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H dibaryon in the chiral color dielectric model
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The mass of thél dibaryon with spin, parity™=0", and isospir =0 is calculated in the framework of the
chiral color dielectric model. The wave function of thkdibaryon is expressed as a product of two color-
singlet baryon clusters. Thus the quark wave functions within the cluster are antisymmetric. Appropriate
operators are then used to antisymmetrize intercluster quark wave functions. The radial part of the quark wave
functions are obtained by solving the quark and dielectric field equations of motion obtained in the color
dielectric model. The mass of th¢ dibaryon is computed by including the color magnetic energy as well as
the energy due to meson interaction. The recoil correction tdtli#baryon mass is incorporated by Peierls-
Yoccoz technique. We find that the mass of thalibaryon is smaller than th& — A threshold by over 100
MeV. The implications of our results on the present day relativistic heavy ion experiments are discussed.
[S0556-28188)01909-9
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[. INTRODUCTION and therefore the meson exchange contribution to the bind-
ing is expected to be small. Therefore the experimental de-
termination of theH-dibaryon mass is expected to impose a
strong constraint on the quark models used in hadron spec-
troscopy.

The possibility of the existence of a stable six quark
dibaryon composed of two up}, two down d), and two
strange §) quarks confined in a single hadronic bag and

having spin, pa.rltyJ’T:O*, and isospin =0 was first pro- With these considerations, the experimental as well as
posed by Jaffe in 197F1]. This object is a singlet of color, hegretical investigations off dibaryons in particular and
flavor, and spin and thus results in a maximally attraCt'Vedibaryons in general is of great interest. As is well known,
color magnetic interaction between the quarks. Jaffe’'s caIchCD is the theory of strong interactions and in such a
lation predicted the mass of thid dibaryon H;) to be theory, six-quark color-neutral objects are expected to exist.
around 2150 MeV which is about 80 MeV less than the Whether these are stable against strong decays depends on
— A threshold. Such a state would then be stable againshe details. Already a number of QCD-inspired models have
strong decays into three-quark baryons and can decay onlyeen employed to investigate the properties of baryons, the
by weak interaction into a pair of baryons. Jaffe’s calculationthree-quark color-neutral objects, and generally these models
was performed in the MIT bag model. Later, this calculationare quite successful. The calculations of the propertigd of
was refined by including the center-of-mass correcfidly ~ dibaryons and other dibaryons in these models and a com-
SU(3)-flavor symmetry breaking3], surface energy term in parison of these with the experimental results is needed as
the bag modef4], coupling of pseudoscalar meson od&}  these models are likely to yield different results in the
etc. Calculations have also been performed in the nonrelativdibaryon sector. The experimental observationotherwise
istic potential mode]6—9,10—16 and Skyrmion moddl17]. of the H dibaryons will then be able to indicate which of
Production cross sections bf dibaryons in various experi- these models are better.
ments have also been estimaf@é8—21]. Most of these cal- The H dibaryon, if stable, is likely to be produced in
culations predict the mass &f; to be very close to the. relativistic heavy ion collisions due to the abundant strange-
— A threshold. Some of these calculations predict thais  ness production in the hot and dense hadronic matter formed
stable against strong decays with mass below Ahe A in the collision. For example, calculations using a cascade
threshold where the others predict an unstable If the  code such asrc [16] find that in a collision of Au ions with
H-dibaryon mass is below th& — A threshold, one expects similarly heavy target nuclei, more than 20 hyperons are ex-
that, unlike the deuteron, the dibaryon would be a state of pected to be produced in central collisions at AGS energies.
six quarks bound in a single bag and not a two-baryon stat&his implies that there is a large probability Af—A coa-
bound by meson exchange interaction. The reason for this iescence leading to the formation ofHadibaryon. Further-
that in the deuteron the pion exchange interaction providemore, the formation of quark gluon plasma with large baryon
the bulk of the binding force where as in thédibaryon  density and its subsequent decay is also expected to enhance
case, one-pion exchange is not possible inAkeA channel the strangeness production in the fragmentation region. This
would lead to an enhancement in the formatiorHodlibary-
ons in the relativistic heavy ion collisions. So far, evidence
*Email: phys@boseinst.ernet.in for the existence of théd dibaryon or otherwise is rather
"Email: phatak@iopb.stpbh.soft.net scanty and inconclusive. An isolatétl candidate has been
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reported in bubble chamber experimefit§]. ThreeH par-  theH dibaryon is given. Finally, the results of the calculation
ticle candidates have been observed in three different emuére discussed in Sec. IV.

sion experiment$19]. In another experiment of the heavy
ion collision of Au + Pt, E886 Collaboration has reported a
null result for the search of thid particle[20]. On the other
hand, in a more recent heavy ion experimgti] a number The CCD model Lagrangian density is given [[32]
of H dibaryons seem to have been detected. This experiment

seems to give &l-dibaryon mass of about 2180 MeV and a _
lifetime of about 3.%10 1° sec. Of course, it must be E(X)=¢(X)[i¢9—
noted that this result is not yet conclusive enough.

In the present work the mass of thkdibaryon has been 9 c.a
calculated in the framework of the chiral color dielectric +§)‘3A (%)
(CCD) model. The CCD model has been used earlier in 1 1
baryon spectroscopj?22] and for the investigation of static _ .4 a 2, = 2 2_
properties of nucleons in nuclear medifi28]. These calcu- 42X COLFLL00 17+ 2 Tl aux ()= U000,
lations have shown that the model is able to explain the static 1)
properties of light baryons very well. Furthermore, when ap-
plied to the quark matter calculation, the model yields an

equation of state which is quite similar to the one obtained(’\/herew(x)’ Au(X), x(x), and$(x) are quark, gluon, scalar

from lattice calculations for the zero baryon chemical poten- color dielectrig, and meson fields, respectively, andm,
tial [24]. The CCD model differs from the bag model in are the masses of the quark and mesbpss the pion decay

constantF,,,(x) is the usual color electromagnetic field ten-

several aspects. First of all, in the CCD model, the Confme'sor,g is the color coupling constant, and and)\; are the

ment of quarks and gluons is achieved dynamically through | Gell-M . P
; L L - t t I fl ,
the color-dielectric field. In the bag model this is done byusua Gell-Mann matrices acting in color and flavor space

respectively. The flavor symmetry breaking is incorporated
hand. Also the quark masses used in the CCD model arge Ft)he La}érangian throggh thg quark gmass teFIr)nb

different than those used in the bag model. In the bag mOdele[m/)((x)][lJr(i/f )\L3(x)] wherem,=0 for u and d
u andd masses are taken to be zero. The CCD model re: e 0

X quarks. Therefore, the masseaupfl, ands quarks aren, m,
quires that these masses are nonzero. It has been faaghd and my+m, respectively. The meson matrix consists of a

that to fit baryon_masses, the requir.ed.amdd masses are  ginglet 5, a triplet of r, and a quadruplet df.
~100 MeV. It might be noted that similar masses are used The self-interactiorJ (x) of the scalar field is assumed to
in relativistic quark model$25]. Thus, the values of quark pe of the form
masses in the CCD model are closer to the constituent quark
masses. The main difference between the present calculation
and most of the earligd-dibaryon calculations is the inclu-
sion of the pseudoscalar meson coupling to ltheibaryon
state (however, see Ref$5] and[9] which include meson
self-energy. The meson self-energy corrections are expecte@0 thatU(x) has an absolute minimum gt=0 and a sec-
to shift the masses of dibaryons by a few hundreds of Mevondary minimum af=1. The parameters of the CCD model
just like the shifts produced in the baryon masses. Thereforare quark massesm( and mg), the “bag constant” B),
one needs to include these self-energy contributions in &trong coupling constantag=g?4), pion decay constant
more realistic calculation. Furthermore, the explicit breaking(f ), glueball(or dielectric field mass (ngg), and the con-
of SU(3)-flavor symmetry, which arises from the difference stanta in U(y). Of these parameters, the value @fis
between strange ana(d) quark masses is included in our chosen to be 24 since from our earlier calculatif?®| the
calculation. results are not sensitive to it. Also, we choose the experimen-
The color dielectric model has been used earlier to comtal value of the pion decay constarft,&=93 MeV) in our
pute the masses of dibaryons. Nishikawa, Aoki, and Hyuga&alculations. Thus we are left with five free parameters to be
[26] have computed the dibaryon mass without including theadjusted. In our earlier calculatio22] we found that a
pseudoscalar meson interaction and Pal and McGo\th  reasonably good fit to the baryon masses is obtainednfor
have included meson interactions but they do not fit theand BY ranging between 100 and 140 MeV. We therefore
baryon masses. Our calculation of the meson self-energy ishoosem andB*#in this range and adjusbgg, a5, andm,
similar to that of Pal and McGovern but we compute the bardo fit the nucleon,A, and A masses. Computed masses of
dibaryon wave functions using the cluster metlieele later  other octet and decuplet baryons are within a few percent of
whereas Pal and McGovern use the group theory techniquéheir experimental masses.
We believe our method of computing bare dibaryon wave The methodology adopted in the present work is similar
functions has an advantage that it can be generalized fdo the one followed in the baryon spectroscopy calculations
states having larger baryon numbers. [22] or, for that matter, the one followed in the cloudy bag
The paper is organized as follows. In Sec. Il, the chiralmodel calculationd28]. Thus we first compute the quark
color dielectric model is presented and the methodology ofvave functions in the mean field approximation by solving
the calculation is described. In Sec. Ill, the dibaryon wavecoupled quark and dielectric field equations obtained in the
functions are constructed and the expression for the mass G@CD model. These equations are

II. THE CHIRAL COLOR DIELECTRIC MODEL

m
Mo+ ——

X(X)

1+ fl—)\;¢a(x))

1 1
Yt 510, ¢a(0) =5 mGe%(x)

U(x)=aBx?(x)[1—2(1—2/a) x(x) + (1 - 3la) x*(x)]
2
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( - t ) B as i jo 2
@-p=Mo= 1oy P(r)=Ey(r), (€ EM:?;J- Ho|\S ')\ja'i-a'jJ rdrr'dr’

, 2, dU(x) m _ gi(Nfi(r) g;(r")Hfi(r’) ,
X"(N+—x'(r) X + ngz(r)@ﬂ(f)lﬂ(f))—o- X N NG Gy(r,r’) H1>1 (8

(4)
whereg andf are the upper and lower components of Dirac
Here ¢(r) is the four-component Dirac spinox(r) is the  spinor, x* is the color dielectric function, and the Green’s
color dielectric field, than's are theu andd quark masses, function G,(r,r’) is defined in Refs[22,29.

m, is the mass difference betweenand u quarks, o In order to compute the correction due to meson interac-
=2aB/mig, Mgg is the mass of the dielectric field, and tion, we evaluate the matrix element of meson-quark inter-
U(x) is the self-interaction of the dielectric field. action Hamiltonian

In the mean field equations above, we have assumed a
spherically symmetric and time-independent dielectric field i . M — ¢
generated by the quarks present in thg orbital. (For de- Hint:?J d Xm‘ﬂ(x)%)‘i P(x) $i(x) ©)
tails of the CDM Lagrangian, field equations, mean field
solutions, etc., the reader is referred to R@®].) The bare  pepyveen bare dibaryon states. Thus, the meson interaction
wave functions of the dibaryon states are constructed by putsgntribution to the dibaryon mass is given by
ting six quarks in thes,;, orbitals obtained by solving the

field equations given above. The details of constructing the L, e A
antisymmetric six-quark wave function are given in the fol- g d3k<B|Him|B ¢(K))(B", 4 (K)[HinB) )
lowing section. The mass of this state is computed by evalu- B, Mg—Eg/ (k) —w4(k)

ating the matrix element of the CCD model Hamiltonian (10

Note that one needs to sum over all dibaryon stat&9 (
which couple toB via the octet of mesons. Fortunately, the
H dibaryon has spin zero and color and flavor neutral. There-
fore B’, in this case, are the flavor-octet, spin-1 dibaryon
5 states. Also, the dibaryon masses appearing in the energy
denominator in Eq(10) are the physical massémcluding
the meson correctign In our calculation we approximate
these by the bare masses. This approximation is likely to

tor of a quark in the state computed in E§) andIl is the introduce an error of less than 10% in the meson interaction

momentum conjugate to the dielectric figfd The method of contribution. Since the meson interaction contribution itself
coherent statef29] has been used to better account for theis a few hundreds of MeV, we expect an error of ten MeV or
energy associated with the dielectric field. To this the color-IesS in theH dibarvon mas's The dibaryon mass is then given
magnetic interaction between the quarks is added perturb%-y y ' y 9

tively (see Refs[22,3( for detaily. The bare mass of the
dibaryon is then

N m
H0=Jd3x > wT(—ia-V+;+m0
1
2

ag
Xyt (VX)) + 1]+ U (x)

between the dibaryon state. Hapeis an annihilation opera-

Mg=(B(0)|Ho|B(0))+Epm+Emeson (11)
MZ=(B(0)|Ho|B(0))+Ey, (6)
I1l. H-DIBARYON WAVE FUNCTION

where|B(5)) is the bare dibaryon state having zero momen-

tum. This state is constructed by using Peierls-Yoccoz pro—strjgi dV\;asvg f?ggﬂgtnofog zixs-lxljl(;l:l?;k ;:(I;Lés\t,s;\,les thnecrt]iozog;] d
jection techniqudg 31,32 which helps in removing the en- P 9 P

ergy due to the spurious motion of the center of mass. Not%spm-ﬂavor-color wave function. Since all six quarks are in

that the first term in the bare mass is same for all dibaryon € S112 orblta!, the space wave fuhct|on Is symmetric. We
d it convenient to express the spin-flavor-color wave func-

having same number of strange quarks and the second ter ly duct of t | tral th K f
representing the color-magnetic interaction, depends on thtOn as a product of two color-neutral three-quark wave func-

spin-color wave function of the dibaryon. The color mag-';'ort‘ﬁ ans trf:e: amlfsymrrrllft”;etwe vr\]/at\ée f':/\r/mtl?n \;Vlih.respect
netic energyE,, is given by o the exchange of quarks between the two clusters:

EM:%Z d3rjﬁf‘(ra)-,&f(ra), 7) |C102>f,s,c:P;2 ay gCy)lCr)slcr)e X [Ca)ilCa)slCo)e
(12

i<j

_)a =, . . .
whereAj(r) is the (color) vector potential generated bh where the subscriptf s, ¢ denote the flavor, spin, and color

quark andj?(r) is the color current ofth quark. The vector wave functions of three-quark clusters andandc, denote
potential A is obtained by using the Green’s function tech-the first and second clusters, respectively. The color wave
nique[22,29. Thus, we have function [Ci)¢==| mn€rmall)lm)n) is antisymmetric
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(color-singlej with respect to exchange and that is ensured 3 k*dko2(k)
by the Levi-Civita symbole , ,. =, includes the summa- mesor™ f z
tion over possible spins, isospins, and hypercharges of the Zfiﬂzl €x(K)[Mo=Ms = e (K)]
clusters 1 and 2 so as to give a dibaryon state of definite spin, Kedko?(K)
parity, isospin, and strangeness. The permutation operator +2J UK
1 ex(K[Mo—My—ex(k)]
P= gLt STA L1+ 8 A el 1+ 8 364 el , f k*dkog (k)
+
(13 ex(K[Mo—Mz—ex(K)]
is required for proper antisymmetrization of quark wave Xf k“dkvf?(k) 16
functions between two clusters. Note that since the color €, (K[Mo—M,—€,(K)]]’

wave function of a cluster is a color singlet, we need to

symmetrize the intercluster color wave function and thereygreM'’s are the masses of the dibaryon states excluding the
fO(e antisymmetrize the spin-flavor wave function. Alsp, themeson self-enerdy, (k) (i=1,K,7) is the form factor for
spin and flavor'cluster wave functions are symmetric anghe ith meson coupling to the quark in the dibaryon states
therefore are simply the octet and decuplet baryon wavgq . (k) is the energy of the corresponding meson. Since
functions. The state thus constructed is a bare dibaryon stajfq 1 _giharyon state is a spin-flavor singlet, the pseudoscalar
anq corrections due_ to gluon and pseudoscalar meson intgeqon octet induces a transition betweentihdibaryon and
actions net_ed to be included. e ._the (flavor) octet of the dibaryon states having spin 1. The
The H-dibaryon state we want to consider in this work i ginarvon octet states, in turn, couple to other dibaryon states
a color-, flayor—, and ;pm—smglet state. In. terms of the CIUSteEhrough the coupling of the pseudoscalar meson octet. Thus,
wave function described above, the spin-flavor-color wavgy 5 complete calculation, the coupling of the octet dibaryons
function of theH dibaryon is with other dibaryon states should be included and the masses
1 of all the dibaryon states should be determined in a consis-
|H.)= ZP{IpE‘)Jr|:‘p)—|nE°>—|E°n)—|2+2‘> tent fashion. Such a somewhat formidable calculation is be-
ing done. Here we want to present the results of a restricted
— 2SN H[ZOS0 + [AAYHT L = L THC)elCode calculation described above.

14

where the first term on the right-hand side of Etd) con- . ]

sists of a combination of baryon octet flavor wave functions W€ now come to the discussion of the results of our cal-
and the second bracket is the antisymmettico baryon culation. The parameters of the C_CD model are the quark
spin wave function. Note that the baryon wave functionsmassesifi, andm), the strong coupling constaat, the bag
themselves consist of the product of @Ucolor and Sie) ~ PressureB, the meson-quark coupling constdnt, the mass
flavor-spin wave functions of quarks. The fact that the wavedf the dielectric fieldM gg, and the constant. Of these, we
function|H,) is a singlet of color and spin is obvious. One have fixedf =93 MeV (the experimental pion decay con-
can convince oneself that it is a flavor singlet as well bystan} anda=24. The rest of the parameters have been cho-

showing that the operation ¢§uark) isospin,V spin andu  Sen by fitting the octet and decuplet baryon masses. Earlier

IV. RESULTS AND DISCUSSION

Let us now consider the mass of thedibaryon. In the ited range of values ofno, B, andm (mg~100 MeV, m
cloudy bag model approach, the mass is given by ~200 MeV, and 100 Me¥B'*<140 MeV) whereas
the strong coupling constant is essentially determined by
My, = M2+ M meson (15  the nucleorA mass difference. But equally good fits to the

baryon masses are obtained for a wide range of the glueball

where, from Eq(6), one can writtMg=Mo+M.. Mgisthe  mass (0.8 Ge¥mgs<15 GeV). However, it has been
contribution to theH-dibaryon mass from quarks and dielec- found that the lower values of glueball mass yield better
tric field, whereasM is the contribution due to color mag- values of charge radii and magnetic moments. In the present
netic field and is evaluated using E®). calculation theH-dibaryon mass has been computed for a

The meson self-energyl nesonis computed by coupling |arge set of the parameter values which fit the masses of
the pseudoscalar meson octet to thelibaryon. The meson nucleon, A, and A masses. For these sets, the difference
coupling to theH dibaryons leads to an octet of dibaryon petween calculated masses of other octet and decuplet bary-
states and the meson energy calculation requires the wawshs and the experimental masses is within few %. This is
functions and masses of these states. The octet dibarygeflected in the X2=Ebaryon£M(eXP)—M(CCD)]Z/
wave functions are obtained by operatiﬁg)\ia&i on the  M(exp) given in Table I. This clearly shows that the quality
H-dibaryon state. Herg? are the(flavor) SU(3) Gell-Mann

matrices forith quark ande; is the spin operator. The

masses of the dibaryon octet have been calculated by usingThe notation used for the dibaryon octet is same as that of the

the procedure outlined in the preceding paragraphs. baryon octet. Thus\l is the mass of the dibaryon with isospin 1/2,
The expression for the meson self-energy [fsom  hypercharge 1, and spin 1. It should not be confused with the

Eq. (10)] nucleon mass.
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TABLE |. The dependence dfi-dibaryon mass¥i, ) onthe  masses are smaller than the- A threshold. Thus, théd
parameters of the CCD model, is dimensionless, the proton rms dibaryon is stable against strong decays in the CCD model.
radius (column 6 is in units of fm, the proton magnetic moment The binding energy of theH dibaryon varies between
(column 7 is in units of nuclear magneton, and the masses are iL60 MeV (for mgg of 800 MeV) and 90 MeV(for mgg of
the units of MeV. TheH-dibaryon mass is given in the last column. 1250 MeV). These values are larger than the result of
Ahmed et al. [21] as well as Jaffe’'s predictiofi]. Similar
fms  Mp  X° My, values ofH-dibaryon masses have been obtained by Nish-
ikawa, Aoki, and Hyugd30] (100—200 MeV of binding
819.0 0.269 103.0 211.0 103.0 0.781 2.44 4.32 2071'Oand Pal and McGoverf81] (100 MeV ofbinding in color
893.0 0472 122.0 2100 103.0 0.760 2.37 3.84 2073.04ig|ectric model. However, our calculation is better than
927.0 0.288 108.0 212.0 108.0 0.751 2.37 4.37 2087.0hese calculations in several respects. For example Nish-
968.0 0.578 133.0 209.0 106.0 0.740 2.34 3.80 2083.0ikawa, Aoki, and Hyuga do not include meson interactions.
1008.0 0.216 102.0 214.0 113.0 0.731 2.33 4.81 2103.0y/e also compute meson corrections and center of mass cor-
1059.0 0.271 111.0 213.0 115.0 0.717 2.30 4.68 2109.Gections more accurately.

1118.0 0.261 112.0 213.0 118.0 0.703 2.27 4.85 2119.0 To conclude, we have calculated the-dibaryon mass
1167.0 0430 132.0 211.0 118.0 0.689 2.24 4.59 2121.Qusing the CCD model. Along with the color magnetic en-
1208.0 0.232 112.0 214.0 123.0 0.683 2.23 5.19 2133.Cergy, we have also investigated the effect of the quark-meson
1251.0 0.214 111.0 215.0 125.0 0.673 2.20 5.41 2140.Ccoupling on theH-dibaryon mass. The correction due to the
spurious motion of the center of mass is included in the
calculation. The projection technique is used to project out
of fit is the same for all the parameter sets so long as thé® good momentum states and these states are used in the
baryon masses are considered. We have also shown the pigRmputation of the dibaryon-meson form factors. It is found
ton rms radius and magnetic moment for these parametdpat theH-dibaryon is stable against the strong decays for the
sets. It is clear that these values are closer to experimentRframeters of the CCD model considered in the calculations
values for smaller values of glueball mass. with th_e b|_nd|ng energy_of about _100 MeV or more. The

The calculatedH-dibaryon masses are displayed in Tabledetermination of theH dibaryon width (due to the weak
I. In the results shown here the glueball mass has been varidgteraction, masses of other dibaryons, and their strong de-
from 800 to 1250 MeV, the: andd quark mass is varied €&y widths(due to their decay into a pair of baryolne the _
between 100 and 135 MeV a4 is varied between 100 CCD model needs to be done. These calculations are in
and 125 MeV. It is interesting to note that thedibaryon  PrO9ress. o _ _
mass increases almost linearly with the glueball mass and OUr results are significant in the context of the ongoing
does not show any systematic dependence on the other psarch for the quark-gluon plasma in the laboratory. One of
rameters. Furthermore, the variation in tedibaryon mass (e possible unambiguous ways to detect the transient exis-
is quite large. For example, thé-dibaryon mass changes by {€nce of a temporarily created QGP might be the experimen-
about 70 MeV when the glueball mass is increased fromi@l observation of exotic remnants such as the f_ormatlon of
about 800 to 1250 MeV. This variation in the dibaryon massStrange matter or strangeletf34,35. The six-quark
arising from the change imgg is about an order of magni- H-dibaryon state is supposed to be the lightest strangelet
tude larger than the variation found in the baryon octet angt@te. Therefore, the fact that such states are found to be
decuplet masses. Here we would like to note that the lowept@Ple for the reasonable parameter ranges in the present
values of the glueball massemgz<1 GeV) yield better study makes it !mperat|ve to put more experimental efforts to
agreement with the static properties of bary¢eisarge radii, 9etect such objects.
magnetic moments, ejc.22]. Furthermore, it has been ob-
served that a better agreement with thd scattering data is
obtained formgg~1 GeV or smallef33]. We therefore feel S.K.G. would like to thank the Council for Scientific and
that results withmgg=<1 GeV are somewhat more realistic. Industrial ResearciCSIR), Government of India for finan-

The results in Table | show that the computédiibaryon  cial support.
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