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A narrow " peanut" pentaquark
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Abstract. We analyse the dec&s(1/2") — NK in a non-relativistic Fock space description using
three and five constituent quarks for the nucleon and theapeatk, respectively. Following Jaffe

and Wilczek [1], we assume that quark-quark correlatiorspin-zero state play an important role
for the pentaquark internal structure. Within this scemaai strong dynamical suppression of the
decay width is shown to be possible only if the pentaquarkamasymmetric "peanut” structure

with the strange antiquark in the center and the two extecdetposite diquarks rotating around.
In this case a decay width of 1 MeV may be a natural possibility.

The existence of pentaquarks is not yet undoubtedly estedai But if these particles
exist, the exotic members of the pentaquark multiplet maseha very small decay
width of order 1 MeV or even lower. For the possible origin bé tsmall pentaquark
width many qualitative suggestions have been put forwaré $cenarios proposed by
Jaffe and Wilczek [1] the positive-parity spin-1/2 pentakuconsists of an antiquark
and two scalar diquarks in a relatiewave state. In this talk | present the results
of a fully dynamical quark-model calculation of the pentaduwidth done together
with B.Stech and S.Simula [2] using a non-relativistic Feplce representation for the

P = %+ pentaquark in the Jaffe-Wilczek scenario.
The decay amplitud& (© — KN) is related to the matrix element

(N(P)|Syu¥6d10(p)) = ga(d?)Un(P) Yu¥sUa(P) + gr(a7)duin(p) sUa (P)
+g7(07) Un(P') 0uv 0 YsUa (), q=p-p.

Here the form factors; contain poles atj® > 0 due to strange meson resonances with
the appropriate quantum numbers. The residue of the pgieang? = M2 is related to
the amplitude of interest (© — NK): for g% — M2

(MZ — d®)gr(a?)Un(P) ysuo(p) — fkT(© — NK),

wherefx = 160 MeV is the kaon decay constant. The form fagforcontains the pole
atg? = (K})?, but atg? = MZ it is a regular function. Making use of the relationship
between the form factoigy andgp emerging in the limit of spontaneously broken chiral
symmetry [2] gives

Me + My

T(®— NK) = :
K

ga(MZ) - Un(p)iysue(p)

and 2
1|q

[(©)=T(©—K'n)+I(©—K%) ~ n?gi(M}%).
K
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ForMg = 1540 MeV one find$d| = 270 MeV and™ (©) = 2409 MeV. For transitions
between hadrons of the same quark struare: 1 (e.g. for the nucleoga ~ 1.23). So
for a normal resonance one would expe@®) ~ 200 MeV. To obtain a width ok 10
MeV one needs a strongly suppressed vgue: 0.2.

In [2] we calculated the amplitud@N|Sy, ysd|©) and the form factoga(g?) using a
non-relativistic equal-time Fock space representation.
The nucleon in this framework is described by its coordinate wave furttiepending
on the relative coordinatg® =, — T3 andXN = %(F’g +T3) — 1, for which we take the
Gaussian function

1 2 -
Wn(ryra,ra) ~ eXp(——zﬁ,ﬁ ——A > .
ZapN 3aAN

The pentaquark coordinate wave function depends on the relative coorelﬂ?ag =

F’2 — T3, Rog = 4(F2+T3), Fas = T4 —Ts, Ras = 2(Fa+Ts5), Po = Roz — Rus, Ao =
(R23+ R45) F1, whereF; is the position of the strange particlg;s and Rys are the

positions of the two diquarks. As required by the quark-driftscenario, the pentaquark

coordinate wave function factorizes into the diquark wawgctions and the wave func-

tion of the three-particle quark-diquar-diquark systemnywhich we take again Gaussian
parameterizations

Wo(rq|ra,ralra,rs) ~ exp| — ! o2 23\2 ex _i ex _lZS
o(r1ra,rajrsa,rs p Zagepe 3“)%@@ Y 202 p 2a2 )

Theform factor ga can be expressed through the following vector overlap dogsi

Tp+T4+Ts5

/ drodrsdrsexp (I g 3

) Po Wo(rs|ra,rqlra,rs)
X {2WN(r2|ra,rs) + Wn(ralra,rs)},

. 1
Po = =(T2+Tq—T4—Ts).

2
Detalils of this calculation can be found in our paper [2].

Numerical estimates. We present now numerical results for the pentaquark wititio.
assumptions reduce the number of parameters:

1. The structure of the diquark in the nucleon and in the ppratek coincide, i.e. the
size-parametemp of the diquark wave functio®p is equal to the parametery of the
nucleon wave functionyp = apn.

2. The parameters of the nucleon wave function are chosdntkat the experimen-
tal nucleon electromagnetic form factor is reproduced foals momentum transfers,
afy/16+ ajy/48=1/M5. We first take a symmetric wave functiony = apn = 0.9

fm. The diquark size parameter is thep = apn = 0.9 fm. Now only the two free pa-
rameters of the pentaquark wave functmgp anda) o remain to be fixed. Recall that
ape determines the average distance between the two extenglearkis, andr, o de-
termines the average distance betweerstaptiquark and the center-of-mass of the two



diquarks. Little is known about the details of the pentagsaructure. Therefore we al-
low the parameters, o anda,e to vary in a broad range®fm< a) g, 0pe < 1.6 fm
and study the dependencegafand the width on these parameters.

Fig. 1(a) showd (©) vs the pentaquark size parametess and a,e. If both pa-
rameters are- 1 fm, thenga ~ 0.8 and the width is 150 MeV. No suppression due to a
possible mismatch of color and flavour quantum numbers inritial and final states
takes place. However, a strong dynamical suppression @ddiie structure of the pen-
taquark is asymmetric: For instance, tofg = 0.6 fm, ape = 1.4 fm, we getga = 0.05
andlr(©) =1 MeV.

Fig. 1(b) presentB(©) vs the diquark sizep for fixed values of the pentaquark size-
parametersr,o = a0 = 1 fm. A sizeable reduction of the pentaquark width occurs
only for a very small diquark size which corresponds to implhly large deviations
from a symmetric nucleon wave function. Such compact dikgiare not supported by
a successful description of the nucleon properties witmansgtric wave function.
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FIGURE 1. Left (a) '(©) vs the pentaquark size parametegp and a,e. Right (b) '(©) vs the
diquark size parameterp for a symmetric pentaquatkey, = a0 =1 fm.

Summing up, the pentaquark decay widitf®) is found to depend strongly on the
pentaquark configuration: when all size-parameters of émegmuark wave function are
close to 1 fm, one obtains a width of about 150 MeV, i.e. a @gpihadronic valueThe
color-flavour structure of the pentaquark causes no sugwesof the widtt

A strong dynamical suppression of the amplitude occurs fgeanut"-shaped pen-
taquark, i.e. when it has an asymmetric structure valfp; < ape. For instance,
a)e = 0.6 fm anda,e = 1.4 fm brings the width down to 1 MeV.

We therefore conclude thidtthe pentaquark can be described as a five-quark system,
in which two composite spin-zero diquarks are in the reafR+wave state, the small
width requires a rather asymmetric "peanut” structure witho extended diquarks
rotating about the strange antiquark localized near theteen

1 For a discussion of the pentaquark width in the chiral limétrefer to [3].
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