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The H dibaryon was examined within a chiral constituent guaodel. The parameters were fitted
to describe the strangeness —1 and —2 cross sections aatbteguredictive power is expected.
A detailed analysis of the contributions of the interactpgential as well as the number of
coupled channels considered is performed. We obtain atlslighund H dibaryon, wittBy =

7 MeV, compatible with the constraint given by the Nagarangvthat falls within a plausible
extrapolation of recent lattice QCD results.
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The H dibaryon was suggested more than 30 years ago by Jaffetfie context of the MIT
bag model as a stable, flavor singlet state with strange@eaad quantum number® = 0" at
2150 MeV, therefore 81 MeV below th&A threshold. It was considered to be a compact state
where all six quarks are squeezed in a small region. Sincéguaiks in nature have not been
found so far, the H dibaryon is interesting as it is a prongigiandidate. The H dibaryon can be
approached through the baryon—baryon scattering coimsidalt possible strangeness -2 two—body
states coupled td” = 07: AA, N= and3Z.

On the experimental side, many searches have been perfdiynseveral methods, but no
conclusive evidence has already been found. It is not eadgdiole whether the enhancements of
the AA invariant mass mean a resonance or whether they can beregldirough the\A final
state interactions instead. As no information can be etddaftom direct searches, one needs to
have a look at double hypernuclei. They provide the only taitg known so far to the mass of
the dibaryon. The binding energy of H needs to be smaller tharbinding energyBaa of the
double hypernucleus. Therefore one has to look at the ddwyiplernuclear events reported to date.
The most stringent constraint is given by the so—called Kageent [2], givingBy < 7.13 MeV.
Therefore if such an object exists, it should be slightlyrmhu

From the theoretical side, many approaches have been dagembdels, skyrmions, non-
relativistic quark models, QCD sum rules, etc.. [3] but noeggal trend has been found. This
situation is in clear contrast with the agreement that aséhframeworks exhibit when studying
spectroscopy, and shows the importance of this problemsiridiinate among the different ap-
proaches.

The basic mechanism that is expected to give large attraaiiche original work [1] is the
chromomagnetic interaction (CMI), which is proportionald - gjA; - Aj, beingg; andA; the Pauli
and the color matrices of thiéh quark. The value given by the CMI operator is smaller foixa s
quark configuration than for a two—baryon one. However, kjnaodel's approach to the problem
assumes a two—baryon configuration, studying then the babayyon interaction by using quark
degrees of freedom and finally searching for a bound state.

There has been a steady progress in the lattice calculadiamsg the last years. Two col-
laborations (NPLQCD [4] and HALQCD [5]) reported to have foua bound H dibaryon. Un-
fortunately, these results are obtained by using nonpalypion masses: 390 MeV for NPLQCD
and 837 MeV for HALQCD collaborations. To obtain a prediatifor By at a physical value
of m;; two different extrapolations have been done [6]: quadraliat leads to a bound dibaryon
(By = 7.4+ 2.1+ 5.8 MeV) and linear, that gives a dibaryon at threshddd & —0.24+3.3+7.3
MeV). Due to uncertainties, it is not possible to discrimiénbetween bound or unbound.

Our study of the H dibaryon is based on a chiral constitueatlqmodel. It is a nonrelativistic
potential model that reproduces the basic properties of Qa3Pmptotic freedom, confinement
and chiral symmetry. Due to spontaneous breaking of chymainsetry, current quarks acquire
mass, becoming constituent quarks, whereas Goldstonenbdmrome massive. One has two
different scales, associated to confinement and chiral stmnibreaking. Quarks, gluons and
Goldstone bosons interact in the region between both. Takkgquark potential has a confinement
piece, a perturbative one—gluon exchange (OGE) and a gdtahtial. The model was born to be
applied to the nonstrange SU{3U(2) sector, and successfully described interaction angoin
spectrum, NN phase shifts and deuteron properties [7]. Xtension to SU(3) symmetry can be
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Figurel: Interacting potentials contributing to the H dibaryon

implemented in two different ways, being the main differebetween both the presence or absence
of an scalar—octet exchange. The choice we will take hdtefmmtains, besides the confinement
and perturbative pieces, a pseudoscalar octet (PSE), a stiadjlet Op) and also a scalar octet
(SCE) pieces. It has succeeded describing hypertritonrj@]strangeness —1 and -2 elastic and
inelastic cross sections [9]. It reads:

Vigq(T) = Veon(T) +Voge(T) + Vo, (T) + Vsce(T) + VeseT) - @)

Once the quark—quark potential is known, the baryon—bairytnactions are built through a Born—
Oppenheimer approach. Next, one has to solve the two—bagylem-channel problem. We start
by considering a physical system made of two—baryons Wwilhand P. In general, there is a
coupling to any other two—baryon system having the sametgoanumbers.

For SU(3) exact, the flavor singlet state can be written irptmticle basis, as

\H>:\/§\/\/\>+\/§!NE>—\/§\ZZ>- 2)

We have found thaf\A is weakly attractive with a repulsive core. In contrasg &hdZX present
deeper attraction, as can be seen in Figure 1. The one—dhandimg energies of these diagonal
interactions, with respect to their own thresholds are 0eV/Nbr both NE and>Z. AA is not bound.
The magnitude of the three transition potenti&ls — N=, AA — X3 and NE — 2% is comparable to
the diagonal potentials, showing that the effect of chacnapling is strong. To get more insight
on the structure of the H dibaryon, we have computed the hineinergy in the one—, two—, and the
complete three-channel approaches for different piecdseipotential, as shown in Table 1. First
we realize that OGE is repulsive in our model [10], oppositehie behaviour found in the early
works. The PSE contribution shares this repulsive featlitee scalar singlety exchange is the
only attractive piece in the three approaches. Note thahiodel containing onlypg the AA — N=
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Table 1: Character of the strangeness —2 two—baryon interactidmeimhe—, two— and three—channel ap-
proximations, for different quark—quark interactions. ridicates repulsion, WA weak attractioly(N) in-
dicates attraction, being the binding energy in MeV. PSE stands for the pseudoscatdragge, OGE for
gluon, SCE for the scalar octet aog for the scalar singlet as indicated in Eq. (1)

Biany Biaanzy Biaanz s

OGE R R R
PSE R R R

o A(5.4) A(5.4) A(8.3)
SCE WA WA R
OGE + PSE R R R

0o + PSE A(0.1) A(0.1) A(0.4)
OGE +0y A(0.1) A(0.1) A(0.6)
OGE + PSE +0gg WA WA WA
OGE + PSE 405+ SCE| WA A(L.6) A(7.0)

transition would never be possible. This transition is ryadniven by thek exchange, that belongs
to the scalar octet exchange. Without such a transition anddiget a zero probability associated
to the N state and so the wave function would be completely diffeterihe flavor singlet (2).
Therefore, although a binding energy of a few MeV is guareshtey thegy contribution, one needs
to include more physics. The contribution given by the scatdet (SCE) turns out to be crucial
to understand the H dibaryon in our model. Its charactergatgtween a weak attraction for the
one— and two—channel approximations and repulsion fortteetchannel calculation. However,
when adding the scalar piece to the OGE + PSf ¢ontribution, the weak attraction (not enough
to form a bound state) turns into a binding energy of 7 MeVhaligh weak by itself, the SCE
contribution is the responsible not only for the binding rgigeobtained in our model but also for
a correct description of thAA, N= and XX probabilities. This is possible because thand K
exchanges are the main pieces that confAécto the more attractive Kland>Z channels.

As we have just seen, the binding of the H dibaryon depends omohe gy andk exchange
potentials. Therefore we have computed the variation obihding energy as a function of the
coupling constant of thep, and the masses of tlmy andk mesons, as can be found in Figure 2.
As g2, /4m increases, the dibaryon becomes more bound. The dependithcen, and mg, is
opposite: as the masses get larger, the dibaryon is lesseaadbund. These variations let us
arrive to a couple of conclusions: first, a loosely bound iba is allowed in our model, and
second, the H dibaryon is bound in our model for any reaseneimice of the parameters.

Flavor symmetry breaking (FSB) is expected to be large ae the two strange quarks in this
system. Our model assumes broken SU(3) and several sotisygametry breaking take part. Not
only a different mass is given to the strange quark, but alliierent oscillator parametebd = b)
is assigned in the orbital wave function. Therefore the nemdb allowed interacting diagrams is
dramatically reduced because an exchange of a strange myid @uark is not allowed as they are
distinguishable particles. When trying to restore SU(3)s)etry, by removing all possible sources
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Figure 2: Dependence dBy on the masses of (a) the coupling constant andnib)

of FSB in our model, we geBy = 10.5 MeV, around 50% larger. We conclude that FSB lowers
the attraction, a feature that is shared by other quark—hsbagies of the H dibaryon [11, 12, 13].

Although the original work suggested a compact six—quarkfigaration, different calcula-
tions within the quark model framework found that a dibargontaining only the0s)® configura-
tion would not bind [14, 15]. It is thus necessary to consldes compact configurations to benefit
from the medium-range attraction associated tadttexchange.

The procedure to obtain the physical probabilities of défé channels in the Resonating
Group Method treatment usually starts by postulating th€3%tlavor singlet wave function of
Eq. (2), performing afterwards a perturbative variatiocakculation. This is not the case of our
work, since the coefficients of the baryon—baryon companehthe flavor wave function are ob-
tained as an output of the calculation, without making fertassumptions. The probabilities we
got arePyp = 0.177,Py= = 0.446 and>s = 0.377. They are quantitatively similar to those of the
flavor singlet, from what we can infer that in our model theyloarbaryon wave function is at first
approximation SU(3) symmetric, being the difference betwboth due to the flavor symmetry
breaking effects.
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