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A (1600: A strange hybrid baryon
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We use the method of QCD sum rules to investigate a possible hybrid baryon with the quantum numbers of
the A. Using a current composed oflsquarks in a color octet and a gluon, a strange hybrid Athe is found
about 500 MeV above th&, and we identify it as thé (1600). Using our sigma or glueball model we predict
a large branching fraction for the,— A + o(7 7 resonancg and the experimental search for this decay mode
could provide a test of the hybrid nature of th¢1600).
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[. INTRODUCTION One advantage of the sum rule method is that the composite
field operator, called the current, for the particle, for which

One of the most important aspects of hadron spectroscopye use the symbah,, is a clearly defined hybrid, with the
for providing new information about quantum chromody-three quarks having nonzero color. Our conclusion in the
namics (QCD) is the identification of hybrid hadrons, me- present work is that tha (1600) is a hybrid. The theoretical
sons, and baryons that have g|uonic valence Component@_&'CUlaﬁon is similar to that of our previous work in which
These are typical exotics, hadrons that cannot be explainete concluded that the Roper is a good hybrid baryon candi-
in standard quark models. Since some exotic mesons can Ki@te. Note that the excitation energy of the,(1440) reso-
identified by their quantum numbers, a great deal of work@nce above the nucleon is similar to that of the1600)
has been done on hybrid mesons. Hybrid baryons are mo@P0Ve theA. We also use the arguments of Rgt2] to
difficult to identify experimentally, although there are clear SU99est a test of th&(1600) as a hybrid.
theoretical definitions. For example, a nonstrange baryon or
a baryon with strangeness-1 with three quark compo- Il. QCD SUM RULE ESTIMATE OF THE MASS
nents in a configuration with coleér0, while the three OF THE Ay
quarks plus gluon have zero colpr, is certainly a hybrid.  The current operator for tha,, that we use is the form
Strangeness + 1 baryons are exotic, but cannot be charac-yseq in Ref[8] modified for strangeness:
terized as hybrids in the sense that they must involve an
antistrange quark rather than valence glue. N\E ¢

There have been theoretical studies of hybrid baryons for ~ 7aH= Gabc[ua(X)CY"db(X)]Vawa(X)<7S(X)) , (D
two decades, including bag model calculations of nonstrange
hybrids [1-3] and of strange hybridg4], models of the \here @,b,c,e) are color indices® is the generator of the
P1,(1440) (Rope) resonance as a hybrid,6], QCD sum  guy(3) color group, (,d,s) refer to up, down, and strange
rule studies[7-9], and flux tube model$10,11. A major  gyarks, andG,,,=d,A,—d,A,—ig[A,,A,] is the gluonic
problem is to identify the hybrids. Electroproductifsi and gy, withA,= A" \"/2 the color field. The corresponding
a large decay branching ratio into the sigmar resonance .qrelator is "

[12] have been suggested for tests of the Roper resonance as
a hybrid; and possible tests of hybrids related to the flux tube
model have been suggestgtB]. See the recent review by
Barnes[14] for a discussion of hybrid baryons and possible
ways to identify them.

In the early bag model studies of nonstrange hybrid bary- m \"
ons[1-3] there was a range of solutions of about 1.5-1.9 X(0|G™ (x)G" (0)|O>)‘_ce c’e’
GeV for the lightest hybrid. Using a bag model for the study pe B 2
of A-like strange hybrid baryons, i.e., usifigdsg configu- , ,
rations with theuds quarks in a color octet, in Ref4] a XTI SH* * (x)Cy*Sy” (x)y*Cl, 2
narrower range of solutions was found with the choice of
parameters used, and the authors concluded the lightewthereS; is the flavorf quark propagator an@ is the charge
A-type hybrid might be the three-star(1600). conjugation operator. The correlator has two independent

In the present work we use the QCD sum rule method a&erms, which in momentum space can be written as
in Ref.[8] to estimate the mass of the lightest strange baryon
with the quantum numbers of the: JP=1",S=—11=0.

TT 5 1(X) = (0| T[ 74 1(X) 7514(0)]]0)

= €% ¢y, SE° (X) YpYs

11(Q) =1 [ €¥0ITE 700 7(0)110)

*Electronic address: kissling@andrew.cmu.edu =T1,(g?)q+11,(g?), 3
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FIG. 1. Diagrams folll,(g?) for the OPE including dimension
6 condensates.

with 4= v,9".

The QCD sum rule calculation is very similar to that in
Refs.[8,9]. The operator product expansi@@PE) converges
rapidly at highQ?=—q?, which is achieved via a Borel
transform. The diagrams included fbk;(q?) are shown in
Fig. 1, and the diagrams included fbk,(g?) are shown in
Fig. 2.

One finds from the diagrams of Fig. 1 that

1
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agm
and from the diagrams of Fig. 2 that
16
I2(Q?)= —(0[ss[0)QCIN(Q?)
97
20
——(0lgo-Gd|0)Q*IN(Q?), (5)
a

whereQ?= —@?, and for the condensates the values used are

as follows: quark cclwdensat(e!)|aq|0)=—(0.25)3 Ge\?,
mixed condensaté0|qo-Gg|0)=0.8(0.25) Ge\®, gluon

0O

(O]

FIG. 2. Diagrams folll,(g?) for the OPE including dimension
5 condensates.
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condensaté0| «,G?|0)=0.038 GeV}, and triple gluon con-
densatd 0|g3fG3|0)=(0.6)°® Ge\P. The convention of Ref.
[7] has been used. In deriving Edd), (5) the quark masses
have been neglected. Also, the strange quark condensate

(0|ss|0) is expected to be about 20% smaller than the
quark condensates, but this difference is neglected as it does
not change our results significantly.

The sum rule method involves equating the dispersion
relation for the correlator to the form obtained from the OPE
expansion, and using a Borel transform to ensure that the
OPE converges rapidly and that the continuum contribution
to the dispersion relation is not too large to find the mass
given by the pole term. For our problem we must take into
account that the\ as well as theA; can contribute to the
correlator given by Egs(1), (2), since theA can have a
(udsg component. Thus the form of the dispersion relation
for the correlator, called the phenomenological side of the
sum rule, is

c c
et Q?) = — L R 2 5— +continuum,
Q°+M3i Q°+Mjy

C MA C MA .
eretQ2)= — 2728 | continuum.

Q*+M3 Q*+M3,
(6)
After the Borel transform, in which th€? variable is re-

placed by the Borel mask?, the phenomenological side
becomes

a2 2 VY- 2 .
H;l)heq(Mz)che MAMZ 1 e MAWM™+ continuum,

_M2/\m2 VY 2
5" M2)=c;M e MM+ c,M e Man/M

+ continuum.

7

The constants,,c, in Eg. (6) contain important information
about the wave function, but can be eliminated in the analy-
sis by using the technique of Rdi8]. The continuum is
approximated by replacing the Borel transform

Boz_m2(Q%INQ?H=—11M2(0+1) 8
by
BQZ_‘M2(Q2|In QZ) =—M 2(1+1)
| 2\n
1S &M o)
n=1 n!
9
wheres, is the threshold? ,, , which is chosen by matching

the phenomenological to the theoretical expression for the
correlator.
The mass of the hybrid is obtained from the expression
_(dIdMA)[TT(M?)eMiM?]
(d/dM?)[ I (M2)eM ™)’

AH= (10
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A. Sum rule analysis decay of theAy into aA and a sigma can be estimated by

The sum rule analysis is essentially identical to that inthe external field methodi22] from the Ay, A two-point
Ref. [8]. The main errors are in the dependence on the confunction in an external sigma field:
tinuum parameter and the uncertainty in the value of the
mixed quark condensate. As shown in the figures in F&if.
the sum rules foll, andII, are quite stable, and the solu- o igx —
tion gives a hybrid mass about 500 MeV above tenass. H(q)AAH_'I e O[T 7 () 74n(0)]5,/0),  (14)
An error of about 15-20% is expected in this mass differ-
ence with this method. Therefore we conclude that
where J, is the sigma current. For example, if one were
investigating the decay into the pion channel, which is a

and that the\ (1600) is our candidate for the lightest strangeforbiddenAy— A decay, the current would h¥ =iqysq.
hybrid, with the quantum numbers of ti(1116). It is also The glueball sigma model leads to the evaluation of the
important to consider the sum rule analysis for g 116).  sigma-gluonic coupling

Using the current

M yy=1600+200 MeV, (1)

7a= €T Cyd° ()] y57,8(¥)°, (12 (G2,3,G4")=g,(G2,GL). (15)

it was shown16] that theA (1116) mass could be obtained

from the two-point correlator . . .
P The sigma-glue coupling constam} was estimated from the

_ - 356 MeV width of the o(77) resonance18] to be g,

HAGO=(0ITL7A 00 70 (0)1]0) 13 =700 MeV. Because of the unknown constants in the sum
within the expected range. For the correct ordering of bary+ule calculation one can predict only ratios of decay widths.
ons, the strange quark condenséiéss|0) should be about For the study of the Roper as a hybrid we were able to
5% less than the normal quark condensate. The value diredict the ratio of the sigma decay width to the pion decay
(0[ss|0) adds uncertainty to our result which has been in-Width. Since the only decay channels that have been mea-
cluded in the estimate of Eq11). It should also be noted sured for theA(1600) areA(1600)—NK and A(1600)
from our study of the Roper as a hybrid that thé¢1600) is — 2, and the single-pior- A channel is not allowed, we
almost a pure hybrid and th®(1116) has little hybrid com- are not able to make a specific prediction here. Noting that
ponent, which makes the sum rule method for finding thethe decay P;,(1440) =N+ (7m) _o o has a 5-10%
lowest state for each independent current more reliable. Obranching fraction, we predict a sizablg,— A + o branch-
the other hand, it also causes a limitation of the sum ruléng fraction. The main background will be the nonresonant
method: since the curren,  couples very weakly to the -7 channels, so that for the sigma channel the QL

A(1116), the correlator defined by, , or the mixedAy-A =0) resonance must be extracted. Also, it would be difficult
correlator cannot be used to check the QCD sum rule metho@ measure the ratio\y—2o/Ay—Za, for which our
for estimating the mass of th&(1116). model could give a prediction, since there is very little phase
space to map out to extract tikeresonance due to the mass
. THE o DECAY OF THE Ay of the. We can make a rough estimate of the partial width

) for the Ay— A + o decay by assuming it is similar to that of
A test of the hybrid nature of tha (1600) follows from  the Roper to the nucleos-channel, which we estimate to be
our glueball or sigma model15,17. In studies of scalar 54_z0 MeV.

hadrons, the mixing of scalar mesons and scalar glueballs |, oncjysion, I believe that a careful experimental study

was found to be important for mesons and glueballs WithOf the A(1600)—Amm, with an analysis to extract the

masses ab(_)ve 1 GeV. Moreover, a light Q'PEb?‘” solution wa igma resonance, could be a valuable test of the hybrid na-
obtained with a mass 300—600 MeV, which is the mass o . .
ure of this resonance. There have been no experiments on

the broad =0, L =0 resonance found in an analysis of A(1600) decays for the past 20 years, and this resonance is

-7 scattering[18], which we call the sigma. If higher di- lent didate f " hvbrid b
mensional condensates are dropped the light glueball is Gt Excellent candidate for a strange hybrid baryon.

found, as in quenched lattice calculations. This leads to our
glueball or sigma model, a model based on a coupled chan-

nel picture with the glueball pole driving the-7 resonance, ACKNOWLEDGMENT
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