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Summary. — The nonleptonic decay rates A} — pK® and A} — An+ are
calculated by using current algebra and an evaluation of the matrix element
by {B,|H%|B,> using nonrelativistic SU, wave functions. The results are
found to be in good agreement with experiment. The results are also
compared with earlier quark model and MIT bag model calculations.

PACS. 13.25. — Hadronic decays of mesons.

1. — Introduction.

In 1978, R1AzupDIN and FAYYAZUDDIN (!) deduced the AI = L rule and
the (dff),, ratio in nonleptonic weak decays of noncharmed baryons by con-
sidering weak-meson boson exchange graphs as the analogue of gluon exchange.
In this paper we apply the same standard current algebra techniques, extended
to SU,, and obtain a good fit to the known nonleptonic-decay rates AT — pKe,
Al — Art using the same scale parameter of Riazuddin and Fayyazuddin (-2).
We compare our analysis with quark model results and with a recent calculation
using the MIT bag.

(*) To speed up publication, the authors of this paper have agreed to not receive the
proofs for correction.

(**) Permanent address: Department of Physics, Quaid-i-Azam University, Islamabad,
Pakistan.

(***) Supported in part by the U.S. Department of Energy under Contract No. DE-
AC02-80ER10663. Permanent address: Physics Department, University of Arizona,
Tuecson, Ariz. 85721, USA.

() Rrazuppin and FAYYAZUDDIN: Phys. Rev. D, 18, 1578 (1978); 19, 1630 (1978).

(3) M. D. ScabroN: Rep. Prog. Phys., 44, 213 (1981).
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2. — Combining current algebra and quark amplitudes.

The standard point of our analysis is the weak Hamiltonian density

(1) Hy= 2\/_ (J T + Jetdy)
with the hadronic part of the weak V — A left-handed SU, quark current (%)
given by

(2)  Ju=uyu(l —y5)(d cos0, -+ s sinby) 4 Cyu(l — iy5)(s cosb,— d sinf,,)

with G = 1.026-10~° m_* and where u, d, s and ¢ stand for the respective
quark fields and 0, is the Cabibbo angle. As a first approximation we ignore
the short-distance QCD effects (°) so that the Cabibbo-enhanced charm-
changing effective Hamiltonian is

3) Hy = —G\/—E 008* 0c[yu(1 — iyy) d] [3y4(1 — ips)e] .

This obeys the selection rule AC = AS = AI = 1. Later we shall comment
upon short-distance modifications of (3).
The matrix element for baryon decay processes can be written as (2)

(4) M = — (B'(p, P(Q)|Hy|Bi(p)) = Unlid -+ By,luy,
where A and B are the (parity violating) s-wave and (parity conserving)
p-wave amplitudes, respectively. The three-hadron matrix elements of the

weak Hamiltonian may be reduced to baryon-to-baryon transition elements
of Hy by applying standard soft-meson techniques (¢), to give

(5) M= }<Bf|[@§, Hy B 4 M,(q) + Moi(q) -
P

Here @] is the axial generator associated with the meson P/ and fe i8 the corre-
sponding pseudoscalar-meson decay constant (f, = 93 MeV, f = 112 MeV).

(®) N. CaBiBBO: Phys. Rev. Lett., 10, 531 (1963).

{(*} 8. Grassow, J. ILtorourLos and L. Matant: Phys. Rev. D, 2, 1285 (1970).

(®) B. W. LEE and M. K. GALLARD: Phys. Rev. Lett., 33, 108 (1974); G. ALTARELLI
and L. Marani: Phys. Lett. B, 52, 351 (1974).

(®) R. E. Marsuax, Riazuopiy and C. P. Ryan: Theory of Weak Interactions in
Particle Physics (New York, N.Y., 1969).



250 F. HUSSAIN and M. SCADRON

M (q) are possible pole term contributions and M, (q) represent the factoriza-
tion {(quark decay diagram) contributions.
The V — A structure of H, leads to [Q!, H,] = —[@/, H], so that

) = B B M)+ M),

where €7 is the SU, charge with the quantum numbers of the meson P/ and
operates on the baryon states to its left and right as a SU, generator.

The s-wave contributions of the %+ baryon pole terms are suppressed,
whereas the commutator term contributes only to the s-wave amplitudes A4,
so that

1 :
(Ta) A = An.— 7 <B|Q, HF 1B ,
P
(7b) B = Bfac+ Bpole?
where B, is obtained from fig. 1 as (2)

. Irni oy i HE gnis
® B = mymg) 2 (<mi—— M) (my - ) (e — mg) (- m»)

with (n|H%"|i) = H};-. Here ¢, is the strong-coupling constant.

Bf -
Hy 8 B w B

Fig. 1. — Rapidly varying baryon poles in Bf —B/P’.

Note that, because ¢’ is a generator of SU, and the %+ baryon states we are
considering are members of the 20 multiplet of SU,, both amplitudes are
described as a sum of terms involving transitions of the form (B,|H%™|B;).

Finally, using SU,, the factorization contributions can be specified in
terms of the measured form factors of current transitions between known
baryons, as has heen discussed by BURAS (7).

3. — Charmed A7 — Ax*+ and A} — pK°® decays.

Since there are experimental data on only two charmed-hyperon decays
A - Ant and A7 — pK?, we shall give the details of the calculation and the

() A. J. Buras: Nucl. Phys. B, 109, 373 (1976).
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results for just these decays. The relevant formulae for these two processes

are:

1) A} — An*t. In this case the current commutator term vanishes, so
that

(90') A = Aia.c bl

o 2 {ZTHy |A+)ﬁqu {AHE 2D
o) 8 =By ) (o S s~ e S a s )

2) At - pKe:
(10“) A AIBC+ \/"f <Z+IH$VC r/lcx ’

(A4S + P)V2(f — d)g< 2 [HFAD

(10b) B = Biac+ (A+ 2+)(2++ _P)

Here the masses of the baryons are denoted by the corresponding particle
symbols. f and d denote the usual SU, antisymmetric and symmetric meson-
baryon coupling with f 4+ d =1 and f/d = 4. g = 13.45 is the pion-nucleon
coupling constant.

The task now is to compute {(B,|Hy"|B,>. RIAZUDDIN and FAYYAZUDDIN
calculated these matrix elements for noncharmed-hyperon decays using non-
relativistic SU, quark wave functions for the baryons. We repeat the same
calculation noting that the wave functions for A}, X° are obtained from the
corresponding strange hyperons by making the replacement s — ¢ (8). The
quark scattering diagram is shown in fig. 2.

c cos 8 _ s
d cos @ u

Fig. 2. — W scattering of quarks in the charm-changing nonleptonic weak Hamiltonian
density.

The effective H,, is the Fourier transform of the nonrelativistic limit of
fig. 2. This gives in leading order

(11) Hy = = G cost 0, S (a7 Bt + frog)(1 — 6,06;)0%(r)
ﬂ >3

(®) J. Finyorp and F. RAVNDAL: Phys. Lett. B, 38, 61 (1975).
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and Hy™ = 0. Here o; and ] are operators which, respectively, transform
a ¢-quark into a s-quark and a d-quark into a u-quark. Working out the spin
and unitary-spin components of the various constituent quark baryon transi-
tions, using the nonrelativistic SU; wave functions (), we find

1

(12) (EHHGAS) = A|HF |23 = Ve

ctg OoCp|HG |27,

where (p|H%"|Z")> is the trangition matrix element evaluated by RIAZUDDIN
and FAYYAZUDDIN (»2). Thus

276G cost e
13 2+ HpAc' Aj = *'T‘C 2 _ A (%—A——)
( ) < I v l > 8\/123?“,; ( ) 1 - m/ms cons ’

where «, (¢ ~ 1 GeV) ~ 0.5, X, A denote the masses of the respective baryons,
i and m_ are the constituent masses of the nonstrange and strange quarks,
respectively, with 7 = 340 MeV and m, = 510 MeV.

<Y

a d

Fig. 3. — Quark diagram for A} — An+.

The factorization or quark diagram contributions to A} — An*+ and A} —pKe
are given in fig. 3 and 4, respectively. The decay amplitnde for fig. 3 is given

-— }Ro
\\—\\\’\<
u
At T m o
d d

Fig. 4. — Quark diagram for AT — pK°.

(*) W. THIRRING: Acta Phys. Austriaca Suppl., 2, 205 (1965).
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by

16 cos2

(14) ‘n[fac = 9

Frq#< AT (50) | AL

To obtain the amplitude for fig. 4 it is convenient fo perform the Fierz
transformation

3

(15) Y @ d)Ee) = 3 (Fd) (@i ed) .

1,5=1 7,9=1

This equation is valid for ¥V — A currents and Fermi statistics of the quarks.
It transforms the Hamiltonian to a form containing neutral V— A4 currents.
Because the particles are colour singlets, the amplitnde corresponding to fig. 4
is obtainable from the effective Hamiltonian

(16) @ cos? 0y~ ((Ed)(ﬁe) + h.e.),

2\/_

where we have included the colour suppression factor 1. Thus the amplitude
for fig. 4 is

an M= — 0 ey uiplrtemo sy

The current matrix elements in (14) and (17) have been related by BURAS (7)
to the measured form factors of current transitions involving known baryons.

4. — Results.

Finally we get
1) A - Ant:

(18a) A=— (i:irOOSEOCHi*(qz)(Ac—A) y

(180) B = D oosto, mitg A+ 4) +

+3 P e g E- ) ()
A, 3/ cons

. 1 —jm

1 1
'((Ac— SHA+ ZH T (Z— A+ 23)) ;

17 -~ I¥ Nuovo Cimenic A,
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2) At - pKe:

(19"’) A = A)c},\f;{g cos? 6CH$*(Q2)(A(:_ -P) -
27 G cos? O m?
Ti6vE mmfe - (1 —m/m)
@
(196) B = 2\% cos? 0 H3*(¢?) (A~ P) +
9 Geostl M2 A+ P
TE8VE e, W& A (1 - m/m) A —ZHE 1 P)°

As described in ref. (") the ¢* = 0 values of the form factors H3* and H3*
are fixed from the vector and axial vector form factors of known baryons

(20) HP0) =1, H*0)=g,(f,+ }d,) -

We take g, = 1.254 and f,/d, = 4. Following KORNER et al. (1*) we use the
invariant form factors H:*(q*) and H3*(¢") to continue from ¢> = 0 to ¢* = m2,
where m, is the mass of the relevant pseudoscalar meson, i.e. either m,. or m_.
We use the standard dipole form factor of the form

qﬁ —2
(1 - mﬁ‘.m.)

with mg = 2.14 GeV and m,. = 2.006 GeV. Since nothing is known about
the mass values of the axial vector mesons F, and D, that appear in the form
factors H3*, we use the same mass values for these as for D* and F*.

The theoretical values of the partial widths I" for A=+ and pK° are com-

pared with the experimental values and with other calculations in table I ().

TaBLE I. — Partial widths for AT — An+ and pK® in units of 1011571,

r Experiment Quark MIT bag (1) Current
model (19) algebra,
present
calculation
A — Axt 0.54+ 0.5 0.8 too large by 0.77
a factor of
35
AF —pKo 1.00%4:3¢ 8.9 1.40 1.64

(1) J. G. Kor~NER, G. KraMER and J. WiLLroDT: Z. Phys. C, 2, 117 (1979).
(1Y) D. EBerr and W. Karries: CERN preprint TH. 3598,
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We see that our model fits the known experimental results better than
either the quark model calculations of Korner et al., which seriously over-
estimates the width for the pK® mode, or the MIT bag model calculation, which
seriously over-estimates the Ant mode by a factor of 3=5. Our results are well
within the experimental errors for both modes.

However, there is a caveat to these claims. We have not included possible
short-distance effects of strong-interaction QCD. The appearance of a new
term (8d) (We) (neutral current) interaction is expected from the short-distance
expansion of the W-boson exchange amplitude in an asymptotically free gauge
theory of coloured quarks. One obtains the effective Hamiltonian (12)

1

(21) A= 57

G cos? 0, {0,(ud)(5e) + Cpfsd)(ue) + h.c.}.

The new effective Hamiltonian will change the quark diagram amplitude for
Af — An* (fig. 3) by the factor €, + % €, and the amplitude corresponding
to fig. 4 by the factor €, + 3C,. Though these effects are appreciable, they
are not as significant as the effect of employing HY, of eq. (21) in evaluating
the matrix element (Z*[H%"|AY). Using the values of €, and C, preferred
by KORNER et al., C, = 1.315, ¢, = — 0.585, we find that the matrix element
(E*|HY | AT is enhanced by a factor of 1.9. The total effect of including these
short-distance factors is to significantly inerease the widths for both decay
modes to

Loy =1.61-10" 51 and [go= 2.87-101 1,

which are too large as compared to the experimental values. However, we
notice that the ratio of the decay widths still very fits well (table II).

TaBLE II. — Ratio of partial widths R = I'(Axt)/T'(pK?).

Experiment Without short- With short-
distance factors distance factors
R = I'(An+)/T'(pK®) 0.54 0.47 0.56

The conclusion we reach is that the unmodified Hamiltonian gives very
good results, whereas the QCD-corrected effective Hamiltonian dees not fit
the experimental rates. The modified Hamiltonian also does not give as good
results of eharmed-meson decays as obtained by ignoring short-distanee correc-

(%) M. K. GaiLrarp, B. W. Leg and J. L. RosNER: Rev. Mod. Phys., 47, 227 (1975);
J. Exris, M. K. GaLLarp and D. V. NaNorPouLos: Nucl. Phys. B, 100, 313 (1975);
G. Avtarerrt, N. Caeiseo and L. Matant: Phys. Rev. Lett., 35, 635 (1975).
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tions (33). As suggested by GUBERINA ef al. (**) one possible solution would
be to include the effects of soft gluons. However, our results are a significant
improvement on earlier calculations.

% ok %

The authors are grateful to Profs. RIAZUDDIN and FAYYAZUDDIN for very
helpful discussions. They also thank Prof. ABpUS SALAM, the International
Atomic Energy Agency and UNESCO for hospitality at the International
Centre for Theoretical Physics, Trieste.

() M. D. S8capron: University of Arizona preprint (1983).
(3%) B. GUBERINA, D. Tapi¢ and J. Trampe1IC: Z. Phys. O, 13, 251 (1982).

® RIASSUNTO (")

8i calcolano i tassi di decadimento non leptonico A} — pK® e A¥ — Ax* per mezzo
dell’algebra delle correnti ed anche una valutazione dell’elemento di matrice
(B,|H%*|B;> usando funzioni d’onda ST, non relativistiche. 8i trova che i risultati
gono in buon accordo con l'esperimento. I risultati sono anche confrontati con pre-
cedenti calcoli del modello dei quark e del modello a sacca del MIT.

(*) Traduzione a cura della Redazione.

Henenronnnie cnadble pacnaibl 09apOBAHHLIX OAPHOHOR.

Pestome (*). — BBIMUCIAIOTCA HHTEHCHBHOCTH HENENTOHHBIX pacmamos A —pK® u AT~
— Am*, HCnome3ys anrebpy TOKY M OLICHKY MaTpH4HOTO 3neMenTa (B, Hy|B,> ¢ noMompo
HEPEISATHBACTCKHX BOMHOBBIX GyHkmmif. IlosnydyeHHBIE PE3yNbTaThl COINIACYIOTCA C JKCIIE-
pUMeHTOM. Pe3ynbTaThl Takke CPAaBHHBAIOTCHA C BBIYUCIICHHAMH B paMKaX MOJEIH KBap-
xoB ¥ MIT Mmopmenu « Meroka ».

(*) Ilepesedeno pedaxyueii.



