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Baryon Resonance in X.o — BBMM Decays”
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Abstract The exclusive decays of Xco into multi-body BBMM(B:baryon, M:meson) are investigated based

on the SU(3) symmetry. The transitional amplitudes of x.o — BB — BBMM are given in terms of the

isospin coupling constant. Based on these amplitudes, it is found that N* resonances make a relatively large

contribution to the xco — NN77r, which might serve as a channel to study N* resonance in data analysis.
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1 Introduction

Decays of the P-wave charmonia have continu-
ously attracted interest of both the theoretical and

~7. The earliest theoretical

experimental experts[1
treatment on the exclusive charmonium decays into
light hadrons was carried out by Lepage and Brodsky
in the framework of perturbative QCD'. They pre-
dicted the angular distribution and the decay widths
based on the assumption that the mass of light quark
and gluon can be neglected. The theoretical analy-
sis predicted that the decays x.o — BB(B:baryon) are

forbidden by the “helicity selection rule”™

. However,
the experimental values for these kinds of exclusive
decays do not vanish within the experimental error,
for example, the branching ratios for X., — pp, AA
are at the order 10~

Nowadays, there is a renewed interest in study-
ing the P-wave charmonium decay mechanism, not
only due to the theoretical inconsistence mentioned
above, but also due to the recent progress in exper-
imental measurements on x.; exclusive decays from

BES collaboration™ ®.

tions of the two-body exclusive decay widths devi-

It seems that some calcula-

ate obviously from the measured values, for example,
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the theory based on the color octet mechanism!” pre-
dicted that I'(xe; — AA)/I'(Xe1 — pp) = 0.6, which
is smaller than the experimental value of 3.6 +1.4
by about 20. To understand the P-wave charmo-
nium decay mechanism, the comparison between the
theoretical predication and experimental values are
expected. In this work, the exclusive decays of X
into baryon antibaryon plus two mesons BBMM are
investigated based on SU(3) symmetry. The results
serves as a reference for the experimental experts to

investigate the 4-charged particle decays of the X.-

2 SU(3) constraints

We focus on the investigation of the contribution
from the excited baryon in the multi-body decays of
the Xco to BBMM. The decays are assumed via the
chain X, — B*B* — BBMM, where B* is the in-
termediate state, an excited octet sector baryon or
decuple sector baryon. The relative decay strengths
to different final states may be got from the Clebsch-
Gordan(CG) coefficients.

We start with SU(4) group representations,

mesons are assigned to the adjoint representation 15,
+

1
and the J¥ = 3 baryons are assigned to the repre-
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3t are expressed by:
sentation 20’. The J* = 3 isobars are placed in 20, P Y
N*N* AATTR 12
which contains a decuplet with the C-quantum num- _ _
) ] (8] DIV YYmm 1 2
ber C=0. The CG coeflicients are available from ™. _ — _ =— (3)
_ A* A~ YYnmn 1519
For x.o — B*B* decays they are expressed by: I . 5
= ==

Xes — (BgB§, B By, BioB:, BiBly) =
(_1/\/57 V 5/147070)7 (1)

where B and Bj, denote excited octet sector baryons
and decuple sector baryons, respectively.

The SU(3) CG coefficients for decays BiB; —
BsBsMM are expressed by:

N*N* NN7r NN £EKK AAKK
)bV NNKK XXnn AAnn
—_ — — — — — ==
A*A* NNKK XY AAnm
Shich SYKK AAKK E=nn
9191 333 3
1 6 0 4 1 280
and — , (2)
20 2124 12 600
919 _ 333 _
BgBg B, B/

where the two parts correspond to the contribu-
tions from the two baryonic SU(3) representations
8 and 8§, and KT = (KT,K%), nT = (n",n°, ),
KT = (K° —K~), NT = (p,n), ¥7 = (X+,2° %) and

2T = (20,2°).

[

The CG coefficients for decays BB — B1oB1,MM

Table 1.

The CG coefficients for decays B B, — BsBsMM

are expressed by:

A*A* NNt TEKK 66
5 | = | NNKK IXnm AAnr =T 2231,
Shch YYKK AAKK ZZnm 333

and the CG coefficients for decays B:,Bi, —
BioB1oMM are expressed by:

A*A* AATTT . 15

AN N I . 5
b)) ? — E%hm 51 8 (5)
=re* =S 3

The Yukawa coupling strength can be expressed
in terms of the CG coefficients as listed above. For
example, if we assume an interaction Lagrangian of
the type

Line=goBT™BM

for .o — BB decays, one gets the strength —1/v/2g,
and 1/5/14g, for x.o decays into BgBs and BB, re-
spectively. Table 1 summarizes the isospin coupling

constants involved.

Isospin coupling constants, where g1 and ¢} are constants for Bs — BgM decays, and g2,93 and g4

are constants for Bs — B1oM,B1o — BsM and Big — B1oM decays, respectively.

Xco — BgBg: — %90

= 5
Xco — BIOBloi\/ﬁgo

channels - - \[ — — — = —
B;B; — BsBsMM B;B; — B1oB1oMM B},B}, — BsBsMM B},B%, — BioB1oMM
NN — NN7 2% g+ 1—329/12 AA — NN 1% g2
$F — NNKK Q%gf + %9'12 12—257%
AA — NNKK %g% + %9'12
NN — NNnn %Q%Jr%gP
o5 — AAnn % & % o
NN — AAKK 2% g+ 1—329’12
EZ — AAKK 2%9? + 1%9’12 %!ﬁ
AA — AAMM %9%
DI I 3) 71014 %912 %g% 1%9% %gi
AN - XEmm %g% 1%9%
22— NTKK D+ Lo L3
EE - ESnn %g%-ﬁ-%g? %g% %gé %gi
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3 Baryon resonance contribution

The baryonic resonances are described with the

non-relativistic Breit-Wigner, i.e.

I'Br
BW=————— 6
Vs—M+il'/2’ (6)

where I' and M are the resonance decay width and
mass, and /s is the invariant mass of decayed parti-
cles. For a specific decay mode, the coupling strength
of the mother particle with the decayed particle is
absorbed in the branching ratio Br. Then the tran-

sitional amplitude can be constructed in terms of |

isospin constants as follows:

For X.o — NNnm:

1
M=——gyXx
\/590
Z FlBTZ %
(/51— My, +111/2)(y/53 — My, +11,/2)

9 , 3 , 5
(2091 12 1)"'\/;9@(
I;Br; 6
Z(\ﬁ My, +111/2)(\/52— M, +i1,/2) 2%
(7)

where the sum runs over baryon resonances over their

production thresholds.
For X.o — NNKK:

I';Br;

M= -

1 6 2 .,
ﬂg°{z(f My, +113/2)(v/52 — My, +1r/2)( 4 121)+

I';Br; 2 6 5
D oYY W +1p/2>< RNt )}+
I;Br; 2
\/;gozi:(@—waﬂr/Q)(\ﬁ My, +il}/2) 2% ®)

where the Xg; and X,; denote the sum running over the octet and decuplet X' resonances, respectively.

For .o — NNnn:

1 IBr, 1 3
—ﬁ%z(\r My, +10,/2)(v/5 — My, +1r/2)( ASEY 1>' Y
For Xco — AATT:
1 IBr, 4
M=— goz(\ﬁ My, +101/2)(y/53 — M, +i1,/2) 309+
I;Br; 6 ,
\/>gOZ (V51— My, +1L,/2) (/55 — My, +i1,/2) 12 "
For Xco — AAKK:
1 I;Br; I,Br;
Mﬂg°{z(f My, +11/2)(v/3: = My, +iI,/2) Z(\F = HiL/2)(/5 = M usﬁifi/?)}x
1 I,Br; 3 5
<20 gl) \r ) T o= By AT o~ Wz T3 12 "
For X. — AANM:
1 I,Br; 4
M:_EQOZ(\F My, +iI5/2) (/52 — M4, +iI7/2) 20 791 )

For Xco — g LgTIT:

I';Br; 8

1
M:‘ﬂ‘%{zuﬁ Mo, 11T /2) (5~ Mo, 11772) 1290

FiBT,'

12,
zi:(\/E—MAi i1/2)(\/52— My, +iI,/2) 207! }+
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T4 — 13
V14g°Z( 51— My +i63/2) (/52— My, +il3/2) 1273 (13)
i 10i 10i
For Xco — 10 2107T7T:
1 I;Br; 2
M = - /2+
ﬂg°{z<f My, +11,/2) (/53 — My, +11,/2) 157
Z I;Br; g n
(Vo =M, 10, 2) (55— My, +11,72) 15%
I';Br; 8 ,
\/ 71 - - —g;- 14
14902:(\/Q—MEW—HE-/Q)(\/Q—MEW+1Fi/2) 2494 (14)
For X0 — IXKK:
1 I,Br; 9 3,
= — +
VoL DY Wt VST Wl _&m/z)( gt g9 )
I;Br; 3,
T4 — 1
\/;go; (/31— Mz, +il/2)(/32 — M=,,, +iI}/2) 127 (15)
FOI“ Xco — ESEBT[T[:
_ 1 Z FB’I" 9 2 3 /2 +
(V51— Mz, +i17/2) (/52 — Mz, +iI3/2) 12 91
I;Br; 3,
— 16
\/>QOZ \/> Mz, +1F/2)(f oo Til/2) 1293 (16)
For X0 — E 1021077
1 I;Br; 3
M = 2
Z(W Mey, +11,/2) (/53— M=y, +113/2) 157
I;Br; 3,
— 17
\/79OZ (/51— M=, +i11/2)(\/s5— M=, +iI,/2) 2474 (17)

The partial decay width for .o — BBMM can be | meson). Under the SU(3) symmetry and the flavor

expressed by:

(2m0)*
dr=_=

Xco

| M[*d¢, (18)

where d¢, is an element of standard 4-body phase

space.

4 Summary and discussion

We mainly focus on the investigation of the bary-
onic contributions to x. — BBMM decays with the
SU(3) constraints. It should be pointed out that the
experimental results on these decays include not only
the contribution of intermediate baryonic resonances,
but also the contributions from other decay mecha-
nisms, for instance, ., — BBV — BBMM/(V:vector

1) For example, with the g-order chiral Lagrangian LM = 12

tional to Fp

singlet assumption, the decay rate among the isobar
multiplet is loosely constrained. For example, the ra-
tio I'(xeo — PPt ) /I (Xeo — pOTTT®) = 2 is easily
got from the isospin CG coefficients (pprtt 7~ |NN) =
—2/3 and (partn°|[NN) = —/2/3. Taking symmetric
constraints into consideration, for example, the chiral
symmetry, one finds that the decay X, — nprtn® is
highly suppressed"). Based on the well known baryon
resonances, one finds that N* and A resonances make
a large contribution to the decay x.o — BB — NN
For an illumination of this point, we make a numer-
ical evaluation of the decay rates with the following
well established baryon resonances:
N(1440), N(1535),
N(1700), N(1675),

Octet members:
N(1650), N(1680),

N(1520),
N(1710),

Tr(B[[d),ao #], B]), the amplitude of xco — nprtn® is propor-

— By, where, Ep and Ey, are the proton and nucleon energy
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N(1720),
A(1690);
Decuplet members: A(1232), A(1620), A(1700),
¥(1385), E(1530).
Inputting the PDG values of the above reso-

$(1660), %(1670), A(1600), A(1670),

nances with a naive assumption go = ¢ = ¢, =
g3 = 1, one gets I'(pprtm) I'(ppK*tK™)

T(ppm) : D(AA7r7) : T(AAKTK™) : I'(AAmm) -
rEtE-mtn ) M(EHE-KYKT) i N(E =2 nfn) =
1:20x107%:1.6x107%:42x107*: 1.1 x107* :
1.8x107°:1.3x1072:2.3x 1078 : 7.5 x 1073, This

result shows that the baryonic contribution to the de-
cays of hyperon pair production is much smaller than
that to NN77rr decays.

To summarize, the contributions of baryonic reso-
nances in X.o — BBMM decays are investigated based
on the SU(3) symmetry constraints. The transitional

amplitudes are given in terms of the isospin constants.

The authors thank Dr. Shen Cheng-Ping for use-

ful comments and discussion.

References

Kopke L, Wermes N. Phys. Rep., 1989, 174: 67

Lepage G P, Brodsky S J. Phys. Rev., 1980, D22: 2157
Brodsky S J, Lepage G P. Phys. Rev., 1981, D24: 2848
Eidelman S et al(Particle Data Group). Phys. Lett., 2004,
B592: 59

5 BAI J Z et al(BES Collabration). Phys. Rev., 2003, D67:

B W N =

112001-1

6 Ablikim M et al(BES Collabration). Phys. Lett., 2005,
B630: 21

7 Wong S M H. Eur. Phys. J., 2000, C14: 643; PING R G,
ZOU B S, Chiang H C. Eur. Phys. J., 2005, A23: 129

8 de Swart J J. Rev. Mod. Phys., 1963, 35: 916; Rabl V et
al. J. Math. Phys., 1975, 16: 2494

Xco — BBMM R T B E FHIRE

PR

(P RREBE B AEBERT IO ALt

36 KAE

100049)

E AT SUQG)AAEAR T Xeo IRE Z KT K X0 — BBMM (B: EF, M: AT ), 3 [F 4L i & 2 Al
# 7 Xeo — BB — BBMM X & #y BT #R1E. 2 T X 2 BRAEHRIE, K ILN" L3R A X xeo — BB i STk AE X BK,

AT 8 ] DAE SE By E R RAT 5 N LR A

KEI xo XER ETHERS

2005 — 12 - 08 Yefid, 2006 — 03 — 01 W&t
* [ 5 H ARRL 34 (10447130, 10375074, 10491303) % )
1) E-mail: pingrg@mail.ihep.ac.cn



