Proceedings of the DAE-BRNS Symp. on Nucl. Phys. 60 (2015)

Semi-leptonic and pionic decays of Doubly Strange
baryons

N R Soni*

and J N Pandya

Applied Physics Department, Faculty of Technology and Engineering,

The M S University of Baroda,

Introduction

The doubly strange b-baryon (2, was re-
ported by DO [1] and CDF [2] Collabora-
tion through the channel 2, — JApN~ at
v1.96 TeV. Doubly strange c-baryon (28 was
observed by E687 [3] significantly in the chan-
nel of 2 — STK~ K~ n" and later was con-
firmed by other groups [4]. We employ the ex-
tended harmonic confinement model in order
to understand semi leptonic and pionic decay
modes of these states to compute their masses
and decay widths.

Methodology

The mass of baryon in the N energy eigen-
state and J spin state can be computed as[5]

qz conf + Z QuQJ coul
1<j=1
3
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+ Z en(4i95)s.p. (1)

where the first term is the confinement part,
second term is due to the Coulomb interaction
between the constituent quarks and the third
term corresponds to the spin-dependent inter-
actions.

The confinement energy of the baryonic sys-
tem is given by [6],

3M,

q

(2N +3)Qy(q) + Mg — —
S M,
i=1

6(Q)conf =

*Electronic address: nakulphy@gmail.com

Vadodara, Gujarat, INDIA.

where the size parameter, Qpy(q) of RHM ra-
dial wave function is energy dependent and is

given by
Qn(q) = A/ En + M, (2)

M, is the constituent quark mass. The

Coulomb of eq. 1 can be computed as

NS> (3)

where aif T is the strong running coupling co-
efficient. The spin-spin interaction is com-
puted using the spin hyperfine interaction of
the residual confined one gluon exchange po-
tential [5-9]
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where N;/; is the normalization constant, C' is
the confinement strength of the gluon, r is the
inter-quark distance, \;); is the spin factor,
D,(r) is the confined gluon propagator and
can be fitted to ~ %exp(—CQTZ/Q) [7, 8.

X (8 4j)s.p. = (NS|Vgp|NS) (4)

Here we have used m; = 4829 MeV, m, =
1479 MeV and m, = 410 MeV. The poten-
tial parameters k, k; and C are fine tuned
to obtain the experimental mass of {27. The

parameters used in this computation are k =
0.006, k; = 21.36 and C' = 100 MeV.
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Decay of Doubly strange baryons

In this section we compute the decay of (22
and {2 baryon. The general definition for the
semi-electronic decay width is given by [10]
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where P(w) contains the hadronic and lep-
tonic tensor. After evaluating the integration
over w = 1 in the hadronic form factors one
will get the following relation for the decay
width for electronic (1/2)" — (1/2)" transi-
tion [10]
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o= IVerml

I 3
c/b /b €V 157

(M —m)” (6)

where G is the Fermi coupling constant. The
pionic decay width using the transition ampli-
tude is computed using [10]

3
_ (AM): -
0y -3 T 1927TM7|A((SS)1 — (us)om )|

here AM = [M?*—(m—m.)*][M?—(m+m.,)?]
and the weak di-quark decay amplitude can be
approximated with |a,..x| ~ (1...2) x 107% as
[10]

A((Ss)l — (US)OT(-_) ~ 2]\J‘/us‘/vjcl(]/lz)etl,lc

Where V,,, and V,,; are the CKM matrices.
We compute the semi-leptonic and pionic de-
cay widths of (22 and 2, without any addi-
tional parameters and the results are given in
the table II.

Conclusion

The ground state masses of QS and {2, are
computed using the methodology explained in
the first section and compared with the ex-
perimental data. We also compute the semi-
leptonic and pionic decay widths of 92 and
£2, . It is observed from table II that our re-
sults are well within the range as proposed by
[10].
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TABLE I: ground state masses in MeV

State |quark content | present [11]
Q(C) css 2694.63|2695.2 £ 1.7
2, bss 6049.58 [6048.8 + 3.2

TABLE II: baryonic decay widths in GeV'

mode of decay present [10]
Q0 5 ETe 7 [905x107° | 26x107 "
20 5 =Ter]365x107" | 3.63x107"°
Q) = 5 71617 x 107" 4.05 x 107'®
2, = 2y (093 %107 (0.7..2.6) x 10 '®
Q, = 5,77 1091 x107"° [(0.3..1.3) x 107**
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