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Production of particle unstable light nuclei in 11.5A GeV/c Au+Pt heavy-ion collisions
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We report measurements from experiment E864 at the BNL-AGS of the yields of particle unstable light
nuclei in central collisions of®’Au with beam momentum of 114GeV/c on °’Pt. Yields are reported as a
function of rapidity for the nucleffH, “Li, SHe, andSLi in the rapidity range fromy, ,, t0 y.m+0.8 and in
the transverse momentum range of approximately=@4/A<0.4 GeVkt. The yields are compared to previ-
ously reported yields and trends for the production of stable light nuclei. The nonobservation of two excited
states®Hels 75 mev @Nd °Lite 65 mev IS Used to set an upper limit on the yields of these states.
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[. INTRODUCTION the collision system, one must use the only available tools—
the species and momenta of the particles which exit the
Relativistic heavy-ion collisions which are believed to collision region. Because of the violence of heavy-ion colli-
reach energy densities many times greater than normaions, it is highly improbable for a nuclear cluster near
nuclear matter allow examination of the strong interaction incenter-of-mass rapidityyc ,=1.6) in a collision at these
a novel environment. In order to understand the dynamics oénergies to be a fragment of the beam or target nudlelis
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This would involve a cluster suffering a momentum loss ofposite objects. The apparat(Sig. 1) has been described in
several GeW¢ per nucleon that does not destroy the clusterdetail elsewher¢6], so only the key items for this analysis
which is typically bound by only a few MeV per nucleon. will be described here. The 11A5GeV/c beam of Au ions is
These nuclei then are formed by coalescence and so reprgcident on a 1.5-cm-thick Pt targé80% interaction length
sent correlations of several nucleons. As the mass of medor Au). Beam definition counters and a scintillation multi-
sured nuclei increases, so does the number of particles iylicity array[7] near the target form the first-level trigger for
volved in the correlation and so does the sensitivity tothe experiment. Downstream of the dipole magnets, scintil-
features of the freeze-out distribution. lation counter hodoscopes and straw tube arf&yprovide

In part due to the fragility of these states, the observyimg of flight (TOF), energy loss, and position measurements
edlight nuclei are believed to be formed only near freeze-ou hich allow off-line calculation of the charge, velocity, and

of the collision system, at which time the mean frge path Origidity of charged patrticles and thus the mass, momentum,
a bound cluster is long enough for it to escape without fur-

- . :;rmd species. A highly segmented scintillating fiber and lead
ther collision. We have previously reported measurements qnadronic calorimetef9] at the downstream end of the ex-
yields of stable light nuclei up t&=7 in collisions of 1%’Au

With beam momentum of 1146GeV/c on 97Pt and 2%%Pb periment allows an independent measurement of the TOF

targets and have discussed the trends of these measuremedftsl €nergy for charged particles and identification of neutral
[2—4]. AtAGS energies many measurements exist of particld@'ticles. The tower-by-tower correlated TOF and energy
specira for single and composite hadrons in heavy-ion collil"omM the calorimeter are used to make a second-level high-
sions[5]. Measurements of the yields of particle unstableMass trigge(LET) [10]. The LET trigger can reject interac-
nuclei can provide further insight into the evolution of the tions with no high-mass particle in the spectrometer by a
collision environment. We designate the resonant states mefactor of 50-70. _
sured here as “particle unstable” to distinguish them from Data from two separate runs are used for the analysis
nuclei which are stable or decay by weak interaction. In theresented here. For both sets the first-level trigger selected
discussion below, any nucleus with a lifetime long comparedhe 10% most central interactions. A large data sample was
to the time to traverse the E864 apparatssl00 ns) will be ~ 'ecorded at the highest spectrometer fidic T) with a pri-
designated “stable.” mary goal of searching for strange quark matter. At this field

In this paper we present measurements of the yields of thgetting the majority particlesp( =) are swept out of the
particle unstable nucléiH, “Li, ®He, and5Li and limits for spectrometer aperture. There is still moderate acceptance for
the yields of two excited State¥He?, 75 ey @A SLi% 66 oy “He and 3_H ions and good acceptance for neutrons. With
in the 10% most central collisions dP’Au with beam mo- these settings 25010° LET triggers were recorded which
mentum of 11.8 GeV/c on **Pt. These are compared to sampled 1% 10° 10% most central interactions. This set of

. . ) 5
the trends observed in the stable nuclei yields. We note th&ata is used for théH and °He measurements. A second set

the widths of these unstable statésss than a few Me\?) ~ Of data was recorded at a lower field setti@g4S T) with
give lifetimescr=40 fm, which means most produced nu- good acceptance for protons and all light ions. At this setting
clei decay outside of the collision volume. 45x10° LET triggers were recorded which sampled 1.9

X 10° 10% most central interactions. This data set is used for
the “Li, SLi, and excited state analysis.

Il. EXPERIMENT 864

A. Apparatus B. Data analysis
E864 uses an open geometry two-dipole spectrometer de- Single-particle species are identified by using the charge
signed for high-sensitivity searches for exotic and rare comand mass calculated from rigidity, energy loss, and TOF for

014906-2



PRODUCTION OF PARTICLE UNSTABLE LIGH . .. PHYSICAL REVIEW C 65 014906

charged particles and the mass calculated from the TOF and
energy in the calorimeter for neutral particles. Details of the

particle identification a}nd resolution are .given. in pr.evious L[ SE— L ++H+—++++++—+—+—{ +++¥+;H+++ﬂ+ﬁﬁ
paperg 2,3,6]. The particle unstable nuclei are identified by A
their decay into two daughter particles: +
+
.
“H—3H+n, 081 4
i (o)
Li—°He+p,

0,6 | | | |

*He—“*He+n,

ot
T S TR | SR S (0 TP
SLi—“*He+p, 1 et T

5 3
Hel 75 mev—"H+d, 08 L

SLi%s 66 mev— “He+d.

Same Event Pairs / Mixed Event Pairs

(b)

| | |
2.815 2.82 2.825 2.83
deuteron—proton Invariant Mass (GeV/c?)

. . 0.6
For a given unstable nucleus events are selected which have

at least one identified daughter of each type. Both particles
are required to pass track or shower quality cuts and be con-
sistent with coming from the target within the experiment's  FIG. 2. Determination of the Coulomb correction from the
aperture. All pairs are used to calculate an invariant masgeuteron-proton invariant mass spectrum. Péalethows the ratio
spectrum. Since most entries in this spectrum are uncorref the same event to mixed event mass spectrum with no correction.
lated background, one must determine the shape of the bacRanel(b) shows the same with the Coulomb correction.

ground spectrum. This is done by combining daughter par-

ticles of one type from one event with daughter particles of gqy pairs where both particles are charged the mixed
the other type from another evef@vent mixing to form a  gyent invariant mass spectrum is modified to simulate the
mixed event invariant mass spectrum. Coulomb interaction of the pair, so it will be canceled by

An additional cut requires the particles of a pair in bothgyhiraction from the same event spectrum. The form of the
the same event spectrum and the mixed event spectrum 10 &, jomp interaction is taken to be a simple formula sug-

separated by more than the two-track resolution in the re'gested by Baym and Braun-Munzinddu]:
evant detectors. For charged pairs the cut is adjusted to be
well beyond the observed two-track resolution in the track-
ing detectors. This resolution is set by the width of the slats q? a5 ZiZ,
in the scintillation counter hodoscopés1 cmin H1, 1.5 cm 2Myog - 2Myeg + ro @
in H2, and 2.3 cm in HB The cuts used are 5 cm at H1, 6 cm
at H2, and 7.5 cm at H3. The calorimeter is not used in the
analysis of charged pairs, but is is used in the trigger. Thavhereqg is the measured relative momentum of the pais
trigger uses the correlation between the energy and timthe modified relative momenturm),.q is the reduced mass,
from each calorimeter tower to select events more likely teandZ; andZ, are the charges of the two particles. The one
contain heavy particles. An additional requirement imposedgarameter, which accounts for the average distance be-
off line that the two tracks be separated by more than 30 cntween the particles in the pair at freeze-out is determined as
in either the horizontal or vertical direction at the calorimeterillustrated below from the deuteron-proton invariant mass
assures that there is no correlation in the same event paispectrum where no other significant correlations are ex-
due to the trigger which would not be present in the mixedpected. Figure 2 shows the ratio of the deuteron-proton in-
event pairs. A single calorimeter module is 10 cm horizontalvariant mass spectrum for same event pairs to mixed event
by 10 cm vertical. pairs without the Coulomb correcti¢fig. 2(a)] and with the
For pairs with one charged and one neutral particle, th&Coulomb correctior{Fig. 2(b)] using the value ,=3.7 fm
neutral particle was required to be on one side of the detectarhich is the best fit to give a flat ratio after the correction.
(horizontally) and the charged particle on the other side withWe note that the shape in Fig(a® is dominated by our
the two sides assigned to give optimum efficiency for simu+esolution. The maximum shift ig for the Coulomb correc-
lated decays and the separation between the two sides larggon used here is ai=0 and is 22 MeV¢ while our resolu-
than the two-shower resolution in the calorimeter. The two+ion in g is 35 MeV/c. Modification to the subtracted spec-
shower resolution is set by contamination cuts used in thérum from the Coulomb interaction of the particles in a pair
off-line shower analysis which tended to eliminate closewith the field of all the other particles is ignored. This inter-
pairs of showers up to a maximum distance of 30 cm verti-action affects the single-particle distributions and should
cally or horizontally. The minimum distance between the twolargely cancel in the subtraction. Although other treatments
sides of the detector used in this analysis is 30 cm. of the Coulomb correction have been publishgt2], for
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4.66 4.68 4.7 4.72 4.74 4.76 FIG. 4. lllustration of second method of mixed event analysis.
p — *He Invariont Mass  (GeV/c?) Panel(a) shows the invariant mass spectrum for mixed eyefite

pairs with a correction to simulate the Coulomb interaction. Panel
FIG. 3. lllustration of first method of mixed event analysis. (h) shows the Monte Carlo simulated signal foki. Panel (c)
Panel(a) shows the invariant mass spectrum for same epeftte  shows the same event mass spectfgircles overlayed with the
pairs. Panelb) shows the invariant mass spectrum for mixed eventsum of the Monte Carlo resonance spectrum plus the mixed event
p-*He pairs. Both spectra are for pairs in the rapidity range 2.0spectrum normalized with the parameters from a linear fit to the
sys2.2and 0.5pr/A<0.4 GeVk. The shading in both shows same event spectrum as described in the tsgtiares Panel(d)
the region integrated to normalize the mixed event spectrum to thehows the result of subtracting the normalized mixed event spec-
same event spectrum. Parte] shows the result of subtracting the trum from the same event spectrufircles with the normalized
normalized mixed event spectrum from the same event spectrunMonte Carlo spectrum overlaye@quares The arrow shows the
The shading shows the region summed to countthiesignal. nominal 5Li mass. The plots include data from the full rapidity
range to decrease the statistical error so that fine binning may be
exampleg, since the shape in our data is dominated by oumwsed to see the shapes.
resolution, this simple parametrization is adequate for the
analysis presented here. number of°Li in this rapidity and transverse momentum bin.
At this point, the shape of the mixed event spectrum is The second method is illustrated in Fig. 4. Same event
assumed to represent the shape of the uncorrelated backad mixed event invariant mass spectra are generated as in
ground plus the Coulomb interaction in the same event speche first method. Additionally, an invariant mass spectrum is
trum. However, the relative normalization of the two spectragenerated by using Monte Carlo generated resonance decays
is still unknown. The mixed event spectrum is normalized towhich are simulated through the entire appardtosluding
the same event spectrum to extract the signal in two ways. ldetector resolutionand reconstructed. The top panel in Fig.
the first method the mixed event spectrum is normalized tal(a) shows the mixed event spectrum from the data and Fig.
the same event spectrum in a mass region above the expecté@) the Monte Carlo simulatedLi spectrum. A linear sum
signal. This is illustrated in Fig. 3 where the top and middleof the Monte Carlo spectrufirig. 4(b)] and the mixed event
panels show the same event invariant mass spectrum and tbpectruniFig. 4a)] is fitted to the same event spectr{ifig.
mixed event spectrurtwith Coulomb correctionfor the °Li 4(c), circleg. Figure 4c) (squares shows the result of this
data sample in the rapidity range &§=<2.2 and 0.1 two-parameter fit overlayed on the same event spectrum. To
<p;/A<0.4 GeVkt. We typically mix the tracks from one see the signal more clearly one can subtract the mixed event
event with several other events so that the statistical error ispectrum scaled according to the fit from the same event
the subtracted spectrum will be dominated by the number a$pectrum. This is shown in Fig.(d) (circles where the
pairs in the same event spectrum. To obtain the normalizaMonte Carlo spectrum scaled according to the fit is over-
tion between the same event and mixed event spectra, the biayed (squares The signal is integrated in the subtracted
contents for each spectrum are summed from 4.68 &eM/  spectrum as in the first method. We have included data from
the highest mass entifyvell off the plot in Fig. 3 as indi- the full rapidity and transverse momentum range used in the
cated by the shaded region in Figéa3and 3b). The ratio of  analysis in Fig. 4 to improve the statistics so as to be able to
these sums is used to scale the mixed event spedtniddle  use finer binning to compare the signal shape from the data
pane) and the scaled mixed event spectrum is then subto the Monte Carlo signal shape. For the results presented in
tracted bin by bin from the same event spectrum. The resulthis paper, the two methods agree well within statistical error.
ing subtracted spectrum should display the destdaignal ~ We note that the signal width in Fig. 4 is dominated by our
and is shown in the bottom panel in Fig. 3. The shadedesolution. Reconstructing Monte Carlo simulateid de-
region in the bottom panel in Fig. 3 is integrated to count thecays including the detector resolution gives an invariant
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TABLE I. Acceptances in percent folLi decays with a magnetic field of 0.45 T. The first line is the total
acceptance. The second line is the acceptance fai decay when thé'He is inside the calorimeter trigger
region. These are typical of the acceptance for the data reported here.

Rapidity 1.7 1.9 2.1 2.3

Acceptancg%) for SLi 1.8 4.4 7.7 10.0
Acceptancg%) for SLi when “He is in the calorimeter trigger region 26.1 437 61.7 73.0

mass peak with a width of 4 Me¥? [full width at half ~ ~0.7). For neutral light daughtefseutron$, the combina-
maximum (FWHM)] while the natural width isT tion of cut efficiencies and loss due to overlapping showers
=1.5 MeV/c? [13]. in the calorimeter is calculated from embedding simulated
Mass spectra are made for all rapidity bins with enoughshowers in a real event(0.3 combined efficiendy A cor-
data to see a signal. As a result of the limited statistics, dateection is made using the Monte Carlo resonance shape for
are combined over a transverse momentum range of approXess of signal outside the mass region used for the signal
mately 0.k py/A<0.4 GeVk. To compare the yield of un- which varies from~5% in the lowest-rapidity bin te= 10%
stable nuclei {ynstanid to the yield of the species of the in the highest-rapidity bin. For thd=5 ground states, a
heavy decay daughtel{;e,,,) we measure the number per correction is also made fotHe contamination of théHe by
collision, N(y,p,), of each in a given rapidity binXy) and  extrapolating the*He shape under théHe peak. This cor-
in a p, range @p,) centered abouty,p,). The invariant rection is field and rapidity dependent, varying from less

multiplicity is given by than 1% in the low-rapidity bin (18y<1.8) to 16% at the
1 N(y,py) high-rapidity bin and low-field setting (22y<2.4 and 0.45
Y(Y.P)= 5 - (2)  T). All these corrections are calculated as a function of ra-
2P APAY pidity and in the sam@+/A range used for the analysis.

Systematic errors that we have characterized include
variation of the calculated acceptance with assumed produc-
v N 2 tion model (=15% in the lowest-rapidity bin te 3% in the
unstabldY:Pt) _ “”Stab'éy'pt)( mHea”VE) highes}, uncertainty in the correction for contamination of
Yheay(Y.PF)  Nueay(¥.p}) | Munstabi “He by 3He for °He and®Li (only significant in the highest-

rapidity bin, =8%), anduncertainty in the Coulomb correc-
> . tion for charged pairs£ 5% to = 15% depending on species
accepty, p,) X effic(y,py) X niarg” and rapidity bin. To estimate possible systematic errors in
3 calculating the acceptance due to the uncertainty in the shape
of the production spectrum, we used several variations of the

where accepi(,p,) and effic/,p,) are the acceptance and production model. We characterize the production by a Bolt-

efficiency for the light daughter when the heavy daughter hagman distribution inm; and a parabolic shape in rapidity

been accepted and the unstable parent is in theyom), As ~ (¥): dN/dy=a+b(y—ycm)® This parametrization de-

is the practice in calculating the invariant coalescence factor§cribes our previously measured spectra for stable nuclei pro-

B,, we wish to compare the spectra at similar velocitiesduced in these collisior|2]. We varied the inverse slof#&)

since the constituent particles must be close in velocity tdn the Boltzman distribution from 69 to 180A MeV and

coalesce. Thus we take the ratios in the same rapidity bin anéaried the concavity of the rapidity distributiorb/a in

with the p, bin width and center for the heavy decay daugh-above expression faiN/dy) from O (flat) to 12. We note

ter, p¥ , Ap}, scaled from those of the unstable parent pythat in themt'a_nd rapldlty range of our measqrements the

the ratios of the masses of the two nudisge, for example, 0bserved rapidity concavity for the ste_lble nuclei ranges from

[14], Eq. (1.2) and the following text Finally, 74,4 is the 0 forA='1 to3 forA.=4, increasing wan We also usgd a

calculated target absorption for the light daughter. In thismodel with a Gaussian variation of the inveggeslope with

ratio, the trigger efficiency, acceptance, detector efficiencyrapidity: T=112+117Ae” " Yem)20* (MeV) with width

and target absorption of the heavy decay daughter cancel. c=1.1. For all these variations, the calculated acceptance
Table | shows the acceptance fili decays in the kine- varied by*3% to = 15% of itself depending on rapidity bin

matic range accessible for the 0.45-T spectrometer field se&nd species.

ting. Also shown is the acceptance foki decays when the For “Li and “H we note that the widths of the recon-

decay “*He is in the region of the calorimeter used for the structed invariant mass peaks are narrower than the value

level Il trigger for this data set. These values are typical forgiven in Ref.[13]. For example, for’Li the width that we

the acceptance for the unstable nuclei reported here. observe is consistent with our resolution for a zero-width
For charged light daughters the efficiency includes detecpeak (3.5 MeV/c? FWHM). We conclude that the width is

tor and cut efficienciegfrom data~0.8) and occupancy ef- less than~3 MeV/c? which is consistent with other mea-

ficiency due to loss of the light daughter from overlappingsurements(e.g., [15,1€)). The value of this width slightly

tracks (from Monte Carlo tracks embedded in real eventsaffects the acceptance and the correction for signal lost out-

The ratio is given by
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0.05 0.1
o “H/H, P, < 1.0 Gev/c A °Li/*He, P, < 2.0 GeV/c
A *Li/*He, P, < 1.5 GeV/c ® °He/*He, P, < 1.5 GeV/c
0.08
0.04 |-
3
0.06
<
NII) 0.03 |- ~
i p B
~ Jo.os
‘I‘I' 0.02 | —A— ——+—
< — _+__*__+_ 0.02 |
0.01 |
0 | | | | |
1.6 1.8 2 2.2 2.4
Rapidity
| | 1 1 |
% 1.8 2 2.2 2.4

. FIG. 6. Ratios of invariant multiplicities oh=5 unstable nuclei
Rapidity to invariant multiplicities of the heavy decay daughter species. Data

. . . N _points for different species are offset slightly from rapidity bin cen-
FIG. 5. Ratios of invariant multiplicities A= 4 unstable nuclei ters for clarity.

to invariant multiplicities of the heavy decay daughter species. Data

points for different species are offset slightly from rapidity bin cen-

ters for clarity. only 1 (J=0) for “He. There are no stable=5 nuclei to
compare with the unstable states, but they can be compared

side the mass region integrated to count the signal. For thi the trends observed for the stable nuclei. Figure 9 shows

4Li results presented here, a width of 2 Me¥/is used, and the invariant multiplicities for ten stable nuclei at lopy

an additional systematic error of 3%—-5% is included (p;/A<300 MeV/c) and 1.8<y=<2.0 [2] along with the

which covers a possible variation in width from 1 to measurements for the four unstable nuclei and limits for the

3 MeV/c?. For the data presented here, the total estimatetivo excited states reported here. All multiplicities in this

systematic error is added in quadrature to the statistical errofigure have been divided by §2-1)/2 (spin factor normal-

No corrections have been made for possible contributions t@zed to protonsso as to allow a more direct comparison. The

the mass peaks from excited states. We note that if thesk=7 points which were measured in different rapidity bins

higher states are produced just in proportion to their spirhave been shifted by a correction factor extrapolated from

factors, then they would represert50%—60% of the mea- the rapidity shapes of the lighter nuclek 0.61 for ’Li and

suredA=4 yield and~13%-17% of the measuredl=5 X 0.90 for ‘Be). The exponential curve is fitted to the stable

yield.

For the two excited states where we see no signal the total _4
. . I . 4
error, including statistical errors, systematic errors, and er- 710 ® "H
rors on the branching ratid47,18 added in quadrature, is ~ 6 % *He
used to estimate a 90% confidence level upper limit for the > 5 AL
i O
yields. S
O
IIl. RESULTS AND DISCUSSION \;_.: 3
The ratios of invariant multiplicities fofH/3H, “Li/ *He, 2 N
SHe/*He, and®Li/ “He are shown in Figs. 5 and 6. We use °
. re sh igs. ! T | —
the previously reported invariant multipliciti¢2] to convert =z
these ratios to the invariant multiplicities shown in Figs. 7 © —A—
and 8. Included in Fig. 7 for comparison are the invariant ~ -t
multiplicities for “He from Ref.[2] averaged over the@ g- —p—
range used here. Also shown in Fig. 8 are the 90% confi- S gL
dence level upper limits for the twa=5 (3/2") excited 0.9
states. The ratios and calculated multiplicities and errors are s T8 5 75 o

also given in Table II.

Some interesting features are evident from these figures.
The invariant multiplicities for theéd=4 unstable nuclei are FIG. 7. Invariant multiplicities ofA=4 nuclei. Data points for
within 50% of the invariant multiplicity for*He even though different species are offset slightly from rapidity bin centers for
the spin factor for the unstable nuclei is 5<2) while itis  clarity.

Rapidity
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FIG. 8. Invariant multiplicities ofA=5 nuclei and upper limits
for the two excited states. Data points for different species are offset A

slightly from rapidity bin centers for clarity.
gty piaty y FIG. 9. Invariant multiplicities divided by (2+1)/2 for stable

r’ind unstable nuclei in the range £$=<2.0. For the unstable nu-

nuclei. The unstable nuclei follow the general exponenuaClei and ®He, p,/A=<400 MeVic. For the remaining nuclep, /A

f".i” V.V'.th increasingA that is seenin the stable nucle|, but are <300 MeV/c. The curve is an exponential fitted to the stable nu-
significantly below the level indicated by the fitted exponen- .’
tial. The ratios of the measured yields to the fitted curve are
0.36+0.12 for °He and 0.56-0.15 for °He. the large rapidity region covered, it is not possible to ascribe
Since the mass difference between the stable and unstattiee difference to the higp; region not measured in our ex-
A=4 nuclei (=23 MeV) is small compared to the tempera- periment.
tures of these collisions at freeze-oat {00 MeV or greater The vyields of theA=5 excited states are significantly
[19], a thermal modefl20] would lead one to expect that the below the ground state yields. In many lower-energy experi-
yields (scaled by the spin factpeould be similar. Thermal ments, the ratio of yields of these excited states to the ground
models generally give yields integrated over kinematic vari-states has been used to determine the temperature of the sys-
ables but our measurements are over a certain range in rgem produced in the collisiofi21]. This method is not ex-
pidity andpy. Given the large difference when corrected for pected to be valid when the temperature is much greater than
the spin factor between the stable and unsté@ted multi-  the excitation energy of the excited state. It is interesting to
plicities, however, and the fact that the ratios of the unstabl@ote, however, that the upper limits on the production of the
to stable states vary by less than 25% from their average ovéwo A=5 excited states would imply a temperature lower

TABLE Il. Ratios of the invariant multiplicity of the unstable nucleus to the invariant multiplicity of the
species of its heavy decay daughter and the invariant multiplicities calculated using previously reported
yields for the species of the heavy decay daughter. For the excited SHHES,s ey @Nd °Lits g6 mev the
90% confidence level upper limit is given.

Ratios to heavy decay daughter

Rapidity 1.7 1.9 2.1 2.3

4Li/®He 0.016:0.004 0.01%0.003 0.015:0.003 0.01%0.003

4H/3H 0.022+0.008 0.03%0.006 0.026:0.008

SLi/*He 0.03x-0.017 0.029-0.008 0.045:0.007 0.0480.009

SHe/*He 0.021-0.007 0.0310.007 0.054:0.021
Invariant multiplicitiesx 10° (c2/GeV?)

AL 12 = 2 15+ 2 16+ 1 25+ 2

“H 22+ 10 34+ 9 39+ 14

5L 0.53 = 0.29 0.61+ 0.18 1.3+ 0.2 1.9+ 05

SHe 0.44=* 0.15 0.86*= 0.21 22+ 1.1

5Li%, 66 mev (90% C.L. upper limit 0.11 0.11 0.17

®Helg 75 mev (90% C.L. upper limit 0.06 0.06 0.16
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than 7-13 MeV y=2.3-y=1.9) if interpreted in this way. point particle. It seems quite possible then that the large size

Since temperatures at these energies have been previouslfjthe unstable states accounts for the suppression in coales-

measured to be=100 MeV or greater, it is highly unlikely ~cence yield compared to the stable nuclei. To make this state-

that nucleons at a temperature-e.00 MeV would coalesce ment quantitative, however, will require a detailed calcula-

into resonant nuclei with temperatures this low. A more contion including the nuclear wave functions.

sistent interpretation of the lower yields of excited and un- We note that data are now available for yields of coa-

stable states may come from a coalescence model such @sced nuclei from heavy-ion collisions at AGS energies up

that of Scheibl and Heinf14] which explicitly includes the to A=7. Others have pointed out that coalescence yields

internal structure of the formed cluster. In particular, theirrepresent correlations of the coalesced nucleons and can give

quantum-mechanical correction factor which would be 1.0complementary information to the correlations studied with

for the production of point particles becomes increasinglyHBT analyses [24,25. Detailed calculations including

smaller as the size of the coalesced system approgohes nhuclear wave functions, although difficult, can provide more

exceedsthe size of the region of homogeneity for the colli- information about the density profile of the collision at

sion (given, for example, by HBT radii Scheibl and Heinz freeze-out.

calculate that for deuteron production in Au-Au collisions at

SPS gngrgigs this correction factor is 0.66—0.86 for a vgriety IV. SUMMARY

of collision fireball parameters and deuteron wave functions.

Scheibl and Heinz use a deuteron rms radius of 1.96 fm and We have measured the yields of four unstable nuthti

radii of homogeneity ofR(m=1 GeV/c?)=3.2 fm and “Li, °He, and®Liin 11.5A GeV/c Au+Pt 10% most central

R, (m=1 GeV/c?)=5.1 fm. collisions in the rapidity range from, ,, t0 y.m+0.8 and in
Direct measurements of radii for the particle unstable nuthe transverse momentum range of approximately 0.1

clei reported here are not possible; however, circumstantia pr/A<0.4 GeVk. The invariant multiplicities in this ki-

evidence suggests these nuclei are large. The states are un@matic range fall significantly below what would be ex-

bound and typically have very large resonant cross sectionpected from a simple thermal model based on the previously

For example, thex-*He cross section is abb@ b atreso- measured yields of stable nuclei. It is likely that a detailed

nance[22]. The recent availability of radioactive beams hascalculation which includes the nuclear structure will show

allowed measurement of the interaction cross sections dhat this is expected for these large nuclei.

metastable halo nuclei from which one may deduce a radius.

For Be, for example, Suzulkeét al.[23] determine an rms ACKNOWLEDGMENTS

radius of 3 fm and a valence radi(sore to halg of 5 fm.
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