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Abstract

We construct a chiral Lagrangian for pentaquark baryons assuming that the recentlycfoh840 state belongs to an

antidecuplet of S(B) flavor symmetry with/ © = %i. We derive the Gell-Mann—Okubo formulae for the antidecuplet baryon
masses, and a possible mixing between the antidecuplet and the pentaquark octet. Then we calculate the cross sections fc
7~ p— K~6%1 andyn — K~ ©7 using our chiral Lagrangian. The resulting amplitudes respect the underlying chiral sym-
metry of QCD correctly. We also describe how to include the light vector mesons in the chiral Lagrangian.
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1. Introduction ber of SU3) antidecuplet with spiy = 3 or 3. The
hadro/photo-production cross section would depend
on the spinJ and parity P of the ®, and it is im-
portant to have reliable predictions for these cross sec-
tions. The most proper way to address these issues will
be chiral perturbation theory.

In this Letter, we construct a chiral Lagrangian for
pentaquark baryons assuming they arg3lantide-
cuplet withJ = 3 and P = +1 or —1. (The case for
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Recently, five independent experiments reported
observations of a new baryonic stae (1540 with a
very narrow width< 5 MeV [1-6], which is likely to
be a pentaquark stateudds) [7]. Arguments based
on quark models suggest that this state is a mem-
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cuplets, their possible mixings with pentaquark octets,

the decay rates of antidecuplets, and cross sections

forn=p — K~®T andyn — K~ ©™. Finally we
describe how to include light vector mesons in our
framework, and how the low energy theorem is recov-
ered in the soft pion limit.

2. Chiral Lagrangian for a pentaquark baryon
decuplet

Let us denote the Goldstone boson field by pion
octetrr, baryon octet including nucleons 8, and an-
tidecupletincluding®* by P. Under chiral SU3); x
SU)r [8], the Goldstone boson fieldY =
exp2iw/f), where f ~ 93 MeV is the pion decay
constant, transforms as

Y(x)— LY (x)R".

Itis convenient to define another figddx) by X (x) =
£2(x), which transforms as

E(x) > LE)UT(x) = U(x)e(x)RT.

The 3x 3 matrix field U (x) depends on Goldstone
fields w(x) as well as the S(B) transformation ma-
trices L and R. It is convenient to define two vector
fields with following properties under chiral transfor-
mations:

1
V= é(sTauf +‘§8M‘§T)’
V,— UV, U +UB,UT,
i
Ay = é(sTauf _EBMET)f
Ay — UAUT @

Note thatV,, transforms like a gauge field. The trans-
formation of the baryon octet and pentaquark antide-
cupletP including®™ (I =0) can be chosen as

Pijk = PapcUT U ;UM

where all the indices are for §B) flavor. The pen-
taquark baryons are related Ryp. = Ppe) by, for

example, P33 = ©F, Praz= =NO, Priz= L5~

V3 V3
andPii2= Then, one can define a covariant

-l
\/§A_J3/2-
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derivativeD,,, which transforms as

D,.B— UD,BUT, by
DB =d,B+[V,, Bl.

Chiral symmetry is explicitly broken by non-
vanishing current-quark masses and electromagnetic
interactions. The former can be included by regard-
ing the quark-mass matrix = diag(m,,, my, m;) as a
spurion with transformation property — LmR' =
RmLT. It is more convenient to usemé + & TméT,
which transforms as an SB) octet. Electromagnetic
interactions can be included by introducing photon
field A, and its field strength tensdf,, = 9,4, —

Oy Ay

X >D,X=0,% +ieA,lQ. ], (2a)
V= Vo + %AM(ETQé +£0¢h), (2b)
Ay — Ay — EAM(?ETQS — 08", (2¢)

where 0 = diag2/3, —1/3, —1/3) is the electric-
charge matrix for light quarks;(=u, d, s).

Now it is straightforward to construct a chiral La-
grangian with lowest order in derivative expansion.
The parity and charge-conjugation symmetric chiral
Lagrangian is given by

L=Lyx+Lp+Lp, (3)

where
2
Ly= on D, 2D' s —2um(2 + =1)],  (4a)

Lp=TrB(iP —mp)B + DTrBys{A, B}

+ FTrBys[A, B, (4b)
Lp=P>GP —mp)P+Cpn(PIpAB + BIpAP)

+ HpNPysAP, (4c)

where P is the parity of@+, I' = y5, andI'_ =1,
and mp is the average of the pentaquark decuplet
mass.

The Gell-Mann—Okubo formulae for pentaquark
baryons will be obtained from

L = anP(Eme +EmeN)P. (5)
Expanding this, we get the mass splittingsn; =
m; —mp Within the antidecuplet:

Amg = 20,;,my, (6a)
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