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Can doubly strange dibaryon resonances be discovered at RHIC?
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The baryon-baryon continuum invariant mass spectrum generated from relativistic nsclausgeus col-
lision data may reveal the existence of doubly strange dibaryons not stable against strong decay if they lie
within a few MeV of threshold. Furthermore, since the dominant component of these states is a superposition
of two color-octet clusters which can be produced intermediately in a color-deconfined quark-gluon plasma
(QGP, an enhanced production of dibaryon resonances could be a signal of QGP formation. A total of eight,
doubly strange dibaryon states are considered for experimental search using the STAR (sibstoidal
tracker at RHIQ at the new Relativistic Heavy lon CollidéRHIC). These states may decay Ao\ and/or
pE ~, depending on the resonance energy. STAR's large acceptance, precision tracking and vertex reconstruc-
tion capabilities, and large data volume capacity, make it an ideal instrument to use for such a search. Detector
performance and analysis sensitivity are studied as a function of resonance production rate and width for one
particular dibaryon which can directly strong decay ~, but notA A. Results indicate that such resonances
may be discovered using STAR if the resonance production rates are comparable to coalescence model
predictions for dibaryon bound states.

PACS numbd(s): 25.75.Dw, 12.38.Mh

I. INTRODUCTION be possible to see experimental evidence for its existence
It is generally assumed that quantum chromodynamic$9]. In addition, it is important to point out that several other
(QCD) is capable of describing the structure and spectrosdoubly strange dibaryon states occur in the SUY(@ulti-
copy of baryons and mesons. In addition, a number of modplets for which strong decay td A is suppressed and which
els based on QCD predict other types of quark and gluonignay also appear as resonances inAhte andN= systems.
systems such as pure gluonic staiggueballs, hybrids Experimental searches for a stalblg have attempted to

(qag), four quark dimesonsc(qﬁ qaqa) [1], pentaquark create and observe thé, through (1) double-strangeness-

— _ exchange reactions, such &K~ ,K9)X, A(K~,K")X, (2)
states ¢qqqq, six quark dibaryon$2—4], strangelets, and E " A capture[5] on nuclear targets with=2, and(3) pro-

for large systems several fm in size_ at sufficiently high te_m'ton + nucleus[6,7] or nucleus+ nucleus collisions where
perature and/or net baryon depsny, the_ color-deconfineghe H, production mechanism could proceed via multi-
quark-gluon plasméQGP). Extensive experimental searches pyneron production followed by coalesceri¢@—15. Reac-
have been made for all these systems. tions such asl(K~,K%H,, for example, produce a relatively

In particular, many experimentge.g., [3—7]) have clean final state but suffer from poor momentum matching
searched for a stabléat least to strong decgydoubly  and subsequently, a reduced production rate. Heavy ion col-
strange flavor-singlet dibaryorHg) of the six quark SUB)- lisions, although producing a complex final state, generate a
flavor [SU(3)] multiplets [8]. This hypercharge ) =0 large number of comoving hyperons and nonstrange baryons
dibaryon was predicted by Jaff@] to be stable against from which dibaryons could either coalesce or scatter
strong decay, but not to weak decay; hence the experimentBrough resonances. The invariant mass spectrumAfar
generally searched for characteristic weak decay topologiegairs produced in 158 GeV/c Pb+Pb collisions(data from
So far, no conclusive evidence for a bouhig has been WA97 [16]) does not reveal any resonancelike structures.
presented3—7]. However, theH, mass may be larger than However, the data are too coarsely binned and lack sufficient
M, =M,+M,, theAA strong decay thresho[®—11]. In  Statistics to be relevant for the type of experimental search
this case thed, could be a strong interaction resonance. |fproposed here. On the other hand, a three standard deviation

the resonance lies only a few MeV abolk, , , then it may ~€nhancement above background was observed in the

. ) ) ) ) ) in the meson sector nature provides several examples of narrow
Present address: Nevis Laboratories, Columbia University,  states that lie a few MeV above their strong decay thresholds. The
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AA invariant mass spectrum from threshold to 30 MeV Il. DIBARYON STATES
above threshold, in th A pair production data from the

. _ l + .
12C(K~ K *) reaction[17]. The direct product space of tlE= 35" baryon octet with

The Relativistic Heavy lon CollideiRHIC) facility at the itself can be written in terms of irreducible representations of

Brookhaven National Laboratory, together with four new de-su(?’)f [8]:
tectors, is beginning a program of research whose primary

goal is to produce a quark-gluon plasma and study its prop-

erties. It is noteworthy that a color-deconfined QGP could

enhance significantly the production Bf, dibaryons com- 'n€ hypercharge ¥) ranges from +2 (NN, nucleon-
pared to the production expected from a hot hadronic ga8ucleon to —2 (£=) for these dibaryon states. The=2
[13]. The reason is that the largest component of the sineémbers include the deuteron of th® multiplet. TheY
quark dibaryon wave function consists of a color-singlet su-=1 states contailNA andNX components. Sharp enhance-

8® 8= 148 8® 100 10 27. )

perposition of color-octet-octet componefi#s13,19: ments in theNA spectra at 2129 MeY22] (the N thresh-
old [23,24)) and 2139 MeV[23] have been observed in

single strangeness-exchange reactions sud{ksm) X and
IH)= \/ngB>+ \/§|8C®80). (1) d(m,K)X. The Y=—1 and —2 states contain the experi-

mentally difficult EA, EX, and EE components. Finally,
the Y=0 dibaryons contailh A, NE, AY, and>X compo-
Here, |8.®8,) represents the color-octet-octet componentsnents. SincN's, A’s, X.’s, and=’s are produced in relativ-
and|BB) denotes a summation of states composed of twdstic heavy ionA+A central collisions, the RHIC experi-
physical baryons. Enhanced dibaryon production can occuhents will provide an excellent opportunity to search for
by way of fusion of color-octet clusters within the decon- some of thes&=0 dibaryons.
fined plasma[13]. If evidence for dibaryon resonances is Table | lists the)”=0",1" Y=0 dibaryon constituents of
observed in the data from RHIC collisions, then analyses othe various SU(3) multiplets in Eq.(2) from Refs.[2,8]
such data would provide an independent basis for studyinglong with the dominant decay modes for a wide range of
the QGP. assumed dibaryon masses. The mass limits where strong
In this work we explore the feasibility of observing evi- and/or electromagneti&M) decay channels open are noted
dence for the existence of several doubly strange dibaryofor each state. In general the best mass ranges to explore for
resonanceshrough study of the\ A andNE invariant mass resonances are those lying just above the strong and/or EM
spectra constructed from relativistic heavy ion collision datadecay thresholds in Table I. Jaffg] predicted a significant
to be taken at RHIG.We focus on using the solenoidal increase in the dibaryon masses with increasing dimension-
tracker at RHIC(STAR) [19] detector{with the silicon ver-  ality of the SU(3)} representation. However, more recent
tex tracker(SVT) and silicon strip detectofSSD) [20] up-  calculations based on QCD sum rule5,2§ indicate that
grades, since it is the most suited of the RHIC detectors forthe Y=0 dibaryons in different multiplets should be similar
such a program. A preliminary studg0,21] suggested that in mass; the principal mass dependence of&he dibary-
STAR could be used to search flp— A A with resonance ons is due to the explicit SU(3ymmetry breaking caused
masses a few hundred MeV aboMk, , . The focus of the by the strange quark ma3sll of the Y=0 dibaryon states
present work is on th&lZ decay channel with resonance in Table | will be considered in this work, since at present
masses a few MeV above the strong decay threshold. there is no reason to exclude them from experimental
In Sec. Il the doubly strange dibaryons and their possiblesearches.
decay schemes are discussed. UsingRimatrix formalism For masses betweed , , and M= the singletH, and
[9] the resonance widths are estimated in Sec. IIl. In Sec. NH?(07,0,0) can strong decay td A. Recently, using a
the J™=0", I(isospin}=1, I;=0 dibaryon member of the P-matrix formalism, Bashinsky and Jaff@] considered a
SU(3); 27-plet [8] [referred to as B(J™,1,13) with J™  hypothetical singleH, strong-decay resonance of mass sev-
=0", =1 andl;=0], which cannot directlystrong decay eral MeV above the\ A (strong decaythreshold. For a va-
to AA, is used to explore the statistical aspects and sensitiviety of assumptions, they found that, owing to kinematic
ity of analysis of STAR data to the existence of such resoeffects near threshold, the cross sections $awave AA
nances, if they exist. A new, fast simulation detector re-elastic scattering should show structures whose scales are of
sponse code(FSDR is used for this study. Finally, a the order of several MeV. It may be that the\ -invariant
summary and conclusions are presented in Sec. V. mass spectrum generated from relativistic heavy ion collision

2Formation of hypernuclear baryon-baryon bound states or_3lt is also worth noting that th&/=2 deuteron member of the
slightly unbound states is also possikéeg., strange baryon analogs 10-flavor multiplet and the nucleor nucleon®S, unbound state
of the deuteron and the nucleon nucleon 'S, unbound state member of the27-flavor multiplet differ in mass by only a few
Such states, if they exist, are expected to produce broad enhandgleV. Calculations[24] based on a S(3) invariant pseudoscalar
ments over many tens of MeV in theA or NE spectra, and not and vector meson exchange model for the baryon-baryon system
the narrow resonance structures predicted for six quark states whigredict the 0 27-plet dibaryon mass to be less than the mass of the
are the focus of the present work. singletH,.
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TABLE I. J”=0",1"Y=0 dibaryon constituents of th@2 8 baryon octet—baryon octet direct product
space for each irreducible $8) flavor representation. The dominant decay modes for each resonance mass
range are showrNIN abbreviates “mass of nucleof nucleon,” and similarly for the other baryon-baryon
pairs. Weak decays which reduce the number of strange quarks by 1 or 2 are denota®bby ™ or
“AS=2," respectively. “S” denotes strong interaction decays. “EM” denotes electromagnetic decays.
“S-Iso” indicates strong interaction decays via the small isospin admixtures in the physical statés. “S
indicates that strong interaction decays from lthel states are possible to bditE and A3,

SU(3); Resonance mass range
Irrep. @7, L15)  NN-NA  NA-N3X NZ-AA  AA-NE NE-AY A3-3Y >3%
1 0700 AS=2 AS=1 AS=1 S S S S
8 100 AS=2 AS=1 AS=1 EM S S S
8 1711 AS=2 AS=1 AS=1 AS=1 S S S
8 1710 AS=2 AS=1 AS=1 EM S S S
8 1v1-1 AS=2 AS=1 AS=1 AS=1 S S S
10 1711 AS=2 AS=1 AS=1 AS=1 S S S
10 1710 AS=2 AS=1 AS=1 EM S S S
10 1t1-1 AS=2 AS=1 AS=1 AS=1 S S S
10 1711 AS=2  AS=1 AS=1  AS=1 S S S
10 1710 AS=2 AS=1 AS=1 EM S S S
10 1"1-1 AS=2 AS=1 AS=1 AS=1 S S S
27 000 AS=2 AS=1 AS=1 S S S S
27 0"11 AS=2 AS=1 AS=1 AS=1 S S S
EM,
27 010 AS=2 AS=1 AS=1 S-Iso S 3 S
27 0"1-1 AS=2 AS=1 AS=1 AS=1 S S S
27 022 AS=2 AS=1 AS=1 AS=1 AS=1 AS=1 S
EM, EM,
27 0"21 AS=2 AS=1 AS=1 AS=1 S-Iso S-Iso S
EM, EM, EM,
27 0720 AS=2 AS=1 AS=1 S-Iso S-Iso S-Iso S
EM, EM,
27 0t2-1 AS=2 AS=1 AS=1 AS=1 S-Iso S-Iso S
27 0t2-2 AS=2 AS=2 AS=1 AS=1 AS=1 AS=1 S

data will show similar structure that can be taken as evidence:2 decay strongly ta\ A, NZ, or A, as indicated in Table
of the existence of such a resonance. The analyg@lialso  |. The H7(0",2,=1) [H?/(0",2,0)] states can strong decay
applies for the (07,0,0) case. to NE andA3 [NE, A3, andA A] via isospin admixtures
The 8-, 10-, and 10-plet J7=1" dibaryons and the or they can decay electromagnetically. Thé&/(@",2,+2)
H27(0%,1)3) and H7(0",2,1;) dibaryons cannot strong de- remain blocked to both strong and EM decays up\igs
cay to AA since antisymmetrization requires the final\ due to charge conservation. Thé't0",1);) members of
system to be spin-singlet-even or spin-triplet-odd andhe27-multiplet cannot strong decay thA because of isos-
I(AA)=0. The H/(0",1,0) and H/(0",2,0) dibaryons pin conservation; however, they can strong decay# and
can, however, strong decay oA by way of the smalll A%, if the mass is greater thavl =z andM ,s , respectively.
=0 isospin admixture which contributes to the physicalAbove My all states in Table | can decay strongly.
states due to Coulomb induced isospin mixing, but this tran- Table Il lists the optimum decay channels and mass
sition rate should be much less than thatfy— A A. The  ranges for possibl&=0 dibaryon resonance searches. The
four J7=1%, 1;,=0 states can EM decay thAy via E1 last column indicates whether the channels include those ap-
transitions leaving theAA in relative 3P, states. The propriate for STAR19]. Of the listed decay products, STAR
H2’(0",1,0) and K’(0",2,0) states can also EM decay to can identify only protongp), A’s, and £ ~’s. Eight of the
AAvy, for example viaE1l transition to the®P; AA final  Y=0 dibaryon states in Tables | and (torresponding to
state. All remaining statefi.e., those withl3#0) in this each of thel;=0 statey are seen to be appropriate for a
mass rangéfrom M, 4 to Myz) can decay only weakly. Itis program of research with STAR.
likely that theJ™=1" states are of larger mass than the 0 Evidence for theH, and H/(0",0,0) states might be seen
states and thus even more difficult to deal with experimenin the A A-invariant mass spectrum within several MeV of
tally. threshold. The fourdJ™=1", 13=0 states, if in the mass
In the mass range fromMy= to Myy all states withl range fromM , , to M=o, will decay electromagnetically to
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TABLE II. Optimum decay channels and resonance mass rangd$$od™*,1* Y=0 dibaryon resonance

searches.

SU(3) Accessible
Irrep. @7,1,13) Decay channels and resonance mass rafige¥) to STAR
1 0700 AA=2231 Yes
8 100 AA=2231;nE° = 2254;pE " =2260 Yes
8 1t 11 pE°=2253

8 1*10 AA=2231;nE° = 2254;pE ~=2260 Yes
8 1t 1-1 nE =2261

10 111 pE°=2253

10 1t10 AA=2231;nE° = 2254;p= ~=2260 Yes
10 1" 1-1 nE =2261

10 1t11 p=E° = 2253

10 1t10 AA=2231;nE° = 2254;pE " =2260 Yes
10 171-1 nE " =2261

27 0too0 AA=2231 Yes
27 0" 11 pE°=2253

27 0710 AA from 2231 to 2254 nE°=2254; p=~ =2260 Yes
27 0"1-1 nE =2261

27 0722 33 +t=2379

27 0t 21 pE° from 2253 to 2382* 3,3, 9=2382

27 020 AA from 2231 to 2385'33=2385 Ye$
27 0"2-1 nE~ from 2261 to 23963 %3, ~=2390

27 0t2-2 3737 =2395

af strong decay via isospin admixture dominates EM decay and resonance remains narrow; othénfose
resonance mass 2231 MeV only.

bif strong decay via isospin admixture dominates EM decay and resonance remains narrow; othgffvise
for resonance mass 2253 MeV only.

SAA decay channel only.

If strong decay via isospin admixture dominates EM decay and resonance remains narrow; othgrwise
for resonance mass 2261 MeV only.

AAvy. If the photon is not detected, theA-invariant mass threshold. In this case3(0*,1,0)—pZ~ might be observ-
spectrum would appear as a broad continuum. However, agple with STAR. The B(0",2,0) resonance could strong
enhancement still might be observed if the resonance massggcay t03,°3° and> "3~ final states, but th&s, unfortu-
are only a few MeV aboveM ,, . These four resonances npately, cannot be reconstructed by STAR.

might also be observed in the= "~ spectrum if either lies In this initial simulation study we prefer to consider the
just above the M,z-=2259.6 MeV strong breakup dibaryon resonance with smallest angular momentum which
threshold may strong decay topE~ but not to AA, namely

If the resonance mass excedds , , the H’(0",1,0) and {270+ 1,0). The reason for this choice is the expectation

H*(0%,2,0) states can decay either electromagnetically tqhat the combinatoric background contribution to $ig -

A Ay or strongly via the small=0 admixture. The compe- invariant mass spectrum will be less than that/fok for the

tition between these branches determines the experimentghse of RHIC data for A#Au central collisions(see Sec.

signature. If the strong interaction, isospin admixture decayy/). Simulation studies for the remaining dibaryon reso-

dominates the EM decay, then the-1(2) state might be nances in Table Il will be done in the future.

observed if its mass is betwedh, , andM,zo (Myos0). If It is worth noting that threshold-cusp effedt&3,24,27

the EM decay dominates, then bdtk 1 and 2 states might could produce enhancements in thé\ spectra at thaN =,

only be observed as enhancements in the continuum justs etc., thresholds, independent of any possible resonances.

aboveM, , . Otherwise the Ff(0*,1,0) state might be seen This is also true for th&l= spectra [=1 componentat the

in the p=~ invariant mass spectrum just above tg=- A3 and 33 thresholds. Such enhancements are due to
coupled-channels scattering effects near inelastic thresholds
and must be treated carefully when searching for experimen-

“Due to Coulomb interactions the=° andp= ~ mass thresholds tal evidence of dibaryon resonances.

are split by 5.1 MeV. Strong decay tN= therefore opens at Resonances occuring between tig° andp= ~ thresh-

M,z0=2254.5 MeV, whereas the observable decay channel foplds will decay primarily tonZ=°, although decay t@= ~

STAR, dibaryor-pZE ~, does not open until 2259.6 MeV. will occur if the resonance width is such that the distribution
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extends aboveM ,=-. For resonance masses near or a few 3

MeV aboveM = -, the branching ratio between th&® and
pE~ channels depends upon the dynamics of tHg°

—pE "~ —dibaryon coupled channels system, as well as on
the kinematic density of final states factor. For resonance
energies much abov#l,=- the branching ratio is deter-

mined mainly by isospin invariance which results in a 50%
decay fraction for both channels. Thus the study in Sec. IV
will be in terms of the dibaryon resonance width and produc-

tion rate for the observable dibaryerp=~ decay channel

PHYSICAL REVIEW C 62 024906
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FIG. 1. Total elastic cross sections fdr = scattering assum-
ing the H’ dibaryon resonance is 2, 3, and 5 MeV above threshold

Orll%- |n(i”§i0n_0f the model dependences associated with thgre shown in the left, center, and right panels, respectively. The
nE"—pE~ —dibaryon system lies well beyond the scope gashed lines indicate the unitarity limitzkZ. The NZ threshold

and purpose of this work.

energy is denoted byz,, (axis labeJ.

Finally, we note that the decay products of resonance

states formed deep within the interior of the collision region

will undergo strong, final-state interactiofESI’'s) so that

observation of these resonances becomes more difficult. It is

' €1
€

Fipby ©

likely that only resonances occuring in the periphery of the . )
QGP or in the mixed QGP-hadronic phase prior to freezeout? EQs.(3)—(6), k, is the relative center-of-momentum sys-
will lead to experimental signatures in invariant mass spectém wave numbemn is the reduced mass of the two-baryon

tra. Detailed calculations of FSI effects on this and othedNZ) system, ey, is the NE threshold energye;=e¢,

potential QGP signals remain to be done.

Ill. DIBARYON RESONANCE WIDTHS

Bashinsky and Jafff9] used theP-matrix scattering for-
malism to compute the\ A elastic scatterind>-wave total
cross section in the presence of a flavor-sindtgt dibaryon
resonance located a few MeV above tha threshold. Their

— €1, and ¢, is the assumed resonance mass of tié H
dibaryon. Parametdn, is a resonance size parameter with
typical value (150 MeV)?!, p, is the resonance width pa-
rameter which is a function of the resonance state—decay
channel coupling, and; is theNZE scattering length which
was assumed to be (200 MeVA.

Elastic total cross section results obtained using Ejs:
(6) are shown in Fig. 1 by the solid lines for assumed values

model is used in this section for the similar case of a possiblef ¢, =2, 3, and 5 MeV and for the typical resonance width

H2(0™,1,0) (for brevity referred to as # in the remainder
of this paper dibaryon resonance lying just above tN&
threshold.

The total cross section fdd= elastic scattering is given

by

3

T
O'TOT:k_l Im(f19),

where f,; is approximated by the forward&wave elastic-
scattering amplitude, which in thB-matrix formalism is
written as[9]

(4)

f11=
K(lred) —iky

The reducedk matrix from Ref.[9] as a function of total
energy €) in the NE channel is

pi/2m

K{e(e)=—aj— (5)

’ t
€~ €th1— €1
where

1— Plb0+ 2m6151b0
(1—p1bo)?

&
a _—
! 1-pibo’

!

P1=p1

parametep,; =50 MeV. The unitarity limit, 47/k?, is indi-
cated by the dashed lines. These results indicate that the
resonance distribution displays a characteristic width roughly
proportional to the difference between the resonance and
threshold energies.

Resonances decaying W=~ may also decay to=°
which is 5.1 MeV lower in energy. These results suggest that
resonances neal,=- would be about 5 MeV wide. It is
reasonable to assume, however, that i~ spectra for
such cases would display a narrower range of enhancement
because of the kinematic limit which cuts off the lower en-

ergy portion of thepE ~ invariant mass distribution.

IV. SEARCH FOR DIBARYON RESONANCES
USING STAR

An environment conducive to the formation of dibaryon
resonances may be the hot, dense nuclear matter that will be
created through central AuAu collisions at RHIC. The ex-
perimental objective, then, is to infer evidence for the exis-
tence of such resonances through examinatiorAdf or
pE~ invariant mass spectra. Since the resonance cross sec-
tions are expected to be small, a large acceptance detector
with the ability to do precision tracking to within a few cm
of the production vertex is needed. In addition, the detector
must handle high data rates and have event processing capa-
bilities for very large data volumes. The STAR detedtid]
at RHIC with its central vertex tracking systef8VT-SSD
is well suited for such experiments. For the simulations to be
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TABLE lIIl. Kinematic acceptance and reconstruction param-with all daughter products going fully into the kinematic

eters assumed in the analytical and numerical simulations. acceptance range specified in Table I, apds the average
number of H—pZE~ decays per event for the data sample

Parameter Value consisting ofN,, events. Also in Eq(7) e, andez are the
Transverse momentum acceptance pr>0.1 GeVk proton and E~ reconstruction efficiencies, resp.e(.:tively
Pseudorapidity acceptance Inl<1 (number. correc.tly recpnstructed and accepted _d|V|Qed by
Azimuthal acceptance =027 number in the kinematic acceptance or detectoZr fIdUCI?iI| vol-
Momentum resolutionA p/p 206 ume, fy_cu is the fract|on_0f reconstrugte_zd HspE _
TPC track reconstruction efficiertty 90% resonance decays that survive any remaining analysis cuts
SVT track reconstruction efficienty 80% (e.g., cuts to remove fluctuations frcinj the'backgroun.d sub-
Particle Identification 4 protons 10096 tracted spectra and the upper-lovpet ~ invariant mass lim-

’ its), and S is the average signal per eve®9]. The total
#Time projection chamber; main tracking detector for STAR. background underneath the signal peak is approximated by
bSilicon vertex tracker and silicon strip detector tracking system for
STAR. Ne, -
Actual value not yet available. Bzzl (NpNz—npesez)F(p1) =BNg, (8)

=

discussed here, the parameters in Table Il were used to ap- _ _
proximate the kinematic acceptance and reconstruction pewhereN; andNx represent the number of reconstructed and
formance of STAR(including the SVT-SSI The momen- accepted proton andl ~ candidates for théth event,F(p,)
tum resolution and track reconstruction efficiencies wergepresents the relative fraction of rand@® ~ pairs whose
taken from previous simulation studif20,2§|. invariant mass occurs within the domain of thé’Hnass
Coalescence model calculatiofts3,19 for Au+Au cen-  peak, andB is defined as the average background per event.
tral collisions at AGS energies<(11A GeV fixed targetpre-  The fractionF(p,) depends on the proton affi~ momen-
dict a wide range of production rates for the flavor-singigt  tum space distributions for the collision everdter cut3
from of order 10 to 0.5 per event, depending on the as-and on thep= ~ invariant mass range which in turn depends
sumed temperature and strangeness content of the hadron gi@sthe width of the resonance peak.
and on the assumed\A interaction model. Color- The numbers of candidate protons &&d include several

deconfinement in the QGP could enhance the production raontributions which are represented by the following:
via the color-octet-octet component of the dibaryon wave

function [Eq. (1)]. At RHIC energies increased strangeness
production and possible QGP formation could further en-
hance the dibaryon production rate above this range. Source . A A
expansion and collective flow in RHIC collisions could also Nz =(ny+ny =+ N =)€=+ Nraise = (10
affect coalescence model predictiofis4]. Comprehensive
calculations including all these effects have not been donewhereniH o (niH =) is the number of protonsg ~’s) for the
Nevertheless, the results of such calculations suggest then event prodhced by # resonance decays for which the
necessary level of sensitivity for the experimental search t@roton (all decay products of th& ~) entered the detector
be meaningful. acceptance but all decay products of e (the proton did

In the following, an analytical model is presented whichnot, |n Egs.(9) and (10), ni, , and ny, = represent the re-
relates the statistical significance of the dibaryon resonanc@aining numbers of protoné ardl~’s b?oduced in the col-
signal to the number of AtAu central RHIC collision jision, for example by hadronization and/or rescattering pro-
events analyzed and the assumed resonance production rgigses, which enter the detector acceptance. The quantities
and wldth. _Th|s is followed by a des<_:r|pt|on of_af_ast numerl-NFalsep and N, se= represent the number of incorrectly
cal simulation model and presentation of statistical and senyentified and accepted protons al™’s per event. The
sitivity results for experimental detection of a hypothetical, , mpers of proton an& ~ contaminants depend on various
narrow dibaryon resonance in tip=~ channel just above naiysis cuts, overall event multiplicity, etc. In general,

threshold. tighter cuts in the reconstruction and analysis result in lower
efficiency and reduced contamination, while relaxed cuts
A. Analytical model have the opposite effects. The efficiencies and contaminants
per event in this section are averages of inclusive quantities.
The total number of counts, or yiel&}, for the invariant
mass spectra in the domain of thé’Hesonance peak for
Ney Ne, Au+Au collision events is

S= El r]il-lepeE fH—cutz nHepeE fH—t:utNevESNeu ’ (7)

NilJ:(nil-|+nil-|,p+nith,p)ep+NFaIsepa (9)

1

The integrated signal for the #—pZ~ invariant mass

distribution can be approximated by

Y=S5;+B=S+S +B=(S+S +B)N,,, (12)
whereny, is the assumed number of dibaryon resonances in
the ith Au+Au central collision event that decay foE ~ where
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Nev
ST:iZl Niepez=NpepezNe, =S+, (12

which definesS'. The total error in the signal is assumed to
be a sum of statistical and systematic errors given by

AS=ASg+A Ssystv

where the statistical error i8is determined by the indepen-
dent statistical errors in the total yield\{), background
(AB), andS' (AS'), where

13

ASia= V(AY)?+(AS')?+(AB)*= S+2(B+S).
(14)

The systematic error i is assumed to be proportional to
Ney WhereASsyst:ASsyslNeu .
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The statistical significance of the observed resonance g 2. FSDRp#~ invariant mass spectrum fok—pm~ re-
peak can be expressed as the ratio of signal to signal erroggnstruction for 600 central AbAu HIJET events with embedded

which in the present model is given by

s SN,
AS" St 2(B+9) Ny, +ASyeNe,

If fyy_cut is constan29] and systematic errors are negli-
gible, SIAS increases withyNg, as expected, whereas for

finite Agsyst, S/AS is limited to S/Agsystfor many events.
Solving Eq.(15) for Ng, yields(assuming constarit; _ ..

[29])

(19

_(SIAS)[S+2(B+S)]
¥ [S—(SIAS)AS?

, (16)

H?” resonances at a collision energy of 20BeV as described in
the text. The cross-hatched portion indicates the number of cor-
rectly reconstructed —pw~ decays. Bin size is 2 MeV.

B. Numerical simulations

A fast simulation detector response cd8&DR was de-
veloped to provide rapid evaluation of the capabilities of
relativistic heavy ion experiments with respect to proposed
new measurements and research programs. In simplest terms,
FSDR projects a given input list of particles from an event
generator directly to the final, reconstructed particle list. Spe-
cific detector acceptance and track reconstruction perfor-
mance parameters are supplied from realistic simulations and
analyses. The values assumed for STAR are listed in Table
Il [20,28,30. FSDR propagatedreely) and decays unstable

which provides an estimate of the number of collision eventgarticles such as. and =~ according to known branching
which must be obtained and analyzed in order to achieve gatios and lifetimes and applies acceptance cuts, track finding

specified value 08/AS. Systematic errors limit the detection
capability such that

S>(S/AS)ASyyq, (17

efficiencies, particle identification efficiencies, and momen-
tum resolution smearing to the charged primary particles and
to the charged daughter particles from the decays.
Following this, FSDR reconstruction of andZ ~ is very
similar to that used in the actual STAR reconstruction analy-

which results in a minimum, detectable dibaryon resonancgjs. The charged particles selected for this analysis were as-

production rate given by

(S/IAS)AS e

) 18
€pes fr-cut (18

Ny

assuming the required number of events from @) can be
achieved.

sumed to be reconstructed in both the SVT-SSD and TPC
(time projection chambgrThe SVT-SSD provides excellent
track position resolutiorifew tens of microns[20,28,30Q in

the decay region within several cm of the primary vertex.
Reconstructed trajectori¢gassumed to be helicewere pro-
jected to the primary vertex where an impact parameter cut
(1 mm) differentiated primary particle§.e., those assumed

Optimization of a particular experiment and data analysido emerge from the primary collision vertefxom secondary

program(e.g., number of events and cut parametees be
guided by the results presented in this section provided

particles(i.e., those assumed to come from decay verfices
&andidateA decays were found by a distance of closest

reasonable estimate of systematic errors can be made. ThpproacHDCA) cut (2 mm) among the projected trajectories
latter must wait until experience is gained with analysis ofof the secondary protons and s. The resultingA recon-
actual STAR data and therefore lies well beyond the scope ddtruction in theps~ invariant mass spectrum is shown in
the present study. The remaining discussion and results focusg. 2 for 600 central Ad-Au HIJET [31] collision events

on the statistical requirements for detecting’Hp=". In
the following, Eqgs.(15) and (16) were used to estimate the
dependence of§/AS) on Ng, andny.

which included an average of 6.6°H-pE~ —p(A#")
embedded decays per evéree following discussion The
cross-hatched region indicates the number of reconstructed

024906-7
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FIG. 3. FSDRA 7~ invariant mass spectrum f&& ~—Am~ ="p Invariant Mass (GeV)

reconstruction for 600 central AuAu HIJET events with embedded
H? resonances at a collision energy of 208eV, using the relaxed
E~ decay vertex reconstruction cuts described in the text. Th
cross-hatched portion indicates the number of correctly recon
structedE~— A w~ decays. Bin size is 2 MeV. Note the sup-
pressed zero for the vertical scale.

FIG. 4. FSDRpE ~ invariant mass spectrum for?fA-pZ=
Jeconstruction for 1940 central AtAu HIJET events at a collision
energy of 208 GeV, assuming an average of 3.#"H:p= ~ reso-
nance decays per event into the acceptance with resonance energy 2
MeV above threshold an®-matrix width parameter ;) of 23
MeV (FWHM = 2.4 MeV). The cross-hatched portion indicates the
number of correctly reconstructed®H-p=~ decays. The back-
ground subtracted peak is shown in the inset panel. Bin size is 1
61]t\)llev. Solid curve indicates the five-term threshold constrained

ackground model fit.

p—a~ pairs actually produced by decays in the simula-
tion. The reconstruction efficiency for primanys (i.e., num-
ber correctly reconstructed divided by number in acceptanc
obtained here was about 5-6%n reasonable agreement

with the 8% value in Ref[30] and the range of 4—15% in - . . _
. . DRSIMU- peak in Fig. 3 is about 10 MeV, in good agreement with Ref.
Re_f. [20]. These comparisons verify that_ the FS. imu 30]. We refer to the present set of cuts as “relaxed,” while
lation results presented here are consistent with those ob: . AV : .
ose in Ref[30] are “tight.” A tight selection of primary

tained from more detailed studies. The3o width of the protons(impact parameter from primary vertex100 um)
reconstructed\ peak in Fig. 2 is about 8 MeV which quan- and= -~ candidategwithin =6 MeV of the peak in Fig. B

titatively agrees with that found in Ref30]. Further cuts . . X X =
: . with projected DCA's<6 mm, provided the set op=
could reduce the background for primakg as in Ref[30], irs used in the invariant mass plot in Fig. 4.

. : . a
but this was not done here in order to retain the secondar9 ;
Variable numbers of H resonances were randomly em-

As from =~ decays. bedded in theHIJET [31] event generator output for

A DCA cut (4 m_m) among all pairs of selectedl candi- 200A GeV Au+Au central collisions according to the fol-
dateg]i.e., those with impact parameter less than 2 cm fron]OWing distribution:

the primary vertex and which have a reconstructed mass

within =30 (=4 MeV) of the peak in Fig. 2 with all dN
remaining secondary ~ s yielded theZ ~ spectrum shown in — = Ae Mr/Tg=Bmy coshfy) (19
Fig. 3 using the same events as in Fig. 2. The cross-hatched dp

region indicates\ and#~ reconstructed pairs that originate
from =~ decays. The FSDFE ~ reconstruction efficiency In Ed. (19 my=\M(H?)?+p7 is the transverse mass,
with the preceding cuts was about 0.06 which is larger tharF 238 MeV, 8=3.0 GeV !, Ais a normalization constant,
that in Ref.[30]. The higher reconstruction efficiency ob- and at midrapidity y=0) them distribution corresponds to
tained here is offset by the smaller peak signal-to-an effective temperature of 139 MeV. For this distribution
background ratio here~(%) compared to the larger value function approximately 39% of the total’#$ have all four
(~1) in Ref.[30]. The =30 width of the reconstructef ~ decay particles fully contained within the acceptafiEable
[II). In the following discussion, production rates refer to the

number of H'—pZE~ decays per event for which all four
decay particles are within the STAR acceptance.
In FSDR the K’ masses were randomly distributed ac-

5The reconstruction efficiency foks from =~ decays is some-

what higher than that for primanks since the decay vertices are . . T
distributed farther from the primary vertex where the proton andCordlng to theP-matrix resonance mass distributi¢sec.

7~ daughters are not as likely to be removed by the 1 mm impact!!)- The latter was obtained from th¢= total elastic cross
parameter cut as occurs for the daughter tracks from primary S€ction in Eq(3) by eliminating the nonresonant amplitude
decays. (a; was set to Dand by removing the incident flux factor in
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the definition of the total cross sectidne., by multiplying TABLE IV. FSDR results for the statistical significance
by k; /m). The resonanp= ~ invariant mass probability dis- (S/AS)gsprof the H'—pE " dibaryon resonance decay signal for
tribution was, therefore, assumed to be total production rates per AtAu central event of 8 and 12 and for
four assumed values of resonance width.
P(MH27): Pole'TOT(G,gl:O)/m, (20) Ny nHa P1 FWHM (S/AS)FSDRb Nev for
(TOtal) (MeV) (MeV) (S/AS)FSDR: 3C
whereM ;2r= € is the randomly sampled¥mass andP, is 8 31 10 0.94 7.9 280
a norm_ahzatlon cons7tant. 8 31 23 24 6.4 426
In this work the H” resonance energy;, was assumed to 8 31 37 41 56 557
be 2 MeV above the =~ threshold and a range of width ¢ 31 50 56 a1 1039
parameterp,; was assumed, whege, =10, 23, 37, and 50 ' ' '
MeV, cor_respondlng to mass distributions with full width at 12 47 10 0.94 102 168
half maximum (FWHM) values of 0.94, 2.4, 4.1, and 5.6 12 47 23 24 o1 211
MeV, respectively. Average # production ratesr(,) of 3.1 1 4'7 37 4'1 8'6 236
(8 total) and 4.7(12 tota) per central Au-Au HIJET event : ' :
4.7 50 5.6 7.5 310

were assumed. For each of the resulting eight cases, whicH

correspond to different values fer, andnyy, 1940 events ayymber of H—pZE ~ decays per event in which all decay prod-

were analyzed. _ ucts enter the STAR detector acceptance. This is 39% of the total
The preceding H production rates and number of events for the assumed H momentum distribution model.

were selected in order to generate statistically significantFor 1940 AutAu central collision events.

resonance signals, with modest computing requirementsassuming 6/AS)rspris proportional toyNg, as discussed in the

such that straightforward background subtraction and signaghy.

determination techniques would suffice. The analytical

model in the preceding subsection, when supplemented with The background subtracted peak is shown in the inset

the present FSDR results, can be used to obtain estimates @inel in Fig. 4. For this and all other cases the mass range of

for much smaller dibaryon resonance production rates.  apove threshold. In addition, a lower cutoff of 20 counts per
The p=" invariant mass spectrum is shown in Fig. 4 for 1 MeV bin (specific for the number of events used in this

p1=23 MeV (FWHM = 2.4 MeV) andny=3.1. The H'  fiyctuations which are apparent in the inset panel. The re-

peak is quite apparent for this case when the resonance Ofraining counts in the 7 MeV invariant mass range, which

curs near threshold and the background is rapidly decreasingere above the 20 counts per bin cutoff, constitute the mea-

The contributions of the large number of falSe’s (see Fig.  syred signal Sespr. For this case the H reconstruction

3) are dispersed throughout the spectrum. Notice that moefficiency is 0.047.

mentum resolution effects do not degrade tifé peak. Fi- The results for each case are summarized in Table IV and

nite momentum resolutiofi28] for the final, reconstructed in Fig. 5 which give the statistical significance of the signal,

daughter protons and pions in the decay chain, dibaryops/AS).¢p5. The quantity 6/AS)espr Was calculated us-

—pE"—p(Am)—p(pm )7, results in about jng

10 MeV/c uncertainty in thegpE ~ relative momentum. For

this case, where FWHM is 2.4 MeV, such effects would only

broaden the peak in the reconstrucigd ~ invariant mass ( s

SFSDR

= = , 22
The uncorrelatedpZ~ background distribution near AS) FsbrR V2YEspr™ Srspr 22
threshold is proportional tg e— ;. Therefore, we assumed
the threshold constrained model for tpé =~ background whereYegpris the total yield in the 7 MeV wide domain of
distribution given by the resonance peak. Also listed in Table IV are estimates of
the number of Ad-Au events which are needed in order to
achieve §/AS)rspr=3, assuming statistical errors only,
constantf_.,, and using theN,, dependence from Eq.
(15) to scale the FSDR results.
wherex=e— €;,; anda;, a,, ...,as are parameters to be The decrease iNnJAS)gspr With increased resonance
determined byy-square fits. Excellent fits were obtained to width and fixed production rate is due to increased signal
the nonresonant backgrounds for all cases as exemplified bgsses(i.e., reducedy_.,;) where,(1) more counts are lost
the fit shown in Fig. 4 by the solid line. The cross hatchedin the tails of the resonance distribution above the upper
portion of the spectrum in Fig. 4 indicates the reconstructednass limit, and2) more counts are lost due to the 20 counts
pE~ pairs from actual B decays where the remaining per bin cutoff. If the resonance mass domain was also in-
background is seen to be in quantitative agreement with thereased, then/AS)gspr would further decrease due to the
fit. larger background contribution tAS. From Table IV and

spectrum to about 2.6—2.9 MeV.

—_—

Bimod X) = a5 X+ ax?+agxd+axt+asx®,  (21)
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15 1 T L) Ll L)
Statistical significance of H” signal

be arbitrarily large. If we assum&gsysﬁfg, wheref is a

constant, and use E7) with constantf,_.,; [29], the de-
12} . tectable range of dibaryon resonance production is given by

°r \‘\\ 1 ny>(SIAS)fny(BIS), (24)

S/bS

where ny and'S refer to a specific simulation result. The

ny(total)=8 FSDR results indicate thaB(S)~3. Requir-

4 ing S/AS=3 and assuming, for example, that the systematic

errors are 1% of the background, the minimum, detectable

dibaryon production rate isy(total)~0.7. Since STAR is a

4 5 6 dedicated, long-term facility, discovery of dibaryon reso-
FWHM (MeV) nances of the type discussed here is well within reach of the

experiment, provided the systematic errors can be kept small

(to a few percentand the dibaryon production rate is of

order 1 per event or greater.

0 1 2 3

FIG. 5. Statistical significance of the’H-pZ ~ dibaryon reso-
nance decay signal as a function of resonance wWiEt#WHM) for
resonance production rates of 3(ttiangles and 4.7 (dotg per
event(all decay products enter detector acceptan€er each case
1940 Aut+Au central collisions were analyzed. Solid lines connect
the values for fixed production rates. V. SUMMARY AND CONCLUSIONS

Fig. 5 it is seen that the required number of events to analyze | ne Possibility thaty=0 dibaryon states may occur as
in order to achieve a certain statistically significant signalf&/fOW resonances, if located in energy just above the strong

[e.g., S/AS)rspr=3] increases for broader resonances/nteraction breakup threshold, offers interesting new discov-
and/or reduced production rates, as expected. ery opportunities for t_he relativistic heavy ion _phyS|cs pro-
For analysis of real STAR data, it is likely that a more 9ram at RHIC, especially for the STAR experiment. In the

accurate background subtraction method will be needed thaf2ryon octet® octet direct product space fof=0 dibary-
that used here, since optimistic production rates were anS We have listed eight possible statesrresponding to

sumed in this numerical study. A possible method is to form'3=0) which could, in principle, be discovered by STAR
randomp= ~ invariant mass histograms using mixed eventWith its SVT-SSD central vertex tracking system. If pro-

pairs, normalized to the actual numberE ~ pairs in the ~duced, thesé;=0 states decay td A and/orp= " channels,
data. This removes dynamical correlations in &~ back- depending on the resonance energy. In addition, the forma-

ground spectra and is analogous to similar methods uséiPn Of these resonances may be significantly enhanced in a
successfully in pion interferometry analyd&g]. color-deconfined medium, such as the QGP, by way of the

For smaller rates of productiofe.g., ny~1) Eq. (16) domi_nant Co!or-_o_ctet-octet component of the dibaryon wave
simplifies to functlon. A S|gn|f|c_ant change in the prqductmn rate of thgse
states, in conjunction with other QGP signals, would provide

strong corroborative evidence for QGP formation. High

quality statistics for thgg= ~ invariant mass spectrum can be

, expected at STAR with the analysis of data from of order

(nnepes f—cud)® several hundred thousand central#Awu collision events —
(23)  several days of STAR data acquisition.

_ _ One specificY=0 dibaryon state was used to illustrate
where contributions fromA S;ys;andS’ were neglected. The and estimate the detection and sensitivity range of STAR.
required number of events is proportionahig? as expected This state, thdd™=0*, =1, 1,=0 member of the7-plet,

[29]. Forny(total)~1 and using the results in Table 1V, itis was assumed to lie within a few MeV above {h€ ~ strong
estimated that of order 16 10° Au+Au events must be breakup threshold. The resonance distribution was estimated
analyzed to achieve a minimum dibaryon signal wi#AS  using theP-matrix formalism[9], and the detector response
=3. At STAR, nominal run-time operations should obtainand event reconstruction-analysis effects were estimated us-
10° central Aut-Au events in about two weeks. ing a fast simulation, detector response code. This new simu-

It is likely that the more crucial limiting factor in STAR’s lation tool, FSDR, enables rapid evaluation of relativistic
ability to detect dibaryon resonances, if they exist in theheavy ion detector-reconstruction-analysis capabilities for
mass range considered here, will be due to systematic errongtoposed, new physics programs at RHIC.

Although the sources and magnitudes of these types of errors The ability of the STAR experiment to detect a possible
are not known at this time, a simple estimate can be madel?’—pZ~ dibaryon resonance decay was evaluated in
assuming the false counts due to systematic errors scale witerms of the statistical significance of the dibaryon signal as
overall yield. From Eq(16) the minimum detectable signal a function of the K’ production rate and widtfFWHM).

is determined by the inequality in E(L7) providedN,, can  The numerical simulation results, together with an analytical

— Z(S/AS)Znth,pep(nth,EeE+ NFaIsaE)F(Pl)

ev

024906-10



CAN DOUBLY STRANGE DIBARYON RESONANCES E . .. PHYSICAL REVIEW C 62 024906

model, were used to estimate the data volume requiremengnd the dibaryon resonance production rate is of order 1 or
for much smaller dibaryon resonance production rates. Imgreater per Ad-Au central collision.

proved background subtraction methods were suggested for
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Mattiello, and H. Sorge,

the number of lost signal counts due to the background
fluctuation cut depends on the size of the statistical
fluc-tuations in the background subtracted spectrum

which is proportional toBN,,. Refering to quantities
in Sec. IVA, fy_c,=5/S=(S;—5")/Sr=(npepe=Ne,
—CVBNg,)/(nye,e=Ng,), whereC depends on the invariant
mass domain size, resonance width, and bin SzandS' in
general depend oN, . In this work we consider two kinds of
applications in which  _.,; can be regarded as constant with
respect tony and N, : (1) strong H’ signals wheref;_qy;
~1, and(2) weak H’ signals whereN,n,;? is required.
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