependence of K
production which "bridges” the multiplet by having botH KndK’ content.

The kaon pair production mechanism (b) corresponds to tl@wimg isospin triplet:

Strangeness
Projectiles n p
Produced particles K=K KTK~ K+K" 0
KK’
Isospin -1 1

In this case — and in analogy with the pion triplet discussethe preceding section —
one has to expect a definite dependence of charged kaon gimodoa projectile charge: K
production should be reduced; Kroduction enhanced when switching from p to n projectile.
The relative weight of mechanisms (a) and (b) in charged kaoduction is not predicted from
soft QCD. It can be expected, though, that process (a) sltmrdnate in the threshold region
at low cms energy, whereas process (b) should become mormaredimportant as energy
increases.

NA49 has obtained the first comparative measurement of etlagons with both p and n
beams. Fig. 3 shows kaon yields as a functiop;0&t two values of: - in the projectile region.
It is apparent that compared to the charged pions the chd@easdo not commute with
projectile isospin. Within statistical errors on the camyr both K" and K~ yield are invariant
against projectile charge. This observation carries gtommsequences for Kfatios as shown
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in Fig. 4 for K*/=* and K /x~ from protons and neutrons as a function:gf Interpretation of
K/x ratios from nuclei and their comparison to p+p interactibas therefore to take account of
the proper isospin mixture in these nuclei. The necessargaion factors for Pb+Pb collisions
are shown in Fig. 5: they reach (at 158 AGeV) values of up to 3@8pending o . This is
exemplified in Fig. 6 where K/r™ and K /=~ ratios from Pb+Pb collisions as measured by
NA49 are presented both uncorrected and corrected forirseffects.

NA49 has also obtained K/ratios from p+Pb interactions with controlled centrality.
Here the comparison to the elementary p+p collisions isgittdorward in the p projectile
hemisphere, but suffers from isospin effects in the bacéw@b) hemisphere. In the transition
region around: » = 0, in addition target-pile-up in this multiple collision press has to be taken
into account. The measured-Kratios are shown in Fig. 7 as a functionagf. Target feedover
effects are expected to reach out to ahogt= 0.05 (see above) and can be corrected for by
using the approximate linearity of target yields with thenter of collisions (see arguments
discussed below in Chapter 7.2 with respect to proton anchdasyields).

The thus corrected K/ratios are compared to Pb+Pb interactions in Fig. 8. Appbten
both for Kt and K" ratios there is - within statistical erorse differencevisible between both
types of reactions, and this over the completerange accessible to NA49. This constitues an
important result for the interpretation of A+A collisions.

It would be of obvious interest to further reduce the statdtand systematic errors re-
lated to these particle ratios. NA49 has already doubleé@tkat numbers in p+Pb interactions
in 2001. Further running with n+p and p+p collisions is nownaiatory.

2.4 Results on Protons and Anti-protons

In baryon production a clear distinction between "net” pra and neutrons which con-
tribute to the overall baryon number balance and "pair pcedii baryons has to be made. The
latter should always be treated together with their pastasrbaryon number free systems.

2.4.1 Net Protons and Neutrons

Net baryons can be arranged in the following isospin doablet

Projectiles n p
Produced particles n p
Isospin -1/2 | +1/2

Although an isospin-symmetric behaviour of neutrons aratqms with respect to pro-
jectile charge seems obvious, the distribution of theissreections over phase space is non-
calculable and has therefore to be measured. In this reipe@bsence of reliable data on
neutron production in p+p and proton and neutron produdtiontp interactions is absolutely
flagrant: hence a large uncertainty in properly predictsagpin-corrected baryon distributions
for comparison with A+A data.

NA49 has performed a measurement of neutron production pngoflisions and has
obtained for the first time proton and anti-proton yieldsyiro+p interactions. The results are
given in Fig. 9. Discussing first the baryon cross sections #een (Fig. 9a) that indeed, as
expected, the neutron yields from proton projectiles ateaktp the proton yields from neutron
projectiles. It should be stressed however that the shaihe oheasured - distributions is non-
trivial and directly connected to production mechanisnig Tact that proton yields atz = 0
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are closely similar in n+p and p+p collisions has to do witl thechanism of baryon number
transfer (stopping) which carries direct relevance als@#d’b and Pb+Pb reactions.

2.4.2 Pair Produced Baryons

The first ever measurement of anti-proton production in mipractions presented in
Fig. 9b shows a sizeable increase of anti-proton yield fropnajectiles. When taking account
of the fact that in n+p events there isagt ~ 0 a superposition from target protons and projec-
tile neutrons (see arguments on /7~ ratios above) the increase amounts to about 50%. This
measurement has therefore immediate and rather profoursg&qoences for the understanding
of baryon pair production. Would pairs only be produced i& sgmmetric configurationspp
and m (isospin of the effective pair equal zero) this would meastrang dependence of I=0
amplitudes on projectile isospin: there is no basis for #sisumption. If however one allows
for the presence of asymmetric pair configurations of the tgpor rp then tb pairs can be
arranged in the following multiplet which resembles thesgga 1 triplet of pions:

Projectiles n p
Produced particles pn pp pn
nn
Isospin -1 0 +1

Under this assumption and taking into account the observaye reflection symmetry
for pions the measured effect is easily understood as flim fitee ;0 configuration into the
pn configuration when interchanging p and n projectile. €ierhowever a pecularity in the
above multiplet: unliker™ andx~ protons and anti-protons turn also up in the 1I=0 symmetric
configuration: the effect of any isospin reflection is therefdamped by this symmetric term. In
this aspect the 50% excesgpah n+p corresponds to a very strong isospin correlatior@safly
if compared to the 20% effect observed for/n~ atzr = 0. This and the fact that the effective
mass of the baryon pairs is above 2 GeV indicates that they stigair produced baryons
gives access to more primordial phases of hadronizatiocegses. Supporting evidence for
this picture comes from Lear experiments which were ablsdtate in the inverse procesp p
— mesons final state high mass/high spin mesonic resonances.

NA49 would definitely benefit from enhanced statistics inhbptp and especially n+p
interactions in pursuing this cycle of studies.

2.4.3 Baryon Pair Production with Pion Beams

The above results have been augmented by measurementsyoh lzard anti-baryon
production with pion beams:

Projectiles | 7~ ™t

Produced particles pn | pp | pn
nn

Isospin -1 0| +1

In experiments with pion beams one may use the fact that sienald be no "net” baryon
number produced in the hadronization of the projectile @eoto isolate the contributions from
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the target proton. This is done by defining an "average piaojeatile 0.5-(7" beam +7~
beam). By subtracting the thus averaged baryon yields fhapion beam results the p target
contribution is eliminated and one is left with baryon pawguction from the pion projectile. In
addition by using the difference p-ene may eliminate the 1I=0 symmetric pair component. The
result presented in Fig. 10 shows again several importatrfes of baryon pair production:

a) There is a strong component of asymmetri@pd p configurations.

b) This component commutates with projectile isospin.

c) The production mechanism opairs becomes directly visible: the baryon/anti-baryon
yields are not peaked ai- = 0 but show a broad structure centered: at~ 0.2 for pion
beams, indicating a non-central production of the corredpg heavy mesonic parent
states reaching out to high- values.

2.5 Results Expected for Strange/Antistrange Baryon Prodction

In the following argumentation the above findings will beemded to the expected isospin
dependence of strange and multistrange baryons. Thiscsheabme experimentally accessible
with better event statistics from n+p and p+p interactions.

Starting with the isospin multiplet structure for hyperairgstates (making no difference
in notation between” andX’ which are anyway indistinguishable in most experiments)

Strangeness
Projectiles n p
Produced particles AS AR AT -1+1
YA YA
Isospin -1 0 +1

it becomes apparent that - due to the possible combinati@ospin singlet states\( A) with
the isospin triplet obJ states the isospin rotation of n and p projectiles shoul@gdwyield the
same number of pair produced neutral hyperons. Therefati&eun the case of anti-protons,
anti-lambdas measure the complete yield of pair producedimyns and, as a consequence, the
differenceA — A gives the correct number of "net” hyperons independent ofegtile type,
again in sharp contrast to the differencgp—

Verification of this prediction needs more n+p events.

Proceeding now to cascade hyperons, the following tabléespp

Strangeness
Projectiles n p
. =0 —_ —(=0 —0=
Produced particles = = =02 =0=" -2+42
_=t
Isospin -1 0 +1

This shows complete charge-antisymmetry with respect @oigb-doublet formed by
proton/anti-proton. Therefore, comparing e.g. Pb+Pb tp petrllisionsE+ should be sup-
pressed=" enhanced by simple isospin composition. This will be queatiin the following
chapter.
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Strangeness
Projectiles n p
Produced particles 00" -3+3
Isospin -1 0 +1

Q- andQ " form finally isospin singlets (see table on top) and shoudefore, likeA/A,
not be affected by projectile isospin.

The possibility of strangeness-asymmetric pair combomatican however not be ex-
cluded here. As the yield ratios between £ /) production are about/10~!/2 - 1073/10~*
such terms should in fact become more and more probable etftedsing cross section. Com-
binations like e.gQ—/EJr or E‘/fr (plus evidently additional kaons) have to be taken into
account.

The measurement of baryon production up to strangehgss elementary production is
therefore a pre-requisite for the interpretation of nuckeryonic data. The NA49 experiment
has produced, in addition to data oip @ndA,A a first ever measurement &f and=" yields
in p+p interactions at 158 GeV/c.

2~ production just becomes accessible with the available murobevents. From the
current statistics approximately 45- may be extracted as shown in Fig. 11. This represents a
3.50 significant signal over background measurement. Doubliagtents statistics will allow
to improve the measurement tarfand to extract a reliabl@~ cross-section.

Currently there is no signal visible for tife". However, with the presently measured
signal, we can test the level of exclusion of (Tzfé/Q‘ ratio. With a 95% confidence level, this
ratio is below 0.5. With two times higher statistics and asisig noQ2 "~ signal, we will be able
to exclude at the same confidence level a ratio above 0.35.

The situation may be summarized in Fig. 12 where anti-bdbargon ratios are shown
up to strangeness3 for p+p collisions. There seems to be an almost linear irsered the
b/b ratios with strangeness content, leaving the possibilby extrapolation td2/ - of a
ratio of order 1 at S£3. The upper limit obtained foﬁ*production excludes already such
an extrapolation. The complex situation is further highteg by the fact that practically all
available microscopic production models predict very daaﬁj/Q— ratios in p+p collisions
ranging up to factors of 2 and more [7].

2.6 Comparison of Cascade Baryon Production in p+p, p+Pb an®b+Pb collisions

In the following the problems of comparison between différeadronic processes, of
isospin effects and of the interpretation of "enhancemeffécts will be exemplified for the
case of cascade baryon production.

Measurements of cascade baryon cross sections are agdilabi the WA97 [8] and
NA49 [9] experiments at the SPS and are given in Table 1. Thesssurements fortunately
enough cover a wide range of hadronic interactions with @emek overlap which allows con-
trol of consistency. The table also contains two very imgartnormalisation and reference
numbers: the number of "wounded nucleons” NW and the numbasllisions» per projectile
nucleon characterizing each reaction.



pp pBe pPb pPb pPb | PbPb| PbPb
NA49 WA97 | WA97 | NA49 | NA49 | WA97 | NA49
NW 2 2.5 4.7 4.7 6.7 350 362
1 15 3.7 3.7 57 4.5 4.5
~ | 0.00074| 0.0015| 0.003 | 0.004 | 0.0058| 1.5 | 1.49

© | 0.00036| 0.00068| 0.0012| 0.0014| 0.0018| 0.37 | 0.33

[1|{ [1]

Table 1;

2.6.1 Comparison of Pb+Pb and p+p Interactions

Dividing the cascade yields in Pb+Pb collisions by the nundlb@articipant pairs (equal
NW/2) one obtains, now seen per participant pair collisang averaging over the NA49 and
WA97 results (which agree within their 15% error limits) todlowing central rapidity densi-
ties:

isospin corrected

—
— —

—
—

p+p | 0.00074] 0.00036| 0.00096/ 0.00028
Pb+Pb | 0.0082 | 0.0019
PbPb/pp| 11.0 5.3 8.54 6.8

1]|

The above ratios constitute (a) a very sizeable cascademayhancement and (b) a
difference of a factor of two in enhancement between baryareati-baryon. The difference in
isospin composition between p+p and Pb+Pb collisions shoalvever, as discussed in chapter
6 above, be taken into account. It has been shown that oneah&sast for= pair production, to
expect a decrease #and an increase i yield when switching from p to n projectile. Assum-
ing this isospin effect to be of the same order as the one fapps/anti-protons quantified in
Chapter 5 as about 1.5, the resulting net correction faotathe elementary nucleon+ nucleon
collision would be(0.6 - 1.5 + 0.4 - 1.0) = 1.3. The application of this correction changes the
enhancement &~ and=" to 8.5 and 6.8 respectively. As a consequence, the differenc
baryon and anti-baryon enhancements is drastically reluce

It should be clear from this example that the measuremef ahd = cross sections
in both p+p and n+p collisions is absolutely necessary fguiauentations about the excess of
cascade production in A+A reactions.

2.6.2 Comparison of p+A and p+p Interactions

Contrary to the symmetric nucleon+nucleon and nucleudensanteractions discussed
above, the hadron+nucleus collisions are by constructsymanetric. At a given impact pa-
rameter the projectile hadron will hittarget nucleons (see table 1 above). The projectile frag-
mentation will thus be characterized by hadronizationrafialtiple collisions, as is the case
for all participating nucleons in a nucleus+nucleus interacfidre "wounded” target nucleons
in a p+A reaction on the contrary are only hit once and areefoeg - in their fragmentation
- characterized by single collision physics i.e. close ®d¢lementary nucleon+nucleon inter-
action. The final state hadron density will therefore have ¢@mponents: a target component
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which is the approximate sum ofelementary hadronisation processes and a projectile compo
nent which carries the imprint of multiple’) collisions. Only the latter component should be
comparable to nucleus+nucleus interactions.

The NA49 experiment has been able to check the superpositjpment evoked above
for the target component in the specific case of net baryodymtaon in p+Pb collisions. Using
data from bothr™+Pb andr~+Pb interactions which have no "net” baryon content on the
projectile level (see also argumentation concerningp andr~+p in chapter 5 above) one can
use the quantity g-in order to measure directly the evolution of target bargensity with the
number nu of collisions. The result of this measurementismgin Fig. 13. Here the net proton
density is plotted as a function af- for p+p collisions and average+Pb collisions at two
different impact parameters corresponding to 2.2 and 4jégiile collisions. The approximate
linearity of yield against atxr = 0 is evident.

This observation allows to set up a simple superpositioméda for particle yields at
XF=0 in p+A collisions:

(dn/dz)2 2y = (dn/dz)2 TPy - (0.5 (v-a) + 0.5 - E),
where the "enhancement factar’describes the deviation of the projectile component (rplati
collisions) from the simple p+p behaviour (single collisj@and the parameter the influence
of isospin effects on particle yield due to the compositibA &rom by protons and neutrons.

This formula demonstrates clearly that with increasing benof collisions the relative
weight between target "pile-up” and projectile fragmeintatbecomes bigger and bigger con-
trary to A+A collisions where this formula should read:

(dn/dx)2t 2 = (dn/dx)Y - (0.5 E+0.5- E) - NW/2.

The visibility of any enhancement effect due to multiplelisabns is therefore strongly
suppressed in p+A in comparison to A+A collisions for celntra(see argumentation of Chap-
ter 4 for kaon production).

By applying the above formalism the cascade baryon measuntsnof table 1 in p+A
interactions can now be confronted with both the elemeri#pyand the multi-collision Pb+Pb
results and the enhancement factbrextracted from the data, see Fig. 14. From this figure two
conclusions may be drawn:

a) With or without taking into account isospin effects theaade yields measured in Pb+Pb
collisions comply within experimental errors with tlredependence extrated from p+p
and p+Pb interactions.

b) The application of isospin effects of the expected ordenagnitude reduces the differ-
ence betwee& " and=— enhancements both in p+Pb and Pb+Pb reactions.

Both findings agree with what has been concluded in Chaptar K fneson production.

It is clear that - in order to replace conjecture by realityfasas isospin effects are
concerned - the measurement®f and =~ with neutron beam is a necessity. This is what
NA49 proposes to do in 2002.

2.7 Improvement of Data Taking Efficiency by Triggering on Proton Spectators
The pilot run with deuteron beam in 1999 used the standardNAggering scheme with

the addition of a pulse height cut as described above. Spestlection was done off line once
the complete data sample was processed.



For future deuteron beam running the data taking efficienay be improved by a factor
of about 4 by introducing an on-line trigger on spectatort@ms. Due to their smajp; val-
ues €100 MeV/c) and their small spread in longitudinal momentin@se are confined to a
tiny area of only a few cm in diameter in the downstream pathefexperiment. A scintilla-
tion counter of the required size (together with a newly tut$ed proportional chamber with
100 um space resolution) will allow for fast triggering on protepectators and a precision
measurement of their momentum.

The expected number of events in the 23-day period of 160 ABb\beam foreseen
in 2002 would thus allow to collect about 1.6 Mevents on DSHisTevent sample compares
favourably with the 2.5 M events currently available fromppiiteractions. It would contain
more than 40&~ and more than 108" (already including the expected reductiorEof yield
by isospin effects) which should allow a sensible detertionaof the baryon cross sections
and of baryon/anti-baryon ratios up to cascades. In adgditie arguments developed above
concerning meson production could be quantified to a Stalstccuracy comparable to p+p
collisions.

2.8 Status of p+p and p+Pb Event Samples and Analysis

NA49 has proposed in October 2000 a programme of data takitigp#p and p+A
interactions reaching over three years up to the end of 28Q8gesting 4 weeks of proton beam
per year. The SPSC has granted a period of 28 days in 2001epau@tion of this data taking
the NA49 detector was upgraded by the construction of a ne@/WRich closes the acceptance
hole atzr > 0.5 imposed in the standard TPC setup by the presence of thed?h-bePb+Pb
running.

In accordance with the plans put forward, data taking waanaed as follows:

p+Pb at 160 GeV/c: 1480 000 events1 000 000 events on DST
p+Pb at 100 GeV/c: 850 000 events 590 000 events on DST

These two items fulfill the plans for doubling up the avaiklhent number in p+Pb
at different centralities and of studying energy dependeiicis evident that these new data
constitute a large amelioration for the analysis preseabee. In addition, further data with
pion beams have been obtained:

7~ +Pb at 160 GeV/c: 790 000 events 550 000 events on DST
mT+Pb at 160 GeV/c: 420 000 events 290 000 events on DST

Data processing of the~+Pb sample has already been performed and results have en-
tered the physics results shown above.

In addition, NA49 was able to benefit of 13 days of p beam withgpecial LHC spill
structure. These data have reduced duty cycle and are icigggmot well adapted to detectors
with long open time like the NA49 TPC system. Using the dethibeam timing information
available in NA49 and special background rejection techesqgt has been nevertheless possible
to collect efficiently the following data:

p+p at 160 GeV/c: 1100 000 events 550 000 events on DST (special spill)
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All these new data will be processed in the near future anldewter into the continuing
data analysis which is being actively pursued. It should \adest from the above physics
argumentation that a further sizeable increase in p+ps8ta] as it has been requested in 2000,
will be of great benefit for most of the physics subjects stddind is indeed our next priority.
This should help to obtain measured cross sections alsyfand( " to give only one example.

3 Selected Results from the Study of Nucleus—Nucleus Collss
3.1 Energy Dependence

The results from the heavy-ion program at CERN indicatetideaonfinement may set
in within the SPS energy range [10],[11]. Within most modsrsarios the data imply that the
initial energy density exceeds the critical value. Origiynproposed signatures [12] of the QGP
were observed in Pb+Pb collisions at the top SPS energy//¥.suppression, strangeness
enhancement, and possibly thermal photons and dileptdres significance of these signals
as QGP signatures has come under renewed scrutiny. Moyeéloges is no observational evi-
dence for a sharp phase transition from QGP to hadrons syziteas coexistence [13], critical
fluctuations [13, 14] or more speculative effects like DC6E][ar parity violation [16].

The NA49 experiment is performing an energy scan from 20-A%8eV in an effort
to strengthen the evidence for the onset of deconfinemenednclsing for anomalies in the
energy dependence of experimental observables. Data &04&nd 158 AGeV have so far
been recorded and analysed and selected preliminarysesalpresented below.

3.1.1 Yields ofr, K, A andA

Raw K and K~ yields were extracted from fits of the distributions of dEahd TOF
(where available) in narrow bins of rapidity y and transeemsomentum p. The resulting
spectra were then corrected for geometrical acceptanssgdadue to in—flight decays and re-
construction efficiency. The latter was determined from edaling simulated tracks into real
events and amounted te 95%. Spectra of— mesons were derived from the acceptance cor-
rected negatively charged particle yields ingnd y (assuming the mass) by subtracting the
estimated contribution of K, p and the contamination from secondary hadron decays. Tibe ra
7/r~ was determined in the region where both dE/dx and TOF ardai@i(0.91, 0.94 and
0.97 at 40, 80 and 158-&eV) and was assumed to be y independent.

The resulting rapidity distributions af~ are plotted in Fig. 15. The integrated yields are
312+15, 445+22 and 616-30 at 40, 80 and 158 &eV respectively. Pions are the dominant
produced particle species and thus their number providessaume of the entropy in a statistical
model description of the reaction. The yield of pions (esatid here agr) = 1.5 ((77) +
(r™))) divided by the number of wounded nucleons (participantg) il shown versus the
Fermi energy variable E (/s — 2my)3/*/\/snn"/* & sy in Fig. 16. While p+p data show
a linear rise throughout there is a change for A+A collisi¢ilastrated more clearly in the
inset) in the SPS energy range. Below one finds a regime ditgigppression, above a region
of enhancement with a steeper linear rise than for p+p @a&tiThis steepening must be due
to collective effects and may be interpreted as indicatiregdctivation of a large number of
partonic degrees of freedom at the onset of deconfinemeht [17

Kaons contain about 75% of tles quarks in the produced hadrons at SPS energies and
thus their number indicates the total strangeness conteéhedinal state. The rapidity distri-
butions are displayed in Fig. 17 and integrate with smaliag@dlation to total yields of 181,
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2942, 50+5 for K~ and 563, 79+5, 95+9 for K* at 40, 80, 160 AGeV respectively. Yields
of most particles, of course, increase with energy. Chaimgtéhge composition of the produced
system are better characterised by particle ratios. Measemts of K/7~ and K"/7* at midra-
pidity from NA49 are plotted versus energy in Fig. 18 and cared to results at lower and
higher energies. A continuous increase is seen foirK. For K*/7" one finds a steeper rise
followed by a maximum at the lower end of the SPS energy regimh a gradual decrease.
Within a reaction scenario based on nucleon—nucleon mwiksthese features might be at-
tributed to thresholds and the decrease of the baryon gemsit increasing energy. The ratio
K~—/z— exhibits the threshold of the K production mechanism. The lower mass threshold of
associate KY production leads to a steeper rise itk and the rapidly falling baryon density
may result in a compensation of the declining contributramt the KY by the growing contri-
bution from the KK production mechanism. It will be interesting to see whethe excitation
function of the Kfr ratio in nucleon—nucleon collisions supports such an pnegation.

The most abundantly produced hyperons/sendA for which Fig. 19 shows the rapidity
distributions. These show a broad shapeAareflecting the associate production mechanism
and the partially stopped participant nucleon distributio contrast the distribution is of nar-
rower Gaussian type for which are most likely produced as members of hyperon—aipteton
(YY) pairs. The ratio§A)/(x) and (A)/(x) of 4 integrated yields are displayed as a function
of energy in Fig. 20. One observes a steep threshold risenéoft)/ () ratio followed by a
decline which can be mainly attributed to the rapidly desieg net baryon density. The ratio
(A)/(m) exhibits a continuous rise due to the high masthreshold.

It is apparent from Fig. 19 that the hyperon rapidity coverag NA49 which is com-
plete at 40 AGeV beam energy shrinks to about half the available phasedpal58 AGeV.

In order to improve on this situation it is proposed to takeadsith a modified detector con-
figuration during part of the 2002 full energy Pb-beam runeduction of the magnetic field
combined with a target position closer to the first TPC wiliesyd the coverage in the backward
hemisphere close to target rapidityd.2 < y.,s < —1.5). This will allow a determination of
the A multiplicity in full phase space with only small extrapatat and systematic uncertainty
also at the top SPS energy.

Since anti-hyperon production rates are small and isogpmmeetry approximately holds
(K™Y = (K®)) nearly half of thes quarks in the produced hadrons are containedfimt€sons.
Moreover, strangeness conservation requises= (5). Thus(K*) measures to a good approxi-
mation one quarter of alands quarks in the final state hadrons. The energy dependence of th
(K)/(m ™) ratio (see Fig. 21 left) therefore indicates a maximum infthetion of strangeness
carrying particles in the lower SPS energy range.

Microscopic dynamical and statistical models have beed agtensively to describe par-
ticle yields in a wide variety of reactions. The first classfien based on string excitation, fu-
sion and hadronization (e.g. HSD [18], RQMD [19], UrQMD [2@llowed by re-interactions
of the formed hadrons (RQMD, UrQMD). As seen from Fig. 18 HRI2sInot reproduce the en-
ergy dependence of the midrapidity K ratio. On the other hand, RQMD correctly predicts
the trend, but somewhat over-predicts the ratio in the SR&gmange.

A comparison with the A ratio (K™)/(n*) is presented in Fig. 21 left. Both UrQMD and
RQMD get the steep threshold rise. UrQMD values are muchdaar the plateau due to an
over-prediction of pions. RQMD does not follow the drop ie tBPS range which is indicated
by the measurements.

The statistical hadron gas model as such makes no predaiocerning the energy de-
pendence of particle production. However, it has recergnbsupplemented [21] by a param-
eterisation of the energy dependence of its two main paemsydiaryo-chemical potentials
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and temperature T. Predictions are shown in Fig. 21 leftfor)/(7*) and Fig. 20 right for
(A)/(). The trend of the data is well reproduced by this extenddstal hadron gas model
calculation. In detail the decrease in the SPS energy rafigetio (K*)/(x*) and(A)/(7) and
even more so of=)/(x) (not shown) is not well described.

Predictions have also been published for a statistical moidtéhe early stage which
explicitly assumes formation of a transient deconfined plesove a certain threshold en-
ergy [17]. In this model the strangeness to entropy ratiossumed to be established ini-
tially and to persist through the hadronization stage. A suea of this quantity is the ratio
E. = ((A) + (K + K))/(r) evaluated from the final hadron multiplicities which is péut
in Fig. 21 right. After a rise corresponding to the purely fwadc reaction in the model, one
observes a saturation at the a level consistent with thegetreess to entropy ratio expected for
an initially deconfined system.

3.1.2 77 correlations

Correlations of pions with near equal momeptap, provide information on the size and
internal dynamics of the fireball source at freeze—out [ZBE analysis was performed in the
longitudinally comoving reference frame, decomposingrtteanentum differenc® = p; - p»
into long, side, out components. For7— pairs the correlation peak at small Q is predominantly
due to the Coulomb attraction and can be well reproduced byudo@b wave calculation [23]
using the measured effective source size. Correlations af- are described by a product
of parameterised Coulomb repulsion [23] and the quantuiista enhancement, fitted with
a Gaussian parameterisation. The resulting radius paeasn&l., R..., Riony are plotted in
Fig. 22 versus the average transverse momentymafithe pair. No striking energy dependence
is observed. Within expanding source models the decreabelyiis a manifestation of the
strong longitudinal (R,,) and radial (R;s, R,.:) collective flow at SPS energies. Moreover,

there is little change in the lifetimg ~ Ry,,,1/7/Mz or the emission duratioAr? =~ (R?,,-

R2.,.)/3% of the source. The small value dfr does not indicate a soft point of the matter
equation of state of the kind discussed in ref. [13] near tieebof deconfinement.

3.1.3 Charge fluctuations

Recently it was proposed that event—by—event fluctuatibtiseocharge ratio R=NN_
or the net charge Q=N-N_ may be sensitive to deconfinement in the early stage of nsieleu
nucleus collisions [24, 25]. The smaller charge quanta iaréopic phase are expected to result
in a reduction of such fluctuations.

The fluctuations of the charge ratio were investigated véartteasureD [26] which is
corrected for the residual net charge in the considereditgpnterval Ay as well as for global
charge conservation. The preliminary NA49 results are shawig. 23 left and are found to be
close to the expectation for independent particle emigsimnglobal charge conservatiob (=
4) and do not change significantly with energy. No evidensaen for the reduction predicted
for aresonance gas nor for the large decrease expected (6PgQase. It is, of course, not clear
whether reduced fluctuations in the QGP will persist thraigthadronization, rescattering [27]
and resonance decay [28] stages.

The quantity®, was proposed in ref. [29] for studying fluctuations of the cledrge.

It is independent of the number of superimposed particlecesuand event—by—event fluc-
tuations of this number. It has value zero for independentigh& emission and -1 for lo-
cal charge conservation. Preliminary NA49 measuremergsphotted in Fig. 23 right ver-
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sus the ratio( V) /(Nen)ior Of the multiplicity in the acceptance window and the totallmu
tiplicity in the events. Again no significant energy depemzieis observed and the results
are close to the prediction for independent particle emisplus global charge conservation

®% = /1 — (Na) / (Nut)ror — 1 (ref. [28], line in Fig. 23).

3.1.4 Anisotropic flow

Anisotropic flow in non-central collisions is sensitive t@psure in the early stage of the
reaction, which can transform the initial space anisotrmithe reaction zone into an azimuthal
anisotropy of the momentum distribution of the observedigas. The onset of deconfinement
might result in a minimum of this effect [13]. Anisotropic Wois quantified by the Fourier
coefficientswv,, of the distribution of particle azimuthal angléswith respect to the reaction
planeV [30]:

v, = (cos(n(®; — U,,))) = V2(sin(n - ;) - sin(n - ¥,))

Corrections for reaction plane resolution, nonuniformrazial acceptance and momen-
tum conservation were applied. The resultsifo(directed flow) ands, (elliptic flow) for pions
are plotted versus rapidity in Fig. 24. The values #prdecrease from 40 (left) to 158 (right)
A-GeV by a factor of 2, whereas shows a slight increase.

3.1.5 Summary

The study of central Pb+Pb collisions in NA49 at 40, 80 and AS8eV led to the fol-
lowing conclusions:
— the produced number of pions per participant in Pb+Pb cofisschanges from suppres-
sion with respect to p+p reactions to enhancement in the 88§erange
— the fraction of produced particles containingr s quarks passes through a maximum at
low SPS energies
— strangeness production starts to be under-saturated egifiect to statistical equilibrium
at SPS energies at a level consistent with the deconfinerngpothresis
— no unusual features are found in the evolution of other dtaratics of the produced
hadron system
NA49 intends to close the data gap between existing measmtsnat the AGS and the SPS
with the approved runs at 20 and 30GeV in 2002.

3.2 Rare Signals

During the full energy Pb run in 2000, the NA49 experimenistged 3M central Pb+Pb
collisions at 158 AGeV. In order to increase the number of events per spill theing condi-
tions and the DAQ system were optimised for this purposerdgistered events were recon-
structed in summer 2001 after an additional calibratioarétind the introduction of necessary
reconstruction software modifications.

One goal of this study is to set an upper limit or observe a fiiosttive signal of rare
processes like production of open charm and vector megargl possiblyw via the dielec-
tron decay channel. Large event statistics are also retjtorstudy the production db, light
(anti)nuclei and resonances.
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3.2.1 Open Charm

Open charm production in A+A collisions is an interestingl amexplored subject for
experimental study. The measurement of the open charmgielddes a unique possibility to
confront pQCD—-based and statistical models of strongactens [31].

The basic channels considered in the NA49 open charm seaach a

D7t + K and D°—n +KT. (1)

In the analysis the invariant mass is calculated for all coatiions of a positively and a neg-

atively charged track, assuming one to be a kaon and the atpem. Given the large track

multiplicity in each event{ 1000 for a central event) the combinatorial background is clearl
the main challenge in the analysis. This background is rediby use of particle identification

(dE/dx, TOF) and by applying appropriate cuts on single track amdgbaracteristics.

The resulting mass distribution after background subtvags presented in Fig. 25 (left).
The background was subtracted by fitting3# (order) polynomial to the region outside tie
peak. Clearly, nd° signal has been detected. The total content of the four bimshacontain
the D° peak, is(0.20 + 0.54) D° + D° per event. This can be translated into an upper limit of
1.4 D° + DO per event (95% CL).

In Fig. 25 (right) the upper limit foD° production as determined in the present analysis
(square), is compared to various predictions of fifeyield. The two extreme models in the
plot are charm production from an equilibrated QGP[31] ljleist) and scaling of the yield
measured in p—p byi*/?, as predicted for a hard partonic process (lowest predictithe other
two models [32],[33] both use the measutéd) yields and different hadronization models to
calculate the charm yield. The present result clearly ededithe equilibrated QGP [31] and the
ALCOR hadronization model [33].

Also shown in the figure is the result without the use of then¢ésample of 3M events
(dot), demonstrating the increase in sensitivity obtawvéd the high statistics data.

3.2.2 ¢ production via the) — e™ + e~ channel

After correction for the decay branching ratio there is @édadifference (a factor of
several) between the yields measured in central Pb+Pb collisions at 15&&V via the
¢ — KT+ K~ [34] and¢p — u™ + p~ [35] decay channels. In an attempt to understand the
origin of this difference, NA49 started to stugyproduction in the dielectron channel, which is
in principle accessible to the experiment.

Electrons and positrons are identified usitfg/dx information and their invariant mass
is calculated. In order to minimise the large combinatdyatkground, cuts on single track and
pair properties are applied. The resulting invariant masstsum after background subtraction
is presented in Fig. 26 (left). No signal is observed. The total content of the bins containing
the¢ peak is(4.8+5.8) per event using the standard decay branching ratio. Thea&stil upper
limit for the ¢ multiplicity obtained from the» — ¢* +e~ channel is shown in Fig. 26 (right) by
the open (1996 data, 800K events) and full (2000 data, 2.4Mtsy squares. These preliminary
upper limits are below the results from the— ™ + .~ channel [35], but consistent with the
NA49 measurement [34] based on the- K+ + K~ channel.

3.2.3 Q production

The ) plays a prominent role for the understanding of heavy iogtreas. So far, only
one measurement by the WA97 collaboration exists, whiclkeisihe acceptance region close to

15



mid-rapidity [36]. The large acceptance of the NA49 expemitrtogether with the now available
high statistics for central Pb+Pb events allow to deterrtiie€) and(? yield over a larger region
of phasespace. Fig. 27 shows an example of the obsétved? signal, as obtained from a
preliminary analysis of 500k events.

4 Beam Request for 2002

Based on the above progress report, on the status of datsenan the discussion of
scientific priorities, and on the prospects for enhancedigkyoutput, the NA49 collaboration
proposes the following request for running in 2002:

4.1 Proton Beam at 158 GeV/c

In continuation of the programme presented in 2000 the lootition maintains the re-
quest for 4 weeks of running with proton beam at 158 GeV/c tadesl for doubling the event
statistics of p+p interactions.

4.2 Completion of Energy Scan with 20 and 30 AGeV

In the recent schedule of the SPS the number of days of lovgeri2d and 30 AGeV)
Pb-beam time was reduced from originally 10 to 7 days. Thasages, if confirmed, would
have a serious impact on our physics programme. In a memanmatwlthe SPSC [37] we give
the arguments which lead us to reiterate our request for aag0ahg low energy Pb running
period.

4.3 PbBeam at 158 AGeV for the Study of Low Rapidity A-Hyperons

A few days of running with central Pb+Pb collisions using duged magnetic field and
distance of the target to the first TPC in order to extend the@tance coverage fdrHyperons.

4.4 Deuteron Fragmentation Beam Derived from 158 AGeV Pb-Projectiles
For most of the full energy Pb-beam period the collaboragimposes to take n+p data
using a deuteron beam from fragmentation. By on-line tnigpggeon the spectator protons the

event statistics for neutron—proton interactions will leeidively enhanced allowing for a mea-
surement of cascade baryon production.
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Figure 1: Differential invariant cross section as functwfnp, at 2z = 0.2 for 7+ and 7~
produced in p+p and n+p interactions.
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Figure 3: Differential invariant cross section as functedmr at a)xr = 0.05 b) xp = 0.1 for
K* and K~ produced in p+p and n+p interactions.
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Figure 5: Ratios (K /7 H)MV/(K* /z*)?P and (K /7~ )MV/(K~ /7~)*P as fuction ofz . repre-
senting the correction factors to be applied when compdpibgPb and p+p interactions in
order to account for the proper isospin composition of thenetleus (60% n projectiles and
40% p projectiles).
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Figure 9: a) p yield as function aofr for p+p and n+p interactions as well as n yield as function
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Figure 16: Total pion multiplicity7) produced per wounded (participant) nucleon versus the
Fermi energy variable E s%% for p+p reactions (open symbols) and central nucleus—noscle
collisions (full symbols).
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extended hadron gas model [21].
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Figure 22: Gaussian radius parametefg.RR,.:, R, fitted to ther~7~ correlation function
evaluated in the longitudinally comoving frame plottedstes the average transverse momen-
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Figure 23: Measures of event-to-event charge fluctuationsentral Pb+Pb collisions. Left:
D versus the size of the rapidity windody. Right: ®, versus the ratidN.s)/(Nep)or Of
the multiplicity in the acceptance window and the total nmlitity in the events; the curve
shows the prediction for independent particle emissios glabal charge conservation (NA49
preliminary).
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Figure 25: The invariant mass spectrum for— 7 pairs after background subtraction in the
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Figure 26: The invariant mass spectrum 0r— e~ pairs after background subtraction in the
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Figure 27: The preliminary invariant mass distribution afrp of A and kaon candidates in the
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