.DE'_U.TSCHES '.ELEKTRONE..N-SYINC'HROTRO.N DESY |

DESY 78/13
bruary 1978

.
£ ING.
19~ 37 A%

RaLE

WEAK DECAYS OF THE CHARMED BARYON C; AND THE INCLUSIVE YIELD OF A AND p

by

Gl

| IT. Institit flir Theore




To be sure that your preprints are promptly included in the
HIGH ENERGY PHYSICS INDEX ,
send them to the following address ( if possible by airmail ) : |

DESY . = ® s
Bibliothek ~~ ~“ | ¥ g
Notkestrasse 85

2 Hamburg 52

Germany




Weak Decays of the Charmed Baryon C; and

the Inclusive Yield of A and p

J.G. Korner and G. Kramer
II. Institut fur Theoretische Physik

der Universitdt Hamburg

3. Willrodt *

Deutsches Elektronen-Synchrotron DESY, Hamburg

Abstract

We calculate the decay rates of the charmed baryon state C;(2.26)

into 25 two body and quasi two body states involving baryons and

p_ 1" 3t - -
mesons with J =55 0 and 1 . These modes yield a width of

[ - 15.5 x 102 sec’! and an inclusive yield of A/pZ 40 2.

+) On leave of absence from Gesamthochschule Siegen



Recently Spear [ 1] has published evidence that the inclusive production
of pand A (or A ) in e'e -annihilation increases when one passes through
the expected threshold for charmed baryon pair production at /' £ 4.5 Gev.
This may be the Tong awaited signal of charmed baryon pair production in
e+e_—annihilation, although the small yield of additiona144's (or Z‘E )

compared to additional p's is somewhat puzzling.

According to the charmonium picture the only stable charmed baryon state

made from a c-quark and u,d-quarks is the C; which has been identified in

a photoproduction[fZ] and a neutrino production [ 3] experiment. The mass of
the C; has been given at 2.26 GeV. The next stable charmed baryon with an
s-quark added is the doublet AT0 - (csu{d)) with an expected mass at around
= 2.5 GeV [4] . Thus any new baryon production in the region 4.5 % 1S £ 5 Gev
is expectéd to be the debris of weakly decaying C;'s. Therefore it seems to

be worthwhile to try and estimate the various branching fractions of the

decay of the C;.

In this paper we take the point of view that the C; decays into two body

and quasi two body states most of the time. This is orthogonal to a statistical
description of this decay [4,5] in which the multiple mesons originating from
the C; are essentially uncorrelated except for possible jet configurations.

The latter approach already seems to be at varjance with some of the observed
D-decay modesl:ﬁl . On the other hand the evidence for resonance dominance

of multibody final states in most production processes has become mounting

in the last few years.

[f one considers the Cabibbo favoured decays of the C; into ground state



baryons and mesons one counts 28 possible decay channels of which 3
cannot be reached if the mass of the C; is 2.26 GeV. The bulk of the

C; decay should be made from these channels. Higher resonance contri-
butions are likely to be suppressed because of phase space. Also the
Cabibbo suppressed decays to the lowlying baryons and mesons are not
likely to be important due to the Cabibbo suppression factor “‘329?-‘: 5 %,
even though their phase space is somewhat larger than that of the Cabibbo
favoured cdecays. In QCD the basic effective A C = 1 transition operator
can be obtained from the short distance behaviour of the current-current

product of charged currents [ 7] and is given by (see e.g. [8])
K, = £ cos’ O, [———“ﬂ*{' (E':Z(/.'(A*{a(g)ald )(§‘3'/"(4-5X$)Cj)

_ . . (1)
¢ Ao (e @R ip95) |
where the i and j are colour indices which are summed over.

The coefficients f4 embody the renormalization effects due to hard gluon

exchange. These have been estimated in Ref. [8]Jand take the values

{_ x 2.1 f.

)

0.6%

With the help of the effective Hamiltonian Eq. (1) one can immediately
estimate the contributions of the factorizable diagrams Ia and Ib of Fig. 1
that involve two inactive spectator quarks.'The calculation proceeds in
complete analogy to the evaluation of D- and F-meson decay amplitudes as
performed in Refs. [8,9] . However, one should already now keep in mind

that these contributions are likely to constitute only a fraction of the
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total amplitude, which receives contributions also from diagrams of
type II and III in Fig. 1. This is different in the mesonic case_where
the factorizing contributions determine the whole amplitude. We shall

return to this point later.

In fact one can easily convince oneself that of the possible 28 ground
state decay channels the only possible transitions proceeding via the
factorizable diagrams Ia and Ib are the decays C;——) Aw+(et) and

C; R4 f’r" ( F") . Defining our nonleptonic amplitudes as usual by
{ 6pa) Plp)[ ] BRI = Gip) (R+iBys)ucp) 5
and by

< B,(p,_) Vies) I 36/ g (pJ) = u(ﬁz) 61 ( Ri ¥ s + Ha Pri)s
+ B, Yo + B, b ) U—(PA) (4)

we find for the factorizable contribution (diagrams Ia and Ib in Fig. 1) to

Cod > Ant(p+)

(377

G ' -
A= ‘;5:; Y+ COS?_'QC :ﬁt (n" H?‘) H|(34) (5a)
B= & X, ' 6cfr (Mt M) Hy

IR . r,3F)
Poe & X, ot mefe H
4 2 .
nz= O

_ +) (3%

B8, & K& 'O 7 fo (K" + He ) )
M 2. _

Bae~ & Xi cos G wpfer () e
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For the decay Co D pk “‘x)
amplitudes with the SU(4) Clebsch-Gordan factor V' 3/2 and has to
replace 1/_,_ = 3'-(2!; +f-—) by X— = % (fo'f-) . Also one re-
. 2 r . (3%)
places j(." by fk and My {9 by mf;* j(u*- The H,‘; are SU(4)

reduced matrix elements and can be expressed in terms of the known

one has to multiply the above

vector and axial form factors of the n_uc]éon as shown by Buras [10] .

Using fw” 0.922 mgs , fi= 428fw, fg+ = 0.243 )](k* = fp+
(2%) )

and the HC as given by Buras [10] as well as the values for the

renormalization coefficients f and f. as given in Eq. (2) one cal-

culates the following rates

el -
Ct = Awt
12 gec !
(0
PCJ’ » Apr T 1.30 «
N ~1 6
Mt spidp = 011 o™~ ftes ©)
o
- 03% x lof ce”

r?;+-» p k=

We reiterate that these rates are not meant to accurately give the real

rates since they have been calculated only from the factorizable part.

Before turning to the calculation of the contributions of the other diagrams
in Fig. 1 we briefly consider the possibility of obtaining rough estimates
of partial rates using SU(4) for those cases where old decays exist. For
Cot > B(4*) +M (0D the relevant formula (using § (or 2o" ) dominance for &, )
have been written down in Ref. [11] . The resuilts are given in Table I in
brackets. We have assumed SU(4) for the dimensionless quantities A and B

in Eq. {3), and have scaled the result by the ratio of enhancement factors [12]



- 5 -

F__“"’/ oz 2
{ifc' e /4+ | -

It is not clear how valid such a procedure is since, for example, the
effective current contribution to diagram I has also a piece proportional
to f, (transforming as 84 in SU(4)). Also the p.v. contribution of diagram I

is purely SU(4) breaking (see Eq. (5a)) and may be important.

In the case of Co 8(2%) +M(07) one may attempt to calculate the
partial rates in terms of the S decay rates. There is in fact only one
SU(4) invariant describing the 7 new decays Co > 3(%+)ﬁ(°‘)and the old

decay S22 A Kk~ assuming again 20" dominancefJThe partial rate for the

latter decay can be very roughly estimated by taking the 1ifetime and the
number of events reported for the 3 possible S¥ decays published in Ref. le].

One obtains M- = 0.38 x 1010 sec_l. Nothing is known about the

SUPAW
relative amount of p- and d-wave amplitude in the decay. One can probably
safely assume that the d-wave contribution is suppressed or even zero as
in our later model calculation (see also Ref. [141 ). Let us then assume

that SU(4) holds for the dimensionless p-wave amplitude B/(M1 + MZ)’ where

we define

CBew Plen X[ Bie)> = Ty (Rpaiys+ Bow) o

After multiplying with the ratio Eq. (7) one arrives at the rates given in

Table I in brackets.
+) This is easily seen by considering SU(4) couplings in the t-channel where

there are two reduced couplings transforming as 15 and 45. The above 8 decays

can be seen to decouple from the 15 leaving us with one invariant coupling.
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Not much can be learned from SU(4) about the decays CJ“) B(E‘.+)+ H(’f)
and G - 6(5},4)4' H(’f) . There are too many amplitudes to obtain

any useful relations among the various CZ decay channels. It is also im-
possible to obtain absolute rates since there are no corresponding 4C =0

decays that could be used for normalization.

In order to be able to make any progress we therefore propose to use SU(8)-
type quark model wave functions for the ground state baryons and mesons to
calculate the important C; decay modes according to the diagrams in Fig. 1.

The corresponding amplitudes are given by

.o = ARc = 9 ¢d ch
T—G,*)an = H4 82 By nac MD (O'Q'v‘ 3 Go‘c')
S A8 = o gaec AL M8 Ny P
¥ HL{Bz ase Mp Ugor + By Byaac ”D &3"-' (9)

o Rleld VRS A8
+ H3 Bz Ba pec Mc_' &n'sf
The BABC and ME denote ground state quark model wave functions.

Each index A stands for a pair of indices (&a) where o and a denote
the spin and SU(4) degrees of freedom. Ogg describes the structure of the
effective current-current interaction and can be e.g. deduced for 4C =1
decays from Eq. (1). Hl’ H2 and H3 are wavefunction overlaps corresponding
to the diagrams I, II and III. In Eq. (9) we have already summed over colour
degrees of freedom. One should note that diagrams IT and III contain only

contributions from f. (transforming as 20") due to the ground state nature

of the baryons whereas diagram I obtains contributions from X.;--é(a:c{-* F—)
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and A_= % (Zﬁp-'}_) depending on whether one has a charged or a neutral

meson in the final state, resp.

In Ref.[14] we have demonstrated that the amplitude Eq. (9) accounts quite
well for the ordinary 4 C = 0 nonleptonic hyperon decays. This is not
difficult to understand since one can show that the various terms in Eg. (9)
correspond to the various contributions arising in the more conventional
current algebra approach as e.g. in the succeﬁsful description of nonleptonic
hyperon decays by GronauL 15]. For example, for the p.v. part, only the
contributions proporticnal to H1 and H2 survive. The first term gives rise

to the.K*-po]e contribution, and the second term has the exact structure

of the ETC term +)[:14]. As one can see from cutting the diagrams I, II and III,
one has in the case of the p.c. p-waves amplitudes contributions corresponding
to K° and baryon poles just as in the current algebra approach. The scale

and phase between s- and p-waves was found to be reproduced quite well by

the amplitude Eq. (9), thus embodying the content of the Goldberger-Treiman
relation, which relates the scale and phase between s- and p-waves in the

current algebra approach.

The effective paraquark current-current interaction used in Ref. 14 corresponds
in modern Ianéuage to the short distance factors f_ =1 and f, = 0, which

gives Xt=i§1 . In the case of A™e m~ we had noted that the fit value

for the overlap Hy was = 5 times the value derived from factorization. This
enhancement factor is now provided by the short disténce expansion of QCD,

A=t
since, e.g., E11is et al. find x4_ = 3—.b [12]. For the ratio of overlap

*) This can be seen to hold also for the AC = 1 s-wave amplitudes [16]



functions H2 and H3 cur best fit values was
H2/H3 = - (.82

This ratio is not affected by the short distance effects. However, the
[ X}
absolute values of H2 and H3 have to be scaled by the factor ‘£- /%fc*°

in Eq. (7) when one is applying the theory to the A C = 1 decays.

If one uses the relativistic quark model wave functions of Ref. [17] one
has to factor off a mass term (MIMZ)_1 in the factorizable contribution

(diagrams Ia and Ib in fig. 1) proportional to Hl’ i.e. one has to introduce
,

H’)MZ

baryon current matrix elements. We note in passing that the resulting SU{4)

A
H,= H, in order to assure correct charge normalization of the

structure of the baryonic current matrix elements does not differ much from
the SU(4) structure assumed by Buras L[ 10]. For consistency reasons we also

factor the same mass term from the other two contributions, i.e. we write
~

He= Ha”a.
by the factor 1.46 since the quark model wave functions used in our calcula-

H: . Also we increase the amplitudes involving vector mesons

tion Tead to {P+/1‘ (=f) = /an which is too small by the above

factor when compared to experiment.

We have taken the best fit values for ﬁz and ﬁ3 from Ref. [14). After scaling
them according to the factor /ﬁ'ac"o of Eq. (7) all the necessary
ingredients for the calculation of diagrams II and III are givenT)Using

the relativistic quark wave functions of Ref. [ 17] one calculates the rele-
vant amplitudes and then adds them to the factorizable contributions cal-

culated in Eq. (6). Finally one arrives at the partial rates given in Table I.

*) Details of this calculation will be given in Ref. [16).
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The sum of the partial rates appearing in Table I gives a lower bound for
the total rate of hadronic C; decays. We find

’ iz -] '
Ucs 5 quan 4wo boty = [5.51 = 107 sec (10)

]

As argued before, this rate should already be quite close to the total
hadronic rate. The two body modes > B(é_*) +M(07)  constitute 11 %
of the above rate. The semileptonic rate (e or p) of C; into single ground
state baryons has been calculated by Buras to be 0.6 x 1012 sec_1 [10].
The semileptonic branching ratio for decays into ground state baryons is
thus 4 %. If this number refiects the total semileptonic branchihg ratio
of C; this would mean that the semileptonic branching ratio of charmed

baryons is appr. half of that of charmed mesons.

We have calculated the average multiplicities in C; decays from the numbers

in Table I and find )

< 0 > = 2. 81 | (11)

< N > = 3-394 (12)

This means that the C; decays on the average into several particles and

should be looked for in multibody final states. Also one expects jét-]ike
configurations since the particles originate mostly from resonances. The
average multiplicity < N,> is approximately the same as given in the

statistical model [4,5) so that measurements of this quantity are not use-

+) We count Kg as two particles and take KLO to go undetected.
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ful to discriminate among these two models.

The total rate in Eq. (10) is larger than the rate estimate of Ellis et al.
based on the picture of the decay of an effectively free quark, who quote

~ (1.5 to 2) x 1012 sec! for m. = 1.5 GeV and ¥ (6 to 8) x 1012 sec?

for
m. = 2 GeV [12Y . Their rate estimate is closer to the numbers given in
Eq. (6) for the factorizable contributions, which shows that the more
complicated quark transitions occurring in diagrams II and IIT may not be

adequately estimated by calculating the decay of a free quark.

As a 1ast‘point we discuss the inclusive yield of A's and p's in C; decays.

Let us define the inclusive ratio

PC0+ -3 /\*X
= a@ (13)
PC:- e F + X
Since one produces a C;E; pair in ete -annihilation one has as decay products
the pairs (pp), (PA ). (PA) and (AA) which appear with the weights

(pp) - (PR): (FAY: (AR) = 4. s a® (14)

In the recent experiment at Spear the following ratio was measured

R s - sf\of;( . Q.z'l- Za
A 205 2(1+a)

where we have on the r.h.s. introduced the inclusive ratio of Eq. (14).

1

For the ratio a we find from r;+x - 9.15 x 10% sec™? and
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rﬂ/\+x = 3.59 x 10'% sec™! the value a = 39.2 % which gives Rp/a = 34 %
whereas the authors of Ref.[ 1Y quote a number of 10-15 % for Rﬁﬁa below
and above.charm threshold. We do find a suppression of (AorA)'s relative
to p's in C;—decays, however, the suppression is not as big as reported in
Ref. [ 1] . If the experimentally observed large suppression of excess
(AorA)'s persists, one may have to Took for sources other than C; for
excess baryons. For higher energies obvious candidates would be the AT®
and T° states with masses at & 2.5 GeV and 2.75 GeV. For lower energies
there still exists the possibility that the Clo and C1++ members of the Cl
isotriplet decay weakly, if their mass separation to the C; is too smail

for pionic transitions.
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Figure Caption

Quark diagrams for two body decays of C;. Quark Tines are labelled

for the specific decay C3+*5 At (p+) . The appropriate

short distance factors are given underneath the diagrams. For neutral
final state mesons the short distance factor of (Ia + Ib) is %—(Qf}"fl)
Diagrams Ia and Ib are related by Fierz crossing and diagrams Ila and

ITb by C-conjugation and crossing.
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AT To T 3* o Z*q 2ty P W =° Kt
0.109 0.091 0.094 0.095 0.558 0.486 0.219
(0.279) {0.050) {0.050) (0.125) - (0.627) (0.068)
LAt PN Jtge | Ttw | TP | ek =° Kk*+
! 0.676 0.684 0.692 1.849 0.060 1.347 0.197
+ —— - — O
240“... 2*4‘“0 2'1#'1 2! ql A+ © A++ Kk ;* L+
¥ 0.231 0.231 0.322 0 0.510 1.543 0.106
(0.287) (0.287) (0.399) “ 0 (0.685) (2.091) (0.122)
Syieor 2*1-&)0 T Zt-l- ._P at W0 A wt Eat-o Kt
| gy
0.297 - 0.297 0.255 0 1.102 3.454 0
Table 1. Partial decay rates of C; into ground state baryons and mesons.

Units are [IO]L2 sec_l_]. Number in brackets are SU{4) predictions

calculated from 4 C = 0 decays.
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