Energy and Centrality Dependence of Deuteron and Proton Production
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In the NALD seperiment ot the CERN SPS the transvorse misa migdistributions for deutoronn
and protons (corrected for fesddown from weak hyperon decays) are monsared n Ph+Ph resctlons
nimr midrapidity and in the range 0 < m; —m < LO{LE) GeV/c® for & wide range of the collision
centrabity nt 158 AGeV und for the 7% most ceniral collisions at 40 wwil 80 AGeY bexn encrgies.

The rapidity density dn/dy and inverse slope parmmeter 7' derived from mg-distributioms ns well
as L conlesconer porameter B (ratho d/p”) sre studied an & functhon of te incident anergy and
il collision contrality. The deubiron my-apocten are significantly harder than those nfl protons,
mipecially i cmisl collmions. The coalescenoe factor By ghown o strong decresss with (nereasing
cenirnlity raflecting enlargement of te particle emison sosren i central Ph+PU collisions. More-
avar, the By exhibits o trond to incresse with incressing my. Also, the By shows n stesdily incresse
with decressing incident energy evim within the SPS enengy mnge. The rmults are disousssd and
compared to the predicted charactoristios of the models Uhat explicitly nclide the strong collectve
eorpnsion of the soiree creatod in Ph+Ph collisons.



L INTRODUCTION

Fur studying the evolution of the nuclear systems
created in relativistic heavy ion collislons the emitted
hadrony, in particular the protons aml light noclei, are
widely emplayed [1]. There is & great deal of evidence
that in enrly stage of high energy nucleos-nucles colli-
sions the nuclear matter is highly compressed and hot
reaching the energy densities an order of magnitude
greater than that of normal nuclear matter, With the
time, this system (firehall) expands wod cools, and the
interaction among the particles almost coases. Thin is
the latest time of the evolution of the firshadl, called the
stgre of freepeout, when o fragile lght noclei, in partic-
ular detiterans, near centor-of-mass rapidity are frmed.
Due to thelr small binding energy it 8 very probably they
will not survive repested collisions lnside the fireball aned
they are also unlikely to be the fragments of projectile
or target because of the violence of heavy lon collisions.
Thus, the observed detterons are balioved to be creatad
by coalescence vin correlation of protons and peuterons
at Treese-out,

Inn general, the coalescence models relate the mvariant
yiold of light nuclel with mass A to the A-th power of
the proton yisld [2], assuming the neuteron and proton
distributhons are identicn]
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The coalescence factor B4, which characterives the co-
alescence probability, depends on the nucleon density in
the fireball and thus en ity skee as well as on jts internal
dynumics , it may be messured in the experimont and
usex] for estimation of the reaction volume thet is cre-
ating the composite partcies. Severnl prescriptions sere
proposed to calculate & source radius based on B, pa-
rameter, where the coplesconce parnmetes sealed with the
reaction volume ns B o (1/¥V)4) [3-5]

Originally, the simple momentum space coakmoonon
motlels [6], which ssumed a coalescencrs o thle plaze be-
tween any nucleons with a small momentum difference,
suceessfully dascribad an early measurements of the light
nuche production in A-A collisions st Bevalac and SIS
energios of 0.2-2.0 AGeV 78] as well us in high energy
pt-p i pt- A collisions at FNAL [9]). Under the assump-
tion of a contant B4 the coalescence relation explaina
the yields of light auckel in above experiments and the
independemes of B4 on the beam energy and the sise of
colliding nuclel, s well as on the transverse momsentun
and raphdity was regarded ns & sealing behaviour [2].

Howewer, st the typieal AGS energies of 10-15
AGoV [10-14! und wt 168 AGeV at CERN [15-17] the
By wus found to be, ab lesst, un crder of magnitude
sasaller, and this observation was attributed to Use Inrger
souree velums: due to hydrodynamic expansion of the col-

pa=Ap (1

lision gone before freese-out. This approach was devel-
aped in thermal and density matrix coalescence mod-
als [4,5], which considered a significant expansion in the
pollizion volums, albelt po correlations betwesn pogition
and momentum of the nucleons were considered In their
presentation. However, the presence of collective mo-
tion(flow) leads not only to expansion of the collishon
volumne but also signoficant position-momentum correlo-
tions hetwenn particles ot freeze-out affecting the process
of cluster formation (29,17 Indesd, the owrall expension
of the syetem tends to reduce the coalescenoe probabil-
ity By spatially isolating{separating) nucleons from eath
other, wherens the collective flow, in contrary |, increases
B, affecting in the oposite dirsction, it makes more likely
for nucleons being clome in configuration space to have
also similar momenta and to make sasier cluster forma-
tion.

The advanced coalescence models [18-20] have recently
baen developnd for the systems with strong colleetive
expanpion including the effecta both larger source vol-
ume and collactive motion. A theoretical analynis |18,19]
has found that the inverse slope systematics and the -
dependence of B4 arise from an interplay of transvers
flow and the radinl dependence of the nucleon density,
and their functional discription have been predicted . In
this context, the experimantal study of the light nuckd
production st various bean energy, collision centrality
and transverse mass of emitted particlos is gront of m-
portance since it possibly might be used to disestangle
above competing effects governing the nuclear cluster for-
mution,

1. EXPERIMENTAL METHOD

The sxperimant was carried out with the NA4D nrge
sccoptance hadron detector [21] using external %Pb lon
benms with energies of 40, 80 and 158 GeV foncleon pro-
duoed by the CERN SPS. Charged particles emitted from
sollision with a Pb target of 224 mg/em? in thickmss
{equivalent to 1% interaction length) are detected over a
large fraction of a phase spoce by tracking in four large
walime Time Projection Chambers (TPCs). Two of them
(Vertex TPCa) are located in magnetic fold and two oth-
ghdes af the beam lns. Particle momentum sod velocity
are determined from tracking through magnetic field wnd
measuring the specific energy loss dEfdr in the TPC
gas with o resolution of about 4%, Two 2.2 m* time-ol-
Hight walls (TOF) containing 891 scintillstor pixels erch
are symmetrically situstied behined the Main TPOs on
hoth sides of the beam. The overall time resolution is
60 =70 po. In this work, the identification of protons and
dewterons were primarily sceomplished by the TOF mes-
surement, nugmentad by dE/dx information from TPCs
which provides substantial elimination of & vast souree



of background comicg [tam charged pions and ksons. A
particls identification capability s demonstrated in Fig,1

T=10 Qev

'l ] L ] # L
& josv fo' o [oe re'T

FIG. 1. o) lovarisnt mass spectra for particles af the mo-
ments p=4T GoV /e mnd p=7-10 GoV /c. The Gaunsian fit to
the proton and deuteron e pesks am shown oo shaded
T

Online event charmctoriaation and tripgecing s acoom-
plizhed by baum definition detectors locatod in the beam
line upstroam of the target and interaction counters and
calorimeters downstream of the target. The duts sam-
ple= were recorded with two trigger settings, providing
selection of the central pnd minkmum bjan events.

For central Pb+Ph collisions, the primary trigger de-
toctar i a aero degree calorimeter (ZDC) located down-
stream of the target hohind a collimator, which messures
the energy remaining in the projectile fragments travel-
ing forward as well ns the beam particles and specrotor
protons, neuterons traveling forward into the calorime-
ter, The upper limit on the ooecgy in &D0 woa set to
nocept the 129 most central events at 158 AGeY and 7%
at 40 and 80 AGeV from all inelastic Ph+Pb collisions,

In the messurements of the minimum bisn PhéPb
collisions, the Cherenkov counter s used to detect the
Cherenkov light produosd by non-mterscting projectiles
or fast secondary particles in the gas region immedistely
bahingd the target o order o veto thess events. Triggor-
ing is accomplished by placing an upper threshold on the
aignal from this Cherenkov counter in eoincidence with
valid signal from the bemm detectore.  Additionally, the
offline cuts on the e-position of the fitted primary vertex
were made to limit the fraction of the non-target back-
ground svents while minimising the bias fnposed aguinst
paripheral evonts.

I DATA AMNALYRISE AND RESULTS

For the present study of 158 AGeY Pb+Ph colllsions
320,000 contral aocd 735,000 minimum bias events were
usod. In briel, the data analysis procedure lncludes the
following primary steps. Reconstructed in TPCa global
tracks having momentum aod dE [dr information are ex-
trapolated to the TOF detector wall and ascribed with
the muss squared value m? derived from the thme-of- Hight
messurement. o furbter, only those tracks are accepted
for snalysis which have a single hit in the individual scin-
tillator pixel of TOF detector, Le. double hits, conver-
sion pairs from gammas in scintillator pixels are rejected
from the snnlysis. The corresponding efficiescy cormec-
tions have been applied to the date. The tracls are then
subjected to the identification cuts upon dE /de and m?
waluen th abder to select. thosn identified as the deuteron
or proton and to reject the plons and most of the lmons
optimizing the rate of deuterons{protons) and minimis-
ing the background contribution mostly coming from the
other charged partbcles. The correction factors for the
deuteron|{proton) bess and some reddual background con-
taminathon due to the cuts were estimated from experi-
meental distributions,

The centrality samples of Ph+ Pb collishons wre sefected
subdividing the forward energy E.o mensured fo zero de-
gres calorimeter ZDC into six bins. 1o each centrality bin,
i dirsct estimate of interacting or partlelpating rocleons
N sy s minihe by caleulating the net baryon number car-
rind by all particles emitted lrom the collision into phase
spuce region other than the spectator region [22). For
this calculation, the charged particle spectra measored in
almost full forward hemisphere aoceptable in the NA49
axperiment with only small extrapolation to benm rapid-
ity wore used |23,24). Here, a sealing factors detormined
from VENUS and RQMD event generators are employed
to rolate Ny to the measured yields of the net protons
and charged lmons used in caleulstions. The second wp-
prosch ies an estimate of the mimber of spectators in
an gvent vin o direct measure of the energy depoaited in
2DC by projectile spectator nucleons. Thin method re.
lies on both the event generation and GEANT detector
almulntion of Z00 Abave catimetes of Ny
from the measured finad spectra) and the energy (n ZDC
ngres well and consldersd rensonabile bounds on the true
menn | N} for esch centrality sample used in the anal-
yuin. The estimate of impact porametsr b s also hased an
the Eu measurement through the correlation of b with
the energy in colorimeter produced by events simulated
pt fixed & by nn event genecator, The collision centrality
parnmoters sre summsrissd jn Toable 1.



Tabla 1. Pb+Pb centrality bins from most central (1)
to peripheral (6). Columns show the Eur/ Fsegm ange,
the covered range in fraction of the total croas sectlon
Ty, the mean munber of participating nucleons (Ve )
nnd the impact parumeter & mange for the corresponding
croga Eections

Centrality |Ewi /[ Eieam
bsin

1 0 - .25

2 025 - [L40 e

3 (Al - .58 12-23  |24Z2 & 100 5.3-Tid
4 058 - L1 23-33  |1TEE 10 T4-OLY

i 0.71 - 0.80 3343|132 £ 10) S.1-10.2
L] 080 - 1.00 43-100 | 85+ 6 |10.3-14.0

The identified protons are contaminated by protons

from weak decays of strange baryonn thst were incos-
rectly reconstructed o a tracks from primary verbex.
They must be subtracted from the proton spectra inor-
dier to obiam the proton distributon from primordial in-
teractions, Le. the proton distibutions-at freeze-ont. This
background correction was asseseed using a GEANT-
basad Monte Clarlo slmulation of the decay of A and
hyperons nnd reconstruction of their charged decay prod-
ILCLE.
For generating representative phase space distributions
of the decaying baryors the recent results from the SPS
experiments WAST/NAST [27] and NA49 (28] on the A
production, including those from T%-decays, have been
wsedl. A small fraction of protons from B -decays was
enleulnted using the ROMDZ.3 model simulation,

The overall coptribution of feed-down protons was
foumil o be 20-26% and almost independent on the col-
lisicn contrality. Sinoe an experimental dats sre majorly
pmed thin sstimation gives o fiir scoount of the proton
freed-down correction intreducing refatively smnll systom-
mtic crrors of about 5-10% slightly dependending on the
collision eentrality

Geometrical scceptance cormection of the dats waa
dome by meand of the Monte Carls simolation of the
detector in GEANT. The tmek reconstruction efficiancy
was determined by simulation using the method of em-
bodding the tracks inbo real events, The tracking effi-
ciency was estimste] to be closer to 0% in the kine-
mntical range limited by the TOF acceptance,
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FIG. 4. Tronsverse moss distributions for denteroos in e
pldity bin 2.0 < y < 256 and for protons in mpldity bin
24 < ¢ < 28 mensared ai vmrious centralities af 158 AGeV
Ph4+-Phb collisiors. The ruras throngh the measured polns
represant fitn to Fg.(2). The fib parumeters ane Bsted in Table
2 The spectra wre seadod down by & betor of 10 succsssyaly
from uppar obe corresponding o the 5% contrality cut.

Aftor all correctlons, the transverse mass (m; =
VB +m, m - particle mass) distributions for deuteron
mied proton were obtained (Plg.2).

The wmy-distributions were fitted with the function
camposed of two exponentials:

_EN
miedenydy

ane of thern describing the lnrge my behaviour and the
ather one a deficit st small my. This expression is found
bo describe the data well, especially in central internc-
Hen whers the particle yvield at low my b6 suppressed
redative to pn exponential distribution of the Boltgmnnn
type. The lnverss slopes T were obtatned from the expo-
nential fits for my aboye the values where these devintions
are pot seen (my —m > 0.2-0.3 GeV/c*). The numerical
pitrammoters for the inverss slope T and the particle yiokd
dnfdy nre tabulated in Table 2 The last were obtained
by integrating the parametrized fit function over the full
my rangn, The ervors quoted (o Tabhs 2 are statistical,

The sources of systematic uncertainties are considered
includs possible srrom in the determinetlon of the sl
cency corrections ks discussed above, In partboular those
for selection of & single tracks n the TOF pixels as wall
na for particle identification and background subtraction
The last s partionlarly relevant to the diuterons st the
highest momenta asd the most periphecsl bing repre
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monted with relatively poor statistics. For protons, a
systematic error is additionally contributed on account
of the feed-down corrections, An estimation of the parti-
cle yield dn/dy represents extrapolation into unmessured
regiona under the explicit assumption of a certain ahape
of the my; distribution. The inverse slope parmmeter T°
depends on which range the data wre fitted, becauss the
data do not exactly follow the sssumed functional form.
For the deuteron results, the systematic errors have not
boen contributed substantindly as compared to statistical
errors resulting in the total errors for the nverse slope
T to be 4050 MeV, almost independent on contrality,
anid for the particle yield dn/dy to vary from 15 w 30%
in central and peripheral bing, respectively, The overall
uncertainty of the proton results ase about equally con-
tributed by the statistical and systematic errors and esti-
mated to be approximately 15 MoV for T and for dn/dy
getting slightly incrensed from 5 to 10% when golng from
the most central to peripheral bins,

Table 2. Inverse slope T and particle yield dn/dy for
druiterons (2.0 < y < 2.5) and protons (2.4 < y < 18] at
various centralifes in 158 AGeV Pb+Ph collisions. The
arrors ide EtatlEteal

Contrality | Ty dny fdy T, vy [ dy

P
[H af ﬂl"! {’li.llz ! {M!‘I":l
(=53 425 + 400032 £ 0.03| 308 £ 9 (296 £ 0.9

517 [421 £ 44|0.28 £ 0.03| 308 £ 9 |22.2+00
12-23 16+ 38021 £ 003 270 £ 9 [1456404
2431 [330+33/0.12 £ 002|273+ 10( 28203
3343|270 + 28[0.08 £ 0.01|245 £ 10| 6T 2 0.2
£3-100 [279 £ 35|0.04 £ 0.00 {216 £ 10} 2.0+ 0.1

The transverse moss distributions are st 40 and 80
ACeV beam snergles for the T9% most central Ph+Ph
collizionn which correaponds to the mesn number of par-
ticipating nucleons {Nyer: =349, The data nre messured
just elose to midrapidity, namely in the rapidity range of
L& <y < 2.3 for protons and 1.9 < y < 1.3 for deaterons
at 40 ACeY (¥om=222), and 1.8 < y < 2.3 for protons
and 2.1 < y < 2.5 for deuterons at 80 AGeV (¥, =206).
Ther number of analised svents won about. 400,000 for 40
AGeV and 300,000 for 20 AGeY. Analysis of the datn
have boen performed similarly to that of 158 AGeV en-
wrgy including the proton feed-down correction. For this
the MALY rusilts (28] oo the A production st 40 and B0
AGeV Pb+Pb interactions obtained from the same data
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FIG. A, Trassverss mass distribotionm for deslorons and
protond mesr midrapidity in central Ph+4Pb collisons st 40,
B0 and 158 AGeV. The solid hines illustrate fwo exponmtial
i to the data. The fitted porumeters ore foted in Table 3.

Fig.3 depicts the deuteron and proton mig-specten for
ull three energies together with n double exponential
function fitted to the deta Agnin, nn obvious deviation
from single exponential ghape ks seon. The numerical val-
ues of the inverse slopes T and particle yields dnfdy are
listad in Table § which have boan obtained ln the same
manner &5 thoss in above analysis of the 158 AGeV data.

Table 3. lnverse alope T and particle yield dn/dy for
deuterons and protons in cental Ph+-Pb collidons st 40,
80 nmd 158 AGoY boam energies Ejeam. For complete
mens, the yields at 11.7 AGeV Au+ Au collisions are nlso
shown., The errors are statistend

Bowam | T drig [y Te | dny/dy
ﬂf__}'ﬂ"] (MeV) { MV}

168 (4256 % 300,32 + 0.03| 308 £ 91206+ 0.9
B0 (360 4 16(0.50 4 0.04{260 4 111301 4 1.0
40 38 £ 0 (1.02 £ 006[25T £ 111413 = 1.1
nr - B.BD:I:EI'.Eﬂl - GO0+ 15

*I Ref |12], E-802 Collabarathon




IV. DISCUSSION

The transverse mass spectra for denterons in Ph+Pb
collinion st 158 AGeV are observed to be significantly
harder than those for protons, especially in central colli-
sionm. This s ustrated in Flg 4 where the inverse slopes
T and the nvernge Lransverse momenta (py) are plotted as
i function of the number of participating suclsong V.
To ohtain {py) overaged over full kinematical rangs, an
extrapalation to high py must be made. This extrapala.
tlon is typically soma leas than 10% aad 20% for protons
and deuterons, reapectively, and done by ftting the mes-
sured spactrn by Eq(2) which, as discissed early, fits
the spectra well. For nll centralities, T' and (py) ls larger
fror desterons and this effect is most prosounced in cen-
tral collisions. The difference in T approsches sero maore
rapidly than the difference in (p). This indicates that
the low py effects observed in the deuteron and proton
distributlons are less dependent on the system size than
the high py spectral shape. It is abw seen, that inverse
slopes of the deuterons and protons decresse with dimis-
ishing contrality converging at approximitely single value
of T' = 200 MeV in the most peripheral poimis,
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FIG. 4. lnverse slops parameter T and avernge (rans-
verse momentum (py) for deuterons in the rpidity range
20 < y < A6) and for profons st 24 < g < 9.8) o e fune-
thon of the mtimated M b 158 AGaV Pb+Ph collisions.
Civerluld os the points am the polinomial fits to anclsriine the
trenel. The errors sen statintioml.

Froom central dits al 40, 80 and 158 AGeV, there b o
elenr evidenes that the m-spectra for both degterons and
protona get Astter with incressing the ibcident enorgy.
Alsy, an obvious dieviation from i single sxponential ot
amall mmy, 8o colled ‘shoulder-arm’ shape of the transyerse
mass distributions discussed, for ecunple In [34], 18 bold

for all thiee ensrglos.

Above olwervations, an increase with mass of the in-
verse slope parameter and deviation of the me-spectrs
from an exponential distribution ot emall transverss mass
aa well a5 the evolution of these features with centrality
pnd benm energy are the predicted choaracteristics of col-
loctive How [29,47|, which are expectod to be strongsr
in central rather than peripleral collisions, similarly to
what is observed in the measyrement.
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FIG. 5 Inverse slopn parnmeters T for various partiche
spocies menmired by NA 40 near midrapidity in central Fb4+Ph
collinbons at 40, 80 and 158 AGeY bonm energien. Solid and
open poalits sre for for particls and antiparticles. respectively,
The data for 7~ and K= we from Ref, [43], A and = baryons
are from Flel [28] and {44,456, respectively, for ¢ mesnms are
from Rl |45, wheress the results for p and d are obiaimed
in this work. The gquoted errors mro statistical

The study of transverse mnss spectra at the top SPS
energy has been carried out by several experiments and
it was realised that the inverse slope T of the trans-
verse mans distribution increases steadily with the masa
of the consideced particle (for review see [42]). This
waus expluined as ariging from the relativistio superpo-
sitbon of the expanding system ples w radinl collective
flow 30,37 48|,

The present data together with those mecently obtained
by NA49 (28,4345 extended the results on & mass sys-
tematics of inverse slope to the lower region of SPS en-
ergy and for various species of emitted particles, from
plong o deuterons, which are depicted in Figh. The
study s performed with dentical experimental appara-
tus, thus largely eliminating possible syetematic uncer-
tainty in comparing cifferent energies. The previous
ohservations on the it slope paraimeters I central
Pb+Pb collislons ot 154 AGeV as increasing with in-
creasing o mass of emittod partiches i further supported



by the messurerments ot 40 amd 80 AGsY bapm energies.
It b also seem from the fgure, that the inverse slopes
Far light particles, #— and K*, show no visible varistion
with benm energy , at lenst within the errors, wheress, for
hoavier spocies, p, d, A, and ¢, the mverse slopes exhibit
gyatematic incresse with increasing the beam energy even
ik the BPS energy range

The deuteron measurement together with the mesure-
ment of protons allows for the determination of the
deateron coalescence parameters By which can be cal-
cubsted from our date spplylng & generalized Eq.(1) for
the produced cluster of A=2 .

The measured gquastities of By at small py close to
gero In rapidity bin 2.0 < y < 2.5 versus the number
of participating nucleons Npue ate plotted at the top
pannel of Figh along with o comparative dats deduced
from the NASZ experiment [15]. Nunerical values of By
fre tabulated in Table 4.

Table 4. Conlescence purnmeter By al nearly sero p, for
wlx cantrality bins specified by the mean nombars of par-
ticipating mucleons {Noe). The estimated total errors
re quoted

N ) 85 132 178

By 10* (GeV? /M {32.0 £ 0.0|2T.0 £ 8.0{16.0 £ 4.0

{Npurt) 242 300 366

By 10* (GeV2/eN 1004 25) 65415 45410

Being in » good consistency, the resmlts show that the
coalescence parnmeter in the most central Ph+Pb inter-
acthons { By = 4.5 107% GeV? /! | is pearly one-tenth
of that measured close to the most poripheral polobs ex-
hibiting a strong centrality dependonce. Similurly to the
interpretation of the drastle drope in B st higher ener-
gies, the obsarved centrality dependence of By also may
Imply & changing effective freese-out volume of the emis-
gion sorce arising from the dynamics of the oxpamsion

The By parameter may be related through the co-
alescence models to the size of the particle emission
source [3-56). As the dynmmics of the collisions is belived
to be importunt for the coalescence mechanism we fol-
lowed the model by Schetbl and Helne [19] that explicitly
congider rapid collective expansion of the collision sone.
The model includes the effect of collective fow L den-
uity matrix approach for coalescence and results in o con-
nection betwesn the By and the volume of homogeneity
(the interaction volume) as By & 1/(RY,, - Ring) given
by equations (6.3) nnd (6.4) of Hef. [19]. The terms R,
il Rygny are the transverss and longitudinal dimensions
of the eimlalon soures at freege-out which nre comparable
to Lhone extracted from HBET interferometry.
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FIG. 6 Top: Deuteron conléscence [cior By in 158
AlleV Phet Ph collisions nese #sro fy oad repidity terval
20 < y < 15 in ilustrated ms o function of the number
ol participating nuckons Nper: snd compared Lo the result
of the NASZ mensurement [15] at y=3.7 (y=211 reflocted at
midrapidity yom=201). Bottom: Source radius parnmeter
R extracted from the messured By in the context of the
conlescence model |1] and from the HET data of NA4S for
correlations of == (19, KK (41| and pp [40] paies shown as
nhaded bands indicating the estimntad aystematic ereors.

Uning the prescription of the model and our results on
By we sstracted radivs parameter of the system R for
each centrality bin written as Rg = (R < Riomg)'?
which are displayed in the bottom panel of Figs by a
sofid pointe. The radiug parnmeter B as a function of
Nourr derived from the recent HBT results of NAAG s
also presented in the figure as n shaded bands specifying
the estimated uscertainty of the dati [t is important to
note, as the source sise extracted n the context of the
conlescence model corresponds to setting my=my, the
radius paranseters Ry 60 Mg, used for comparkson
should also be relative to aimilar my value in the HBET
CREE.

For this caleulations, the redius parsmetors measoced
for pion-pairs at my = 0.2 GeV /e for various Nyqr were
corrected to the my walue penrly equal to nucleon mnss.
The latter was done employing the my distributon of the
parnmetor fg desdved from combined ananlysis of the
correlntion data or ww {30, KK [d41] and pp [40] pairs in
central 158 AGeV Ph+Ph collisions. Above m, distribu-
tlon Is in u good consistency with the NA4GY results [49].

It iz pbesrved from the deta, that the radivs param-
aber derbvisd from the coalescence data s rsther consis-
tont with those from HBT resutts in peripheral and mid-
central Ph+Ph collisions, while approsching to the cen-
tral intersctions it increases stoeper gelting aboit two
timen lneger than that from HBT



There bs another hint on possible discrepancy batween
the coslescence snd HBET calculations of the source aize.
Namely, the difference in By in central Pb+Pb collisions
at 40 and 158 AGeY, to be shown, accounts for about
30% difference in the Rg value, which is however oot
seen in the HBT case [39).
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FIG. 7. Coalescenca fnctar 8y e 168 ACleY Ph+Fb reac-
tlon #e m fanction of the deuleron transversn mans mg — ™
for three sets of ooptrality cuts.  Shown overlaid on the
points are curves of the exponential it of the functionsl form
Bylm)=a - exp(bim, — m)). The dotted lines represent the
affect of thie 1o srtom of the Atbed puremeter b, The srror
ham are statisticel.

Depetlence of the coslescence parmmotor By on the
deuteron transverse mass rn; — m (8 displayed in Fig.6 for
thres centrality regions covering (0-12)% |, (12-33)% and
(33-100)% of opoe. The solid lines overlaid on the points
are the exponential fit of the functional form Bylm,) =
a - expib(my; —m)), The figure demonstrates that the
conliscence probability By incresses st large m; values
in sach of three centrality selected date samples. In the
misantime, while the Grat two mope central bing repressot
rensonably exclusive cuts on event geometry, the third
mwre peripheral bin represents the svents averaged over
a lasge range in collision geometry. However, it is belived
that in a fur reaching peripheral collisfons there will be
no iy dependence of By, o feature expected because of
the differeties in luverss slopes for deuterons and protons
approaches to gero, s it s evident in Figd,

It ghoubd bi nobed that the proton and deuteron distri-
butions dsed for By ealeulation ot 168 AGeV are mes-
sured ot exactly i stmilar but partially overlaped rapid-
bty Inbervals. It introduces some uncertaloty which i es-
timated uaing the daka [22-24] to b rather sinall entirely
contalised within the quoted systemintic errors for By, To

give the numerical values: if the proton data at rapidity
24 < y < 2.8 are correctad to the rpidity intervil of
the deuteron messurements 2.0 < y < L5, the proton
vield dn/dy increases by nearly 5% and the inverse slope
systematicaly decreasss by 10-15 MeV at most | and this
results In approximately 10% reduction in By at small
my, values and slightly steepor increase with m, getting
about 10% growth at m; —m = 1.0 GeV/e.

In the recent models [18,19] that conabder strong collec-
tive expansion the cluster spectra and the conlescence pa-
eameters were caleulated for various functhonal forms of
nucleon density and transvenis expansion velocity. From
these study, the incrense in By with transverse mass and
larger knverse slope for deuterons than for protons ob-
gorvied in the experiment well consksbent with o constant
transverse density distribution of the source st freesn-
out, which is closer to a box than & Gaussinn ahape, and
with o lnear radinl flow velocity profile.

The B; values measured st 40, 80 and 158 AGeY beam
energies for central Pb+Phb collisions wre displayed in
Figh. A comparstive datn measured at the other en-
argies are also shown. A repestedly reviewed feature of
decrense in Ay with increasing beam energy is supported
by the present measurements exhibliting n contimos rise
of B2, at least by a Iactor of 2, when going from the top
SPS snergy to the energios of AGS.
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FIG. 8 Conlescence factor 8y for central PhPh collisions
at 401, #0 and 158 AGeV beam energies roviowed together with
thooe from the Bevalae [8], AGS |10,11,14] and SPS [15,18].
Tht dsta for rentrd collintons of hewvy sysiams messirml near
midrapidity are only wed. The result for anti-deaterons from
the RHIC measured by STAR {38] = alao quoted.




V. SUMMARY

In central 158 AGeV Pb+FPb collisions near mideapid.
Ity the deuteron imverse slope [Ty = 430 MeV) = con-
sidenrably greter than the slope for protons (T, = 310
MeV), while In moat peripheral colllsions they both de-
creass comverging ab about Ty, = 200 MeV. Tha spectta
show i devintion from an exponontiol beheviour nt small
my which |s most pronounced in central bins rather than
peripheral These fostures are also valid for dewtoron and
proton my spectra in eentral Pb+Pb renctions st 40 and
B0 AGaV ncident snerjies.

The coslescance factor in most central bin is estimabed
to be By = 4.5- 1074 GeV? /2, and it increases by about
an order of magnitude when approaching to the most pe-
ripheral collisions, by this exhibiting a strong dependence
an the system eizge of the collision. The coalescence pa-
rameter By shows the trend of incressing at large truns-
verse mnsa mg. 'L e observed incresse in By with trans-
verse mass supports the (conclusion ){ prediction) that the
emission soarce {pucleon density profile)( the radisl den-
gity profils of the nucleon source) s closer to the box
shape with a sharp surface, and the transverse mxponsion
volosity profile s nearly linear. The By steadily decreases
with increasing the beam epsrgy in the range between
AGS and SP5 top energies.

Thee radius parameter of the particle emission source
R derived from the By measurement is satisfactory con-
gistent to that from Bose Einsteln correlations in periph-
arid and mid-central Pb+Pb eollisions while approaching
to central collisions it rised stesper than radios obtained
from the correlation analysis. The radius parnmeter ob-
tained from the HBT data changes less with centrality
than radius derbved from the By memsirements in the
context of the conlescence model.

In peniral, above obesrvations are consistent with the
fentures predicted by models that inolude in considers-
tion the presence of b strong collective expansion in heavy
ion nuclebs-mackeus collisionn,
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