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WEAK PRODUCTION OF CHARMED BARYON RESONANCES
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We evaluate weak neutrino production cross sections for 7 conjectured charmed baryon resonances in the four
flavour quark model. Effects resulting from the mass difference of uncharmed and charmed quarks are explicitly
taken into account. The quark model results are only taken at q2 = 0 to determine the ¢2 = 0 values of the invariant
transition form factors. These are then continued to q2 # 0 by suitably chosen form factors. Qur numerical results
are compared with the results of other calculations of weak charm production.

Recently some evidence for the existence of charmed particle has been reported in e*e~-experiments [1]. The
dilepton events {2] in »-reactions are also considered as strong evidence for the production of charmed particles.
The production of the ground state charmed baryons has been evaluated by Lee Schrock [3] and Finjord and
Ravndal [4]. In this paper we give calculations of the production corss section for several charmed baryons includ-
ing excited states in the quark model. A characteristic point of our evaluation is the introduction of the quark
masses. Since the mass difference of the normal quarks (p, n) and the charmed quark (c) may be quite large, the
symmetry breaking which is induced by the quark mass difference will be large and must play an important role.

"Model. The production of charmed baryons is represented as the quasi-elastic process [5, 6] YN—->u=C (C
= charmed baryon). We treat the excitations to the L = 0 ground state charmed baryons with J P = ?, %+ and to
the excited states %_ and 3" in analogy to the D3 and F;5 seenin electroproduction:k1 :

L=0: Cy=(20;0;3), €, =Q0;L;5), C]=(0;L3)
L=1 (20;0;3), Q0;1:3)

L=2: (20; 0;5), (20;1;%

with the notation (SU (4) representation; I;J¥). The internal wave function of the ground state baryons composed
of 3 quarks in momentum space is written as follows:

3 3
o(p) = [ ,-1:[1 d3k,-63<p - 12 k,-) o(ky, ko k3)X123; @

where ¢ and x stand for the space and the spin-unitary spin wave functions, respectively. We shall evaluate the ha-
dronic matrix elements of charmed particle production in the isobar rest frame. One obtains

3 3
BT A (0)2(py) = C.C [ ][ll d3, 8 (pi —]?}1 k,) 0y Gy ko ks + @) ik oKy, ky) @ (e +@)Ty A up(k3),
@
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#1 There are altogheter 25 charmed baryon states with C=1,8=0and L =0, 1, 2 in the lowest radial mode, of which 19 can be
excited by neutrinos. We have checked by explicit calculation that the production cross sections for the above 7 states are the
largest ones for the respective L = 0, 1 and 2 orbital modes.

149



Volume 66B, number 2 PHYSICS LETTERS 17 January 1977

where the relevant charm changing current operator 1s F‘Y + I‘ﬁ‘ =7,(1 —iys) cos 6 with sin 6~ = 0.235 + 0.005.
{C.G.)is a Clebsch-Gordan type coefficient.

In the non-relativistic model the k-dependence of the Dirac spinor 1s neglected and instead the Pauli spinors are
used. Such an approximation is reliable only if |g| and the cut-off momenta for the k’s in ® are small. But in the
present case the mass difference between the n and ¢ quarks is so large that |q| is very large even at g2 ~ 0. There-
fore we may neglect the k-dependence of the Dirac spinors, but not their g-dependence. In the above approxima-
tion we reduce eq. (2) as follows:

3 3
(C.Ga @IV Auy(0) [ I}l a3, zs3(pi - 2 k,-) oF ey, Ky, Ky + @) 850k, Ky, K3). 3)

The dependence of the current matrix elements on the quark masses m, and m,, is explicitly contamed in the
Dirac spmors u, and u.. The overlap integral for the ground state in eq. (3) isa functlon of g2 which 1s normahized
to1atg?=0. In the case of the production of excited states the overlap 1ntegra1 S ¢f ¢; 1s proportjonal to IqlL
which gives a very large cross section for large mass excited states even at g2 = 0. Here we evaluate the following

two cases for the excited states
2.2
2 L meqoc
Model I: ofo = (V: |¢1|) exp [— —*:I
f % ‘ Q .Q(mz +M2) 22=0

2=0
€Y
" gl \"
Model II: ¢f ¢i = ]_M— ,
q*=0 g*=0
where m(M) = mass of nucleon (resonance), 1q|2 = g2 = [(M + m)? — q2] [(M - m)2 —g21/aM2, qoc = M2-m?

+¢2)/2M and Q = 1.05 GeV2. The above forms of the overlap integrals correspond to the model presented by
Feynman-Klshnger-Ravnda] [7] (model I) and a simple dimensional argument for the invariant coupling strengths
(model II) 2,

In principle the quark model prediction for the q2-dependence of the current matrix elements is contamed in
eq. (3) and the equivalent expressions for resonance exc1tat10n However besides the difficulty that the g2-depen-
dence of the overlap integral is model dependent, the g 2structure of the remaining spin part tends to be unreliable.
For example, for the electro-production of the D; 5(1520), the quark model prediction for the g2-dependence of
the ratio of the Fto3 hehc1ty amplitudes does not agree with experiment. Thus we shall use the quark model re-
sults only at g2 =0 and continue to g2 < 0 by continuing a suitable set of constraint free form factors via a gener-
alized meson dominance g2-dependence. In ref. [9] 1t was shown that resonance excitation mn electro-production
can be accounted for quite well using such a continuation procedure.

Cross section and form factors. If one neglects the lepton mass one obtains a very simple expression of the dif-
ferential cross section do/dg? in terms of the isobar rest frame helicity amplitudes. One has [5]

G2
do = [2uv|f0|2 +__ W21f,12 +2|f_ |2)]
dg qc
where
q
2M2|fi|2=—ljz|<C,)\¥1|Jt|N,>\>I2, aM2\f,)12 =%?|<C”"JO+EO‘CJZ'N’>‘>'2’ )
N C

andJ, = %(Jx * 1Jy). The weak hadron current isJ, =JX + J;}. The u and v are functions of g2 and of £ and E’,

#2 ft should be noted that the quark model presented by Fujimura-Kobayashi-Namiki [8] gives a suppression form | ¢f¢i
« (Iql /7)L, where vy = M2 + m?)[2Mm at q2 = (. That form is quite similar to that of the model Il for an excited state with

large mass.
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the lab. energies of initial and final lepton: 2Eu = E + E' + (M/m)q_and 2Ev=E + E' — (M/m)q.. For the weak
coupling G one has G, = G sin 6 for the weak charm production processes treated here.

The asymptotic g2-dependence of the helicity form factors will be determined from the Drell-Yan threshold
relation. If one has vW, ~ (1 — x)2¢=1 (¢ = 2 corresponds to the canonical dipole case) and asymptotic suppres-
sion of the scalar cross section og « |fyl 2 relative to the transverse cross section op « | f+|2, lf_ 12 versus os/ oT
~ g2 one obtains

fo ~(@2)=c*2, fo~(q¥)c 12, (6)

In the case 3* " (unequal mass) this implies for the constraint free invariant form factors [9] G{VA ~(@)1-e,
where we define

G =a@*) {7, [GyY —ivsGr] + (/2M) 0,4, [GY — 175G ]

Q)
+(1/M?) Py, — d4,)[Gy — ivsG 1} ulp).
For the " - %+ transition one has GiV’A ~(g@*1-¢(i=0,1,2) and G;/’A ~(q?)~2-¢, where we define
(G 15 = 85" Ty, rsu(p), ®)

and where

+(1MD)[GY — ivsGhV(a, 0y — p*agy,) + [GY — ivsGh1(aga, — a8 )M>.
For the other cases treated in this paper constraint free invariant form factors can be defined in complete analogy
to eq. (7) and (8).
For the invariant form factors we shall make a generalized meson dominance ansatz in the form of a product of
meson poles as predicted by the dual current model [10] for leading baryon resonance excitation [11]. We write

N(c,)-1

rey- I (s ——-—ﬁ—)_l, ©

= 2 -1
n=0 my + na

where myy is the meson mass, o' the Regge slope and where the number of poles M(c,J) 1s determined by the de-
sired large q2-behaviour as discussed before.

The form factors GIV’A will in general obtain contributions from mesons with JPC = 1~—,1%*,1*~,0~* and
0**. In the case of charm production the mesons in (9) carry a charm unit. Since not much is known about the
mass spectrum of charmed mesons yet, we shall be using one common set of mass values of the charmed mesons
entering in eq. (9), namely the D* with mass 2.0 GeV [12]. For the Regge slope which determines the masses of
the D*-recurrences we take o’ = 0.5 GeV—2, a value that lies between the &’ =~ 1 GeV—2 of uncharmed vector
mesons and the &' = 0.25 GeV—2 of the ¢, {' sequence.

Results. The model is now completely specified" the quark model is used to calculate the g2 = 0 helicity ampli-
tudes which are then projected onto the invariant amplitudes at @? = 0. The invariant amplitudes are then con-
tinued to g2 # 0 by the GMDM form factors as described before. Except for the transition 3 %+ we shall assume
canonical behaviour (¢ = 2) for all form factors. For the former we take ¢ = 3 corresponding to a faster fali-off of
the N— A form factor as observed in electro-production experiments [13].

The model contains 4 parameters, namely the mass of the produced charmed baryon M, the mass of the
charmed vector meson mpy+, the slope of the D*-trajectory ap+ and the ratio of the masses of the n and ¢ quarks.
For these we use m,, ~ (m/3) = 0.313 GeV and m  ~ %mw ~ 1.6 GeV. The charmed baryon masses are estimated
in a heuristic way by noting that every charmed baryon resonance (C = +1) has a strange baryon partner $=-1)
with the same values of I and JP. We then estimate M(C = +1) = M(S = —1) —m, + m_ with m, =~ 0.466 GeV. The
results are not very sensitive to small variations in the masses M.
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Fig. 1. Full line* Production cross sections for 7 prominent charmed baryons and resonances using model II. Dashed line* Produc-
tion cross sections for 7 = 0 states withJ¥ = {,7 s §'+ using model I.

The dependence on the form factor parameters apy+ and mpy+ is such that o(small ap+) > o(large 0‘1')*) and
o(small Mpy+) < o(large mp+) which immediately follows from the form factors eq. (9). The variation for 0.25
<ap+ <1 and 2.0 myy 2.2 1s not significant. Qur subsequent discussion is based on the choice a]')* =0.5 GeV?2
and mp* = 2.0 GeV [12].
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Fig. 2. Comparison of our results with results of LS. Mass parameters are Mc}h = Mc}* =2 GeV and McF** = 3 GeV, and, in the
case of LS mg* = 1.95 GeV. For Cf ** we take the LS tripole result.
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An interesting point is the difference between the results of models I and II (fig. 1).

Model I has o(ground state) < o(excited state), whereas model II gives o(ground state) > o(excited state).

We believe therefore that the results of model IT are more reliabel since the results of model I would lead to un-
reasonably large cross sections for high orbital excitations.

In fig. 1 we also present our predictions for the production cross sections of the remaining 4 / = 1 states using
model II. The production cross section for Cg off neutrons is large compared to the other cross sections. In fig. 2
we compare our results for the L = O states C(;',CI'+ and C;H with those of Lee and Shrock (LS) [3] 3 In order
to facilitate the comparison with LS we use mass-parameters that differ from those of fig. 1. In the case of the C f+
we get similar results as LS. Qur Ca cross-section is &2 times larger than the result of LS. This discrepancy is not
easily accounted for. The Ci'+ cross section is smaller than the LS result for energies E S7 GeV. This is mostly ac-
counted for by the fact that the g2-dependence of their form factors is flatter than ours, since they are not impos-
ing the asymptotic constraints eq. (6) on their form factors.

The authors would like to express their gratitude for valuable discussions with the members of the theory group
at DESY. Thanks are due to M. Krammer for reading the manuscript and suggesting some improvements. Two of
them (C.A. and T.K.) would also like to thank Prof. H. Joos for his hospitality.

#3 The cross sectton estimates of ref. [4] are orders of magnitude lower. As remarked by LS, this 1s due to an imprudent choice of
form factors.
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