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N-pole Effect in Studying N* via J/W—NNM Decays’
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Abstract; N-pole contributions, especially due to off-shell effect, in J/¥— NNM decays are care-
fully studied. It is found that the decay width is sensitive to the form factor. The N-pole contribu-

tion as a background is important in the J/¥—NNn decay, ignorable in the J/¥—NN7 and NNy

decays, and sizable in the J/¥—NNuw decay.
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The nucleon spectrum provides us necessary

information for revealing the structure of
nucleon™, So far, most information on nucleon
and its excited states comes from nN elastic and in-
elastic scattering data.

Up to now, many nucleon resonances have
been found. Yet, still some theoretical predicted
N* states have not been seen in the nN channel.
Whether these so-called “missing resonances” cou-
ple weakly to the ®N channel so that we should
propose other means to search them? Or, if the
quark model predicts too many resonances so that
the model itself should further be modified? Or,
there may exist the hybrid structure or the diquark
structure? All these puzzles motivate intensive in-
vestigations in both experimental side and the theo-
retical sidet®,

In recent years, 58 million J/¥ events at
BEPC provide an excellent source to study light
baryon resonances via a two-stepprocess J/¥ —
N* N— MNN with many advantages™ . The corre-
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sponding Feynman diagrams are shown in Fig. 1.
It is clear that the nucleon-pole diagrams, namely,
the intermediate state is nucleon, would also con-

tribute as a background in such a N* study™!,

N

Fig. 1 N" -pole diagrams for J/¥— MNN decay.

Pion as a pseudoscalar meson is studied in the
J/¥—NNM;s process in the first step. Generally,

the J/¥—NN interaction can be written as

Hy = N[Fu 7+ % Folp— )] Nen(Py) .

QY]

Two forms of pion-nucleon interaction
Hl = igNNl N 75 T N’t, (PS‘PS)

and
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%n gxeN 75 7.7 No*z, (PS-PV) (2)
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are widely employed in literaturest?. It can easily
be proved that when the intermediate nucleon is
on-shell, the decay amplitudes in the PS-PS and
PS-PV coupling cases are exactly the same, while
the intermediate nucleon goes to off-shell, the de-
cay amplitude in the PS-PS coupling case still re-
mains the same as that in the on-shell case A5, but

has additional terms in the PS-PV coupling case

Ml = EN=E (Y (p— pI*E, Viu(p') +

2m

Mps = Mpy , 3

namely, the decay amplitude would receive contri-
butions not only from the on-shell intermediate nu-
cleon, but also from the off-shell one. Our numeri-
cal results show that if one takes | Fol/| Fu | =
0.12, the branching ratio (BR) of I'(J/¥—ppn®)/
'(J/¥—>pp)is 0. 563 in the PS-PS case and 0. 529
in the PS-PV case. They are very close to the em-
pirical value of 0. 5140, 04057,

However, the nucleon has inner quark-gluon
structure. Due to difficulties in dealing with non-
perturbative QCD (NPQCD) effects,

form factor is commonly adopted at the meson-bar-

hadronic

yon-baryon (MBB') vertex phenomenologically.

The most commonly used form factors for

meson-nucleon-nucleon vertex arel®,
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Then, one can easily derive the decay amplitude in
the PS-PS and PS-PV coupling cases,
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respectively. The resultant BRs are shown in Ta-
ble 1. It is seen that the difference between ey (J/

¥— ppn®) and I'es (J/¥— ppn°) is generally larger

Table 1  The BR of I'(1/¥— pp=")/I{1/¥— pp } (%) with various form factors.
F.F. =N coupling A=0.65 GeV A=1.0 GeV A=1.5GeV A=2,0GeV

F PS 3.95(3.73~4.18) 6. 81(6.45~7.20) 12.69(12.05~13.38) 19, 35(18. 40~20.37)
PV 2.79(2.77~2.82) 5.04(5.01~5.07) 9.96(9.91~9.98) 15. 89(15. 83~15.91)

F PS 0. 34(0. 32~0.37D) 1.23(1.15~1.31) 7.21(6.82~17.64) 19.64(18. 66~20.71)
PV 0. 20(0.19~0. 2D 0.76(0.75~0.78) 5.07(5.02~5,11) 15, 50(15. 45~15, 53)

F3 PS 0. 07(0.06~0.07) 1.09(1.02~1.16) 5.83(5.51~6.18) 13.29(12,61~14.02)
PV 0. 04(0. 03 ~0.04) 0. 66(0. 64~0, 68) 4,07(4.03~4.10) 10. 23(10. 18~10. 25)

Fu PS 0. 23(0. 22~0. 25) 3.35(3.15~3.58) 15.03(14. 23~15. 89) 29, 70(29, 68~31. 26)
PV 0.13(0.12~0.13) 2.08(2.04~2.140) 10.98(10. 92~11.04) 24. 30(24,23~24. 31)

Fs PS 2.39(2.25~2.54) 10. 25(9. 71~10. 83) 23.91(22.75~25.16)  34.01(32, 40~35.72)
PV 2. 33(2.16~2.81) 9.28(9.37~9.33) 21.98(22.12~21.85) 31.57(31.63~31. 44)
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than that in the without form factor case. This in-
dicates that introducing a form factor would sup-
press the contribution at the large momentum
transfer region, and consequently, would reduce
the N-pole contribution. The numerical results also
show that the BRs with different form factor and
same A value are quite different. In general, a lar-
ger A value would result in a smaller BR, but large
BR difference between the PS-PS and PS-PV cases.
Moreover, for a specific form of form factor, the
BR becomes larger when a larger value of A is
taken. However, if one employs a form factor
whose momentum dependence is similar to that in
the J/¥— NN case and whose A value has well
been determined by the n-N scattering or the pion
photoproductiont”, the resultant BR is in the
range of 0. 08 —0. 097, which still present a visible
difference,.

The corresponding BRs for I' (J/¥— pp7) /
r{J/¥- pp) and I'(J/¥— ppn) / I'J/¥—> pp)
with no form factors considered are generally in the
range of 107*—107%, If the form factor is consid-
ered, the resultant BR would be a few orders smal-
ler. Comparing with the empirical data of I'(J/ ¥—
ppn) / I'(J/¥— pp) = 0.98 £0.09 and I'(J/¥—>
pp1) / I'(J/¥— pp) = 0.42 £0.19%!, one finds
that the calculated BRs are all smaller than 0. 1%
of the data,
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If M is a vector meson, say w, due to relative
weaker tensor coupling, we only keep the vector

coupling in the J/¥ — ppw calculation
Hown = 8o N@ Y N(Dw. () . (6)

Then, the decay amplitude of J/¥ — ppw with

form factor reads

M= gwpp’*_‘(P’ s) e
{FM[%}{ F(¢) ¢ —
ZP’ cet+ ¥ da, 2
A ravyeilal

—F—"[(P" o2pcetd W
m

TEN S (@) +

. ZP’ cet+ ¥ dra, r
(p €) WF (q )]} v(p, s) . (D
Comparing with the BR data of 0. 61 +0. 12 in
PDG!Y!, we find that the resultant BRs are general-
ly less than 10% of the data.

As a conclusion, in studying N* via J/¥ —

0

decay, the N-pole contribution is about

ppT™
10%—20% of the data, so that the N-pole diagram
contribution must be accounted. In the J/¥—>pp7n
and ppn’ processes, the proton-pole contribution is
tiny compared with the data, so can safely be ig-
nored. In the J/¥ — ppe decay, the proton-pole
contribution is less than 10% of the data, thus the
N-pole contribution should carefully be considered

in extracting N° properties,
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Study on Roper Structure as Hybrid from J/W Decays*
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Abstract. The structure of Roper resonance is studied as hybrid states through decays J/¥—»pN*, N*N*
by calculating the angular distributions and decay widths. The results show that the angular distribution
parameters for decays J/¥—pN"*, N* N* are almost equal if the Roper is identified as a pure hybrid state,
while their decay width are less the 1% of that for the decay J/¥—>pp, and the variance of the ratio I'(J/¥
—N"p)/I'(J/¥—>pp) and I'(J/¥—N"*N*)/ I'(J/¥—>pp) with the mixing parameter are presented, and
also the scheme to identify the Roper structure in J/¥ decays is discussed.
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