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SU(4) breaking for semileptonic decays of charmed baryons
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The effects of SU(4) breaking are studied in connection with the semileptonic decays and magnetic
moments of the baryons with charm + 1. Substantial suppression factors are predicted for the decay in
which the final baryon belongs to the decimet. The consequences of a vanishing magnetic moment for the

charmed quark are studied in detail.

I. INTRODUCTION

The existence of a fourth quark characterized by
a new quantum number, “charm”, which was in-
troduced on theoretical grounds,' has found ex-
perimental support inthe discovery of the puzzling
I/ particle2 and of other charmonium-like states.
Since 1974, it has been confirmed by several ex-
periments on neutrino interactions® where dilepton
production is commonly viewed as indirect evi-
dence for the production of charmed particles
which subsequently decay in a semileptonic way,
and by the discovery of charmed mesons.* Finally,
the peaks which have been observed at 2250 and
2500 MeV/c? in the effective-mass distribution of
A(3m) and A(4m), respectively, in photoproduction
at Fermilab® have been interpreted as charmed
antibaryons.®

The existence of charmed baryons stable under
strong and electromagnetic interactions is indeed
expected from the theoretical values’ of their
masses and the measured masses’ of the already
discovered charmed mesons.

The purpose of this paper is the evaluation of the
semileptonic decay rates and the magnetic mo-
ments of the baryons with charm +1 which are
expected to decay weakly. The effects of SU(4)-
symmetry breaking, already described® in the
framework of the transformation from constituent
to current quarks,®'® are rather large. Therefore
our predictions will differ from the ones obtained
in the symmetry limit, 1112

The expressions for the weak charges and the
magnetic-moment operators will be written in Sec.
II. Then the predictions for the semileptonic de-
cays and the magnetic moments of the baryons
with charm +1 will be derived in Sec. IIL

II. THE WEAK CHARGES AND MAGNETIC-MOMENT
OPERATORS

The vector and axial-vector charges are obtained
from the corresponding SU(8) generators with the
unitary transformation®!° which connects consti-
tuent to current quarks; the unitary operator V
applied to the quarks in the ground state trans-
form them according to®

V| g}, ground state)= cosé, | ¢!, ground state)
+Sin94 | qi‘ ’Lz =+1> s

(2.1)
V |q}, ground state)=cosf, |g}, ground state)

+sind, |q} ,L,=-1),

where 6; depends on the flavor index ¢ and the
|L,=+ 1) state is the same for all the quarks.

As a consequence, the matrix elements of the vec-
tor and axial-vector charges between the states of
the 63 and 120 representations of SU(8) are re-
normalized with respect to the corresponding gen-
erators by the factor cos(6; ¥ ;) in which the upper
(lower) sign holds for the vector (axial)charge.
The parameters 0p = 6% and 6, are obtained'®
from the semileptonic decays of the ordinary (non-
charmed) baryons

Op,= O, = 20°, 0, =28°. (2.2)

To determine 6, , one assumes also that for the
charmed states the magnetic-moment matrix ele-
ments are proportional to the ones of the cor-
responding axial charge. This property holds
rather well for ordinary baryons. Indeed from
(2.2) this hypothesis implies the following expres-
sion for the magnetic moment of the 35 and 56
states of SU(6): o o
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TABLE I. Magnetic moments and transition magnetic moments for baryons [In brackets,
the predictions of unbroken SU(4) are reported].

Theory Experiment
Ky =p.0c052900=2.79 2.79
7 =u 0(—?;-) 0052600=—1.86 -1.91
pet =nok@ cos20p + cos26) ) =2.71(2.79) 2.62+0.41
B0 =Hok(2 cos20p +cos26) ) =0.84(0.93)
Bp-  =Ho¥(-4c0s20p +c0820, )=—1.01(-0.93) —1.48+0.37
B =Ho—%) cos20)  =~0.68(-0.93) —0.67+0.06
U z0 :uo(—‘})(cos29@o+2 cos20y ) =—1.52(~1.86)
Bz =pok(cos20p — 40820, ) =—0.59(-0.93) -1.85+0.75
Bp0 =po(—%)@2 c0820) , + 0826, ) =—0.91(~1.86)
Bep  TH oﬁ‘cosze%:oa.se)
Lt =p 0§"c032900=0(1.86)
U400 =H 0.7;-00529CO=0(1.86)

815

1
Ilc;c: =Ko <—'—‘/?> 00526(90 =1.62

w A+S+ =u 0<_

1
—== ) (2cos20p + cos20, )=-1.45(-1.62)
33 0 0

M o4050=p 0(—%) (cos280>0 - 00529)\0) =0.14(0).

B=p, (35, - 355, - 22 §,]. (2.3)

A comparison of Eq. (2
formed in Table 1L

.3) w1th experiment is per-

For the hadrons containing charmed quarks, Eq.

(2. 3) should be generalized by adding the term
Ky (3) (cos26, /cos260 5 )5, . A measure of cos26,
can be obtamed by considering the decay rate
¥, =N, +7; assuming m, =2800 MeV one finds*

=887 —°—°°S 29 wev

L@, =, +'Y)- o Hve k= 229

Since I'ygyn; (9,)=67+12 keV and the channel .Y
has a small branching ratio,'* we conclude that

6,,=45°. (2.4)

A confirmation that the contribution of the
charmed quarks to the hadronic magnetic moment
is negligible may be achieved from the measured
branching ratio'®

[(D*~D+y)/T(D*°~D°+7°)=1.0+0.3.
With mpxo=2005 MeV and mpo= 1867 MeV one

finds

20¢, \2
L(D*°~ D%+ ) = €082V s
( +7)=24 1 +(c052900 keV,

while

T(D* =D+ 1% = cos22¢9,,,O

1 3
24nF, 2 1%.m.
=15.4keV.
A further check on this hypothesis could be ob-
tained from the study of the D** decays. In fact,
one obtains

0 2
I(D** =~ D* +y)=6 1_g Cos26e, keV ,
cos28p

compared to the rate
I'(D** - D+7)=54.8 keV

obtained with mp*+=2010 MeV and m .= 1872 MeV.
Of course, the pionic rates depend critically on the
masses of the charmed mesons.

From (2.2) and (2.4) one can get the following
expression for the effective weak current of the
constituent quarks, in the ground state, involving
the charmed quark:

€07 u[c0SBcapibno (0.96-0.297 )1,
—sinec,bibbo(o.gl —042’}’5)9(0] , (25)

where the Glashow-Iliopoulous-Maiani (GIM)
form! has been taken for the weak Lagrangian.
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III. PREDICTIONS FOR SEMILEPTONIC DECAYS
OF CHARMED +1 BARYON STATES

According to Reference 7, the C=1 baryons,
stable under strong and electromagnetic inter-
actions, are the isospin singlet of the 6 represen-
tation of SU(3), T° (with quark content CA\) and
all the states of the 3, the isospin singlet Cg(cpn),
and the doublet A"° (cA® or ¢A). The states of the
3 are not coupled by the charm-changing currents,
which behave as a 3 representation of SU(3), to the
$" decouplet (3®3=1@8). Their AS =1 and AS

=0 decays are, respectively,

CI—A }

A0 = 0

From (2.5) one finds the corresponding values of

Cy=n

+e*+v, and A"~ A

+
+e’+uy, .

Ao,o‘zo'.

the weak-charge matrix elements

1/2
—(A Qg IC;>=+(§) (20 |Querirs | Av0)
=0.96 (0.29) (3.1a)

for the AS =1 transitions, and
) 1/2 . . P) 1/2 - .
(2)" (nl@usms o= (2)" o asne |ao

2 (z0|Qy | 4")

V3
=-2(A Qi |an)
=0.91 (0.42) (3.1b)

for the AS =0 transitions. We put into brackets the
renormalization factors corresponding to the
axial-vector charges Q™*#™*1) The proportion-
ality between the vector and axial-vector charge
matrix elements is a consequence of the fact that
in the g, the ordinary-quark spins couple to zero,

TABLE II. Semileptonic decay widths and partial lifetimes for charmed ‘F baryons into 4;
and §-+ noncharmed states. We neglected the weak-magnetism contributions to the rates since
we expect them to be depressed by the factors cos(d, +6p)/cos26p and cos(f, +6y)/cos26p. In
parentheses are the predictions without symmetry breaking.

Decaying Baryons in Cabibbo Decay width Partial lifetime Buras’ partial
baryons final state factor (MeV) (sec) lifetime (sec)
Cy A cosf 0.63 x10710 8.5x 10712 5x10712_3x 1014
(2200 MeV) (1.48 x10719
n sino 0.14 x10710
0.29 x10719
A" A° sing 0.03 x10710 5.5x 10712 10711_3x 1074
(2420 MeV) (0.064x10719)
z? sing 0.07 x10710
(0.14 x10719
N cosf 1.1 x10710
(2.67 <1071
A° = sind 0.14 x10710 5.3x 10712 10711_3x10714
(2420 MeV) (0.28 x10719
o cosf 1.1 x10710
(2.67 x10710)
T° oN sing 0.11 x1071 13 x 10712 10713_10713
(2680 MeV) (0.15 x10719
Q- cosé 0.36 x1071
(2.66 x1071
ol sind 0.036x 10710

(0.12

x 10719
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and the total spin coincides with the spin of the
charmed quark. Therefore the action of the SU(8)
generators corresponding to the vector and axial
charges is the same. However, the renormaliza-
tion factors are different.

For the T° particle, one expects the following
semileptonic decays:

T - Q"
TO= 2" S+e* +v, ,
T°-E*
and the relevant matrix elements are
2 1/2
(@ | Qi | 7°)=_2(§) X 0.29,
V2
m*e |plivirz oy o Y4
(E*|Qu+irz | 0= _2 5~ % 0.42, (3.2)

(27 | Q12| T% = - 5 x0.42,

(=" ]Qéhuz ‘T°)= 0.91
The rates derived from (3.1) and (3.2) are written
in Table IIL

To get the decay rates for the z* =z*+e* +v,,
we used the formula

G*C? 1 A F2+A 2
FA—'B+e++ve='38'_4',”_3' MF( Ty + zFA) (33)

where C is the Cabibbo factor, F, and F, the ma-
trix elements of the vector and axial-vector
charges, respectively, and the A; are given by

2 2[(87 - 8)(2%= 5)]M*
(1 -s/m*?)?

X (£2+2s)(a% - s)ds,

_ A2 2[(A2._s)(22—s)]1/2
Az"'[; (1_s/m*2)2

X (A% +28)(2% ~s)ds,

A=
(o]

(3.4)

where A=M ,—-My, Z=M,+Mp, and m* is the
mass of the charmed vector meson (i.e., F* and
D* for AS =1 and AS =0 transitions, respectively),
and the lepton mass has been neglected.

In the limit A <Z m* (which is the case for the
semileptonic decays of noncharmed baryons) one
obtains

A,=34,= 1 A%5°%,

However, for the charmed baryons the above in-
equalities are not well satisfied since a~zm*
~1 5. SotheA, and A, given by (3.4) are larger
by a factor ~1.25 for AS =1 decays and ~1.4 for
AS =0 ones.

A similar, albeit more complicated, expression
holds for the * ~3* decays.™

Let us conclude this section with some discussion
about the magnetic moments. From Egs. (2.3)
and (2.4), one deduced that the states of the 3
have no magnetic moment (the only quark with
nonvanishing spin projection of the hadron spin is
the charmed one), while the symmetry predic-
tion is % K, for all of them.

As for the transition magnetic moments, the
only ones which can be measured indirectly while
evaluating the branching ratio of the radiative de-
cay with respect to the pionic one are Betet and
Hs*1?4"*°, which does not change (K¢tc?), or
changes very little (kg ,) from the symmetry
value,'” ¢f. Table L

IV. CONCLUSION

The effect of symmetry breaking is such that it
reduces by a factor 2.5 (2) the Cabibbo-favored
(-disfavored) AS =1 (=0) decays of the charmed
states of the 3. This changes slightly the branching
ratios into the different channels, with respect to
the predictions of SU(4).!* A stronger effect con-
cerns the T° decays, where the Z° final state is
expected to occur rather frequently (22% instead:
of 5%). Also the spectrum of the baryon final state
is predicted to be different with respect to the sym-
metry limit: The dominance of the vector-current
contribution implies a larger amount of energy
transfer to the final baryon.

Should the pattern proposed here for the re-
normalization of the weak charm-changing charges
be confirmed by experiment, rather interesting
implications would arise concerning the trans-
formation from consituent to current quarks:
Indeed the understanding®® of this transformation as
a consequence of the relativistic motion of quarks
inside the hadrons would rather bring a decreasing
(instead of increasing) value for the 6; going from
lower- to higher-mass quarks.'® A typical feature
of the scheme presented here is the property of
renormalizing more the AC=AS =1 axial-vector
charges than the AC=1, AS=0 axial-vector
charges.
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