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ABSTRACT

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 decays in which
the final baryon belongs to the decimet. The consequences of a vanishing

magnetic moment for the charmed quark are studied in detail.
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I. INTRODUCTION

The existence of a fourth quark characterized by a new quantum
number, "charm", which was introduced on theoretical grounds,l has found
experimental support in the discovery of the puzzling J/¢ particle2 and
of other charmonium-like states. Since 1974, it has been confirmed by
several experiments on neutrino interactions3 where dilepton production
is commonly viewed as an indirect evidence for the production of charmed
rarticles which subsequently decay in a semileptonic way, and by the
discovery of charmed mesons.4 Finally, the peaks which have been
observed at 2250 Mev/c2 and 2500 MeV/c2 in the effective mass distribution
of A(3m) and A(4m respectively in photoproduction at Fermilab5 have
been interpreted as charmed anti--baryons.6

The existence of charmed baryons stable versus strong and electro-
magnetic interactions is indeed expected from the theoretical values7 of
their masses and the measured masses4 of the already discovered charmed
mesons.

The purpose of this paper is the evaluation of the semileptonic decay
rates and the magnetic moments of the baryons with charm + 1 expected to
decay weakly. The effects of SU{4) symmetry breaking, already described8
in the framework of the transformation from constituent to current.quarks,g’lO
are rather big. Therefore our predictions will differ from the ones obtained
in the symmetry limit.ll'12

The expressions for the weak charges and magnetic moments operator

will be written in Section II. Then the predictions for the semi-
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leptonic decays and the magnetic moments of the baryons with charm + 1

will be derived in Section III.

II. THE WEAK CHARGES AND MAGNETIC MOMENT OFERATORS

The vector and axial charges are obtained from the corresponding
SU(8) generators with the unitary transformationg'lO which connects
constituent to current quarks; the unitary operator V applied to the

. . 8
quarks in the ground state transforms them according to :

V]qi, ground state > = cCos Bi[qi, ground state >
+
+ si = +] >
sin Bi|qi' Lz 1

¥
V|qi, ground state > = cosei|q;,ground state >

+ sine.lq?, L =-~1>. (II.1)
1 "1 Z

where Bi depends on the flavor index i and the Lz = *1 > state is the
same for all the quarks. BAs a consequence the matrix elements of the

vector and axial charges between the states of the 63 and 120 representations
of SU(8) are renormalized with respect to the corresponding generators by
the factor cos(Bi-”Fej) in which the upper {lower}) sign holds for the

vector (axial) charge. The parameters 6 =B and 6 are obtainedl3

Po o Ao
from the semileptonic decays of the ordinary (non-charmed) baryons

8 =8 =20 o =28° . (1I.2)

To determine GC » one assumes also for the charmed states that the
0
magnetic moment matrix elements are proportional to the ones of the

corresponding axial charge . This property holds rather well

for crdinary baryons. Indeed from (II.2) this hypothesis implies the
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following expression for the magnetic moment of the 35 and 56 states of

SU(6) :

-+ 2 =+ 1 > 0.73 » ]
— —_ - — -_— — . I R
u up[ S 3 sn T 53 (I1.3)

3 g 0 0
A comparison of eg. (II1.3) with experiment is performed in Table I.

For the hadrons containing charmed quarks, eq. (IT.3) should be

-+
generalized by adding the term: up(2/3)(c0526C /00526P )SC . A measure
0 C
of cosZBc can be obtained by considering the decay rate wc - nc + v ;
0
. 4
assuming m_ = 2800 MeV one flnds:l
Tlc 2
cos 26
{y + y) = L2 k3 = 887 ————*—EQ-K vV
e L &
cos 26
Py
i = + -
Since FTotal(¢C) 67 £ 12 XeV and the channel nCY has a small branching

ratio,15 we are brought to conclude that:
8 = 45° {II.4)

A confirmation that the contribution of the charmed quarks to the

hadronic magnetic moment is negligible may be achieved from the measured

. . 16 *Q 0 *Q 0 _
branching ratio I'(D D +y}/T(D "»m +y) = 1.0 + 0.3. With m *0 = 2005 Mev
D
and m o= 1867 Mev one finds:
D 28 2
v o cos Co
D "D +y) = 24\1 + m— KevV ,
Py
while:
*
I'(p 0+Do+w0) = —l-—z— q30 cos”26 = 15.4 KeV
24nF ™ PO

n C.m.
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A further check on this hypothesis could be achieved from the study

*4
of the D decays. In fact, one gets:

00526C 2
ro st vy =612 — 9] gev
Y= T cos28 Ve
Py
compared to the rate:
*y

r'(o + D + 7m) = 54.8 KeV,

cbhtained with m iy = 2010 Mev and m = 1872 Mev. Of course, the pionic

D
rates depend critically on the masses of the charmed mesons.

From (II.2) and (II.4) one can get the following expressiocn for the
effective weak current of the constituent quarks, in the ground state,

involving the charmed quark:

coyu[cosec -(0.96 - 0.2975)A0 - 51n6c ‘(0.91 - O.42Y53n0] {II.5)

ab ab

where the G.I.M. forml has been taken for the weak Lagrangian.
ITI. PREDICTIONS FOR SEMI-LEPTONIC DECAYS OF CHARMED +1 BARYON STATES

According to Reference 7 the C = 1 baryons stable versus strong and
€.m. interactions are the isospin singlet of the 6-representation of SU(3):
TO (with quark content Ci))and all the states of the 3: the isospin
singlet CO+(Cpn) and the doublet A6(CAp or Cin). The states of the 3
are not coupled by the charm-changing currents, which behave as a 3-

+

representation of SU(3), to the g decouplet (3@5 = 1+48). Their AS=1 and

AS=0 decays are respectively:
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+ +
Co - A CO - N
+
5 3 + e <+ ve and
= +
A" -+ = A  + A + e 4w .
e
R 9
A - I

From (II.5) one finds the corresponding values of the weak charge matrix
elements:

L3+ild) o v, +/§"<EQIQ13+114|A6>

—<A|Q
sy O (5)

0.96 (0.29)} (III.la)

for the AS=1 transitions and:

/%" <N,Qll+ilz|co+> _ /'g_j(z-I911+ilzle>

(5) (5)
= A <aC|QTHE R < a2 s S o0 0.4
3 (5) (5)

{III.1Db)

for the AS=0 transitions. We put into brackets the renormalization

m+1i{m+1)

5 The proportionality

factors corresponding to the axial charges Q
between the vector and axial charge matrix elements is a consequence of
the fact that in the 5, the ordinary quarks spins couple to zero, and the
total spin coincides with the spin of the charmed quark. Therefore the
action of the SU(8) generators corresponding to the wvector and axial

charges is the same. However the renormalization factors are different.

For the T0 particle, one expects the following semileptonic decays:

- +
T &+ = + e + ve
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and the relevant matrix elements are

13+114IT0> - - /Cg‘x 0.29

<Q—|Q
5
*o ! e
<= {Qll+l12|TO> = - 2 2 x0.42
3
5
<E-‘Qll+1l2 ‘TO> - _ 1 x 0.42
3
5
- +1
x|t 2140 5 L gla: (111.2)

The rates derived from (IIT.1) and (III.2) are written in Table II.

+ + +
To get the decay rates for the 3 + & + e + Vgr we used the formula:

2 2

o 2
r + = 3 l3 BF, + A2FA2] (111.3)
A-rB+e +ve 384w MA

where ¢ 1is the Cabibbo factor, FV and FA the matrix elements of the

vector and axial charges respectively, and the Ai are given by:

2
b e
A = 208 -8) & ‘;’ x° + 25) (8% - )as
5
o (+-75)
m
A22/(A2— ) (-s) 2 2
a, = 21 220 (0% + 28) (Z° - s)ds (II1I.4)

2 : 2
s [ )
m

w
where: A = M - M =M + M_, m is the mass of the charmed vector

: B' A B
* * .
meson (i.e., F and D for A5 = 1 and AS = 0 transitions respectively),
and the lepton mass has been neglected.

*
In the limit A << &,m (which is the case for the semileptonic

decays of non-charmed baryons ) cne gets:

12 5.3
A2 = 3A1 = 5 4 E
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However for the charmed baryons the above inequalities are not well

*
satigfied since A %—m ~ % I . So the Al and A2 given by (IIX.4) are

larger by a factor ~ 1.25 for AS = 1 decays and v 1.4 for AS = O ones.
A similar, albeit more complicated, expression holds for the

+ +
1 3 i1
+ — decays.

2 2

Let us conclude this section with some considerations about the
magnetic moments. From Egs. (II.3,4), one deduces that the states of
the 3 have no magnetic moment (the only quark with non-vanishing spin

projection on the hadron spin is the charmed one) while the symmetry

2 pu_ for all of them.

ai . .2
pPrediction 1s 3 Hp

As for the transition magnetic moments, the only ones which can be

measured indirectly while evaluating the branching ratio of the radiative

decay with respect to the pionic one are u o+ and u + . which
©1% s°a
does not change { u 4+ }, or change very little (USA)
“1%

from the symmetry value, cf. Table I.
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TABLE I
Magnetic Moments and Transition Magnetic Moments for Baryons

(In brackets, the predictions of unbroken SU{4) are reported)

Theoxry Experiment
= U cos26 = 2.79 2.79
0 p
0
= u (- Z)COSZG = - 1,86 ~-1.91
0 3 p
0
= U l—(Scosze + cos28 } o= 2.71 (2.79) 2.62 £ 0.41
09 P A
0 0
= U i-(2c0529 + cos28, ) = 0,84 (0.93)
09 P A
0 0
= H l-(—400526 + cos20, ) = ~1.01 (-0.93) -1.48 + 0.37
09 P A
0 0
.
= U_{~ =lcos28, = -0.68 (-0.93) -0.67 * 0.06
0 3 A .
0
2
= u ( —‘~)(cos26 + 2cos29 ==1.52(-1.86)
0 9 D A
0 0
= K l{cos26 - 4cos20. ) = -0.59 (-0.93) -1.85 % 0,75
09 p A
0 0
2
= uo(- ) )(2cos281 + cos26C ) = ~0.91 (~1.86)
0 ~0
2
= uo 3 cos26C =0 (1.86)
0
= 2—cos28 =0 (1.886)
- M3 c .
0
2
= uo 3 cos26C =0 (1.86)
0
1
= uo ( - —“)cos 20 = 1,62
vV3) Fo
= uo ( - —l:)(2c0328 + cosZBA ) = =1.45 (-1.62)
33 Fo 0
= My ( —E:;)(cos28 - coszel ) = 0.14 (0).
3v3 P 0
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CONCLUSION

The effect of symmetry breaking is such that it reduces by a factor
2,5 {2) the Cabibbo favoured (disfawvoured) 4S8 = 1 (=0) decays of the
charmed states of the 3. This changes slightly the branching ratios inteo
the different channels, with respect to the predic tions of SU(4).ll A
stronger effect concerns the TO decays, where the % final state is
expected to occur rather frequently (22% instead of 5%). Alsc the spectrum
of the baryon final state is predicted to be different with respect to the
symmetry limit: the dominance of the vector current centribution implies
a larger amount of energy transfer to the final baryon.

should the pattern proposed here for the rencrmalization of the
weak charm-changing charges be confirmed by experiment, rather interesting
implications would concern the transformation from constituent to current
quarks: indeed the understandingl0 of this transformation as a
consequence of the relativistic motion of quark inside the hadrons would
rather bring to a decreasing (instead of increasing) value of the Bi going
from lower to higher mass quarks.l7 A typical feature of the scheme present-
ed here is the property of renormalizing more the AC = AS = 1 axial

charges than the AC = 1, AS = 0 axial charges.
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