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1. INTRODUCTION

Extensive data on two-body Cabibbo-Angle favored decays now exist! for
the channels D — PP and D — V P. The data confirm that D° — K°#° is not
color suppressed and that theré is evidence of perhaps a larger degree of color
suppression in the modes D° — K°° and D° — K*°7n°. The relevant ratios

arel'?3 (these are 1984 numbers; new MARK III numbers should be available

soon):

Ry =T(D° — K°7°)/T(D° - K~ nt) =0.35 £ 0.07 £+ .07

(1)

Roy =T(D° - K »%)/T(DT - K°»%) =3.7 + 1.0 £ 0.08

I'(D° — K°°)/T(D° - K p*) =0.16 + 0.06 + 0.04
I'(D° - K~ pT)/T(DT — K°p%) =2.16 + 0.7 £ 0.37

I'(D° — K*°x°)/T(D° - K*"n%) =0.11 + 0.04 + .05
(3)
I'(D° - K* n7)/T(D" - K*n%) =6.66 + 4.3 £+ 34

We have used 7p+/7po = 2.5 + 0.6 (all statistical) in (1), (2) and (3). A
model independent analysis* of the D — K7 data has shown that (i) complex
amplitudes are needed to fit the data and (ii) non-spectator processes play an
important role. With the latter point in mind the problem of D — K7 decay
was investigated® in a vector pole model constrained by current algebra. A near-
fit to the data was obtained with real amplitudes. After unitarization of the
amplitudes through final state interactions the authors of Ref. 5 obtained a fit to
the data®. In contrast the data on D — pK and D — K*7 are not yet accurate
enough to require complex amplitudes. D — PV decays will be the subject of a

future publication.

In the present paper we have studied the two-body Cabibbo-angle favored

D — PP decays from a dispersion view point, including the flavor-annihilation

2



(W-exchange process) which is usually argued to be helicity suppressed. We
investigate the role of these channels and the circumstances under which the
annihilation channel could become important. The reader is referred to earlier
investigations, similar in spirit, by Fakirov and Stech?, Milosevic, Tadic and

Trampetic® and Riickl.

Section 2 of this paper deals with D — K decays. It is pointed out that
if the hadronic matrix element of the divergence of the weak current satisfies a
once subtracted dispersion relation then the flavor-annihilation amplitude could
become large. This, then, lifts color-suppression of D° — K°zn° giving a near-
fit to the data with real amplitudes. Sections 3 and 4 deal with D° — K°p
and D° — K°p' decays respectively. In Section 5 we unitarize D — K= decay
amplitudes through final state interactions and obtain a fit to the data. The
prescription for unitarization used here is the simplest one can think of. The

conclusions follow in Section 6.

2.D — Km

The hard gluon corrected Hamiltonian for the Cabibbo-angle favored charm

decays is,

Hy = ZF cos?d, T (Cr+ 0 (ad)(3e) + 5 (Co —C) (@)(5) | (4

V2

where (@d) etc. represents the left handed hadronic current, 8. is the Cabibbo-

angle an C; and C_ are taken to be 4
Cy =069, C_=209, CiC_=1 (5)

Sandwiching the Hamiltonian (4) between the initial and the final states and

linking up the quark lines in all color-singlet combinations, one obtains the decay



amplitudes in the factorization approximation (details are provided for D° —

K~ 7% channel only),

A(D° — K%)= Cy(*|(ad)]0) (K~ |(3¢) D°)

|+ Gyl K| (34)[0)(0](a¢)| D°)
where

Cy = % (2C4 + C_)
(7)

1
Cy = 3 (2C4 - C-)

The first term in (6) is the usual spectator (and color-suppressed spectator) term

while the second term is the flavor-annihilation term.

To proceed further we use
(0|(ae)|D°) = iv2fppf

(r*|(@d)|0) = —iV2frpy
and
(PilVE|Pe) = i fija[(pe + pi)* £+ (a%) + (px — i) - ()] (9)
where i, j, k are the SU(4) indices and g* = (p — pi)~.

In evaluating the matrix elements in (6) one encounters the hadronic matrix

element of the divergence of the vector current,

Gu(BIVEIRL) = ifije [(md = m) 1+ (6) + ¢ 1-(d)]
(10)
= i fijx fo(q?)
The scalar form factor, fo(¢?), is normalized such that
fo(0) = (mi — m})1+(0)

fo(q?) appearing in the first term in (6) gets contribution from a 0% state with
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flavor content 3¢, i.e., F,, while the second term gets contribution from a 0% state

with flavor content 5d, i.e. k (kappa)!®.

The final result for the D — K7 decay amplitudes, up to an overall constant
is%, .
A(D° — K~n%) = (C1fef3(m2) = Cafp f(mb)

Cy
V2

A(DT — K°nt) = (lerf(f"(m?r) + Cngng'(m%)>

4(D° — E°n°) = =2 (fxff*(m¥) + IS5 (m})) (12)

Note that the Al = 1 isospin sum rule
A(D° - K~ 7%) + V24 (D° - K°n°) = A(D' — K°x) (13)

is identically satisfied.

The naive spectator model results are obtained from (12) in the limit f; =
fic, fE*(m2) = fP*(m%) and the neglect of terms proportional to f§(m%), the

flavor-annihilation channel contribution.

Let us next assume that fo(qz) satisfies an unsubtracted dispersion relation,

which would require f_(q%)to decay faster than 1/¢? asymptotically, then

F.( 2) — f+(0)(m%.7 — mg{)

0 1— ¢2/m2, (14)
and
for(m2) = £1(0)(m} — mk) (15)
Similarly,
D,(, 2 f+(0)(m“b mz)
0 (mK) 1 — m2 /mz
k/™p, (16)



and,

_ f+(0)(m} — m3)
T 1-m}/m?

f&(mb)

= —1.1£4(0)(mf — m7)

m

with!® m, = 1.35 GeV.

The factor (m% — m2) in (17) signals helicity suppression. Clearly fE(m%)

is helicity suppressed relative to f(f‘ *(m2) or fOD *(m%). Hence, if we assume
an unsubtracted dispersion relation for fo(¢%), and further assume that it is
dominated by a single particle pole, then helicity suppression is not lifted and

the non-spectator processes are not important.

It is clear from (10) that in an exact SU(4) limit, f—(¢?) = 0, helicity sup-
pression will always operate. However, SU(4) symmetry is broken and since
f&(q?) is required at ¢ = m,, it is quite possible that fi(m2) and f_(m2) are
comparable!l. Since f_(¢?) appears multiplied by mf) in f('f(qz), it is also quite
possible that m% f_(m%) would dominate over (m% — m2)fi(m%). We have
just shown, however, that so long as fo(q?) satisfies an unsubtracted dispersion

relation helicity suppression is unlikely to be lifted.

Let us assume, next, that f_(g%) decays no faster than 1/¢® asymptotically.
fo(g®) then satisfies a subtracted dispersion relation. Let us assume further, that

fo(q?) satisfies a once-subtracted dispersion relation such that,

F,
TR (@) = 110 — md) + L (18)

q2“mF

and
fo*(m2) = f1(0)(m} — m¥k) (19)

unless, of course, Af is unusually large. Notice that (19) has not changed from

the unsubtracted value (15).



Similarly,

D,(,2 2 2 AD-g?
fo ' (@) = f4+(0)(mp — mz) + 55— (20)
g —mp,
and
£ (mk) = f4(0)(m} — ml) (21)
which is also the same as in (16).
However,
| (2 _ 2 2 Mg
fo(g°) = f+(0)(mk — mz) + & —m2 (22)
K
and
k(o2 _ 2 2 Amd,
F5(mb) = £+ (0)(m — m2) + 2 (23)
D K

If we look for solutions with the condition (A stands for any A in (18), (20) or

(22)

2,2
2 Al mp™b
my < < . 24
K 14(0) m¥ (24
then (19) and (21) will remain unaltered; however, for (23) we will obtain,
Am?
2V o D
f(')c(mD) ~ mZD _ migc (25)

It is now possible to lift the helicity suppression of the annihilation process.

The decay amplitudes are then,

0 =t 2 2 AmZD
A(D® — K~n%) = | C1fxf+(0)(mp — mk) = Cafp———

-2
_ C Am?
A(Do — K07r0) — 725 l:fo+(0) (sz — m?r) + fpﬁ] (26)

A(DF — K°nt) = [C1faf+(0)(m} — m¥k) + Cafxf+(0)(mb — m2)]

Note that in the limit fr = fx and m% — m2 =~ m} — m% ~
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neglect of flavor-annihilation terms, signalled by the parameter A, the usual color
suppression occurs, I'(D° — K°#°)/T(D° — K~ n%) ~ -1/2C2 ~ 1/50. However,
A > O raises both A(D° — K°n°) and A(D° — Knt). The percentage rise in
A(D° — K°w°) is larger since the two terms appear with equal weights. In
contrast, the anniililation term 1n A(D° — K~=t) is proportional to C; while
the spectator term is proportional to C;. Since C3/Cy &~ — 1/5, the percentage

rise in A(D° — K~ 7) is smaller.

In Table I we have compiled the ratios Roo and Ro4+ as functions of fp/fr
and A/ f4(0). Clearly, though one does not expect to fit both the ratios Ry and
Ry with real amplitudes, one comes close to fitting the data. The important
point being that helicity-suppression of the flavor-annihilation process is lifted.

In turn, this lifts the color-suppression of D° — K°n° decay.

3.D° — K°

We assume that # is a pure SU(3) octet i.e. n = %(uﬁ +dd — 2s3) = P, in

SU(4). In the factorization approximation,

A(D° — K°n) = C2[(K°|(5d)|0)(n|(ac) D°) + (K°n|(sd)|0)(0|(zc)|D°)] . (27)

Relating (n|(@c)|D°) to (x°|(@c)|D°) through the SU(4) rotation (9), one
obtains, up to an overall constant,

_ &

A(D° — K°n) = \/% [f P2 (mk) — 3fpfE(m})] . (28)

It is worth noting that the flavor-annihilation term is larger than in D° —
K°n° by a factor of /3. This is due to the fact that # has a s5 component while

7° does not.



However, the flavor-annihilation term may not be significant for two reasons.

12 and

First, one expects that it is harder to excite a ss-pair from the vacuum
second, kappa does not appear to couple to Kn channel!3. If the latter state-
ment is taken seriously then one does not expect the kappa structure in f§(q?)
appearing in (28) f&(g?) will be essentially structure-free and approximated by

it’s value at ¢% = 0,
f§(¢*) = f5(0) = f+(0)(mk — m}) (29)

Notice that due to the closeness of the K-mass to the n-mass the mass-

suppression is rather strong.

This argument will apply regardless of whether s3-pair is excited or not so
long as kappa does not couple to K°n. If the arguments made here apply then
flavor-annihilation will not contribute significantly to D° — K°n and one will

obtain,
A DO . KO ~ 02 2 2
(D° = K°n) =~ %fo+(O)(mD — my) (30)
Since A(D* — K°n™) does not depend on the flavor-annihilation amplitude

either, one can calculate:
B(D° — K°n)/B(D* — K°r%) =0.7 x 1072 (31)

where we have used 7p+/7p. = 2.5 and fg/fr = 1.2. In the naive spectator
model one expects the ratio of (31) to be 2.2 x 1072, The difference is due to

fr # fx and the inclusion of the pseudo-scalar masses.

If the flavor-annihilation term in (28) is not suppressed, and x couples to K°n
through SU(3), then the ratio in (31) could be larger by as much as two orders
of magnitude. A measurement of B(D° — Kn) will be quite a sensitive test of
non-spectator contribution to D° — K°yn. In Table Il we have tabulated B(D° —
K°n)/B(D* — K°n) as a function of fp/fr and A/f{(0). In anticipation of

9



the results of Section 5 we have allowed A/f(0) to be of order 10 GeV2. We
notice from this Table that B(D° — K°n) ~ (1 — 2)% signals a large flavor-
annihilation contribution. The reader is reminded that B(Dt — K°z%) is (2 -

3)%.

4. D° — K°p'

We assume 7' to be an SU(3) singlet, n' = %(uﬁ.-{—dd_—l— s8) = %(\/5P0+P15),
in SU(4). We obtain, in a fashion analogous to the analysis of the last section,
A(D" — Kon') = Ga{(R|(sa)]0(n'| ()| D%) + (R°n](5)[0)(0](ac) D7)}

C2
V3

fxf+(0)(m} — m})

(32)
The flavor-annihilation term vanishes due to the vanishing of the SU(4) struc-
ture function fi;x, as one WOuld expect from the appearance of dd and s3 with
equal weights in the n’. However, the same reasons which allow us to argue
away the flavor-annihilation terms in D° — K°n conspire to resurrect the flavor-
annihilation term in D° — K°n'. For example, if a s5-pair could not be excited
from the vacuum with the same probability as the dd-pair then the cancellation

of the flavor-annihilation term would not be complete.

In the approximation that the ss-pair is not excited from the vacuum and
kappa does not couple to the closed channel K%', such that f§(¢?) = f5(0), one

obtains,

A(D° - Eon') = 21114 (0)(m - my) + fpf+(0)(mi —mk)] . (33)

V3

If the flavor-annihilation is absent in A(D° — K°n'), that is, the amplitude
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is given by (32), then one obtains (using fp =~ fx),
B(D° — K°y")/B(DT — K°xt) = 0.58 x 1072 (34)
On the other hand using (33), with the flavor-annihilation terms present, one
gets
B(D° — K°y')/B(D* — K°7") =0.93 x 1072 . (35)

Thus this ratio is not a very sensitive test of the presence of annihilation

term, unless it can be measured very accurately.

5. FINAL STATE INTERACTIONS

Re-scattering in the final state endows the weak decay amplitudes with
phases. A number of authors!* have studied the problem of final state inter-

actions in D — K= decays.

Let us introduce the decay amplitudes, A; and Ag, for decays into I = 1/2
and 3/2 states and their phases §; and 63 as follows:

1 . .
AD° —» K~1%) = —(Aze™ — V24,
( ) \/3‘( 3 1 )
A(D° — E°1%) = —=(vZ A3 + Ape™) (36)

V3
A(DT = K°n™) = V3A43¢" |
If the scattering in the final state is elastic then the phase of the weak decay

amplitude is the scattering phase shift in the relevant two-body channel. The

effect is to generate a complex amplitude (z = 1,3),

A9 (0) = Aitso) exp {220 [ BB L)

n I — s0)(8' — s+ 1¢)

through the solution of Muskhelishvili-Omnes integral equation!®. s is a nor-

malization point and, in our case, we eventually set s = sz.
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If one parametrizes the partial wave scattering amplitude in the N/D form!®,

then the Muskhelishvili-Omnes function, the exponential in (37), is proportional
to D71(s). A real decay amplitude, ASO)(s), may then unitarized by final state

interactions through,

Ae)e0) = 40)(s) %((3) (38)

we choose sg, the normalization point, to be the 7K threshold so = (mg + my)?,
such that the phase vanishes at this point, as it indeed should, and A;(sg) =
Al (so). ‘

We begin by switching off the final state interactions and evaluate ASO) (s)

using (12) and (36) with §; = 0. We obtain (eventually we set s = m%)

AP(s) = —\/g (gclf”ff'(s,mi) - %szxfé)'(&mfr{) - szufcf(s,mi)>

AD(S) = S (C1tatl (s,m2) + Cafic S (5, )
(39)
where
fo(s,m2) = f4+(0)(s — mk)
1o (s,m¥k) = f+(0)(s — m3) (40)
A
fBlomt) = 2

We make a simplifying assurﬁption for D3(s). We assume that there is very
little re-scattering in the non-resonant I = 3/2 channel. Thus 63(s) = 0 and
D3(s) = 1. I = 1/2, 0% channel, on the other hand, resonates!®. The simplest
way to unitarize A(lo) (s) would be by the prescription (38) where D;(s) is chosen

to have a resonance structure. The unitarized form of (39) is then,

_ AP (5) (50 — md)

i51(s)
Ax(s)e (s — m2 + ivk)

(41)
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A3(s)e®() ~ AP)(s) (42)

where ~ is the reduced width of kappa and k, the 3-momentum in the 7 K center-
of-mass. We have chosen the subtraction point to be the 7K threshold, s; =

(myg + my)?, and

D(s) = (s — mk + i~k) (43)
Ryp and Ry are then calculated by using,

(1 + 2r2 + 24/2 rcos 5)

Ron =
00 (2 + 72— 24/2 rcos 8)

(44)

where 6 = 6; — 63 = 61 (in our case) and r = Az/A;.

The results are summarized in Table III. We chose rather a broad kappa,
v = 1.4 GeV, to generate 6, = 144° at s = m%. m, was chosen to be 1.35 GeV1°.
We get a fit to the data with A/f4(0) in the vicinity of 10 GeVZ, well within the
limits of (24).

A word about the effect of final state interaction of D° — K°p and D° —
K°n' is in order. Since these decays involve only one isospin amplitude and
thus only one overall phase, their rates are unaffected by final state interactions.
Further, since D — K°n* also depends on a single isospin amplitude, the ra-
tios B(D° — K°n)/B(D* — K°r*) and B(D° — K°n')/B(D* — K°nt) as
also B(D° — K°n)/B(D° — K°n') are insensitive to the details of final state

interaction.
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6. CONCLUSIONS

In this paper we have paid attention to Cabibbo-angle favored D — PP
decays only. The decay amplitudes were written down in terms of the matrix
elements of the hadronic weak currents in a factorization approximation. Single-
particle dominated dispersion relations were postulated for these hadronic matrix
elements. The naive spectator model results are recovered from this analysis
in the limit fr = fx and fOF ‘(ml) = f} ’(mﬁ() and the neglect of the flavor-

annihilation term proportional to f§(m%) in (12).

We showed that if f('f(qz), which appears in the flavor-annihilation chan-
nel only, satisfies an unsubtracted dispersion relation then color-suppression of
D° — K°#° is not lifted. On the other hand if f¥(q?) satisfies a once-subtracted
dispersion relation then it is possible to find a value of the new parameter, A,
introduced in (22) within the range required by (24), such that color-suppression
of D° — K°n° is lifted. Another way to see this result is that in the flavor-
annihilation channel f(g?), introduced in (10), appears multiplied by a mass-
suppression factor of (m% —m?2) while f_(¢?) appears with a large factor of mZ%,
Thus if f_(m}) & fi(m3}) then obviously f§¥(m?2) will be large and helicity-
suppression of flavor-annihilation process will be lifted. This, in turn, lifts the

color-suppression of D° — K°x°.

Experimentally, f_(¢?) is not accessible in D — Kfv due to the small
charged lepton mass. However, theoretical model calculations®!! favor f_ (m%)
comparable to fi(m%). Thus the conjecture that m% f_(m2%) might dominate

(m% — m2) f(mb) is very likely to be true.

We have also studied D° — K°p and D° — K°p' decays. Theoretically
these are, surprisingly, not very clean channels. For example, in D° — K°p
a straight forward SU(4) rotation applied to D — K amplitudes generates a
large annihilation term. This is due to the additional s§ content of . However,
SU(3) breaking makes the excitation of a s3-pair from the vacuum less likely12

than, say, a dd-pair. This alone would reduce the annihilation term by a factor
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of 3. Further, since kappa does not appear!® to couple to K% channel, one
expects f£(¢*) not to have any structure. If so, then f§(¢%) ~ f£(0) =~ (m? —
mf,) f+(0), which is vanishingly small due to the closeness of K-meson and kappa
masses. This uncertainty in handling the annihilation term can give rise to an
uncertainty of twok orders of maénitude in the rate for (D° — K°n). The ratio
B(D° — K°n)/B(D* — K°znt) will test the presence of annihilation term in
A(D° — K°n) since A(D* — K°n) does not have an annihilation contribution.
We have shown that with A/f;(0) in the region of 10 GeV? one can generate
B(D° - K bn) ~(1- 2)%. If experiments would measure the branching ratio at
this level, it would be an indication of a large flavor-annihilation contribution to
D° — K°n.

Similar uncertainties apply to the flavor-annihilation term in A(D° — K°7').
However, in this channel one would be surprised if B(D° — K°y')/B(D* —

K°r%) turned out very different from ~ 1072,

Finally we unitarized D — Kn decay amplitudes through final state inter-
actions and showed that it is possible to fit the data with the assumption of a
broad kappa meson in 0%, I = 1/2 channel. The method of unitarization used
here is the simplest one we can use (certainly not the last word on final state
interactions) and shows that once a mechanism for lifting color suppression is

found, it is possible to fit D — Kx data with final state interactions.

The approach employed in this paper is complementary to that used in Ref.
5 but couched in different, and hopefully more familiar, language. The approach
of Ref. 5 was largely algebraic where current algebra was used to constrain the
decay amplitudes. The approach adopted in this paper is analytic in nature
where dispersion relations are invoked for the hadronic matrix elements. The

particles are always kept on mass-shell.

Lastly, we treated C;/C3 as parameter. The values of C; and C_ used in
this paper imply C;/Cy ~ —5. If C_/Cy is allowed to rise (‘sextet dominance’)

then C;/C; moves towards —1. The precise relationship between C_/C, and
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CI/CZ is
C_ (C1/Cs —1)

=2

R (YA (46)

In Table IV we have listed Ry and R+, computed with final state interactions
(kappa parameter; as in Table IiI) and fp/fr = 1.2, as functions of C;/Cs. It is
evident that the effect of lowering the magnitude of C;/C; (equivalent to raising
the ratio C_/C4) is to simulate the flavor-annihilation term, since less and less

of it is needed (A decreases) to fit the data.
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Table I

Roo and Ry; without Final State Interactions

A/ f+(0)
fo/fr (in GeV'?) Roo Roy
1 5 0.15 4.96
1 6 0.17 5.78
1.1 5 0.16 5.36
1.1 6 0.18 6.30
1.2 5 0.17 5.78
1.2 6 0.19 6.84
1.3 4 0.16 5.12
1.3 5 0.18 6.21
1.4 ’ 4 0.16 5.44

1.4 5 0.19 6.66
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Table 1I

B(D° — K°p)/B(D* — K°rt) as a function of fp/fr and
A/ f+(0). Larger values of A/ f1(0) are used in anticipation of
the results of Section 5.

7/ £+(0) B(D® — K°n) |

fo/fx (in GeV?) B(D* — K°rn)

1 6 0.10
0.20

10 0.33

12 0.51

1.2 6 | 0.15
8 0.30

10 0.51

12 0.76

1.4 6 0.22
8 0.43

10 0.71

12 1.06
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Table III

Roo and Rp4 with Final State Interactions. Parameters used:

me = 1.35 GeV, ~ =14 GeV (6§ = 144°).

A/ £+(0)
fo/fx in GeV? Roo Ro+
1.0 7 0.18 3.38
0.19 3.85
9 0.20 4.34
10 0.21 4.86
1.2 7 0.19 4.04
8 0.21 4.65
9 0.22 5.30
10 0.23 6.00
1.4 7 0.21 4.75
8 0.23 5.53
9 0.24 6.36

10 0.25 7.25
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Table IV

Ry and Ro4 as functions of Cy/Cy. Final State Interactions
included. fp/fr = 1.2. Kappa Parameters as in Table III.

A/1+10)
Cl /Cz (1n GeVZ) Roo R0+
-5 7 0.19 4.04
0.21 4.65
9 0.22 5.30
10 0.23 6.00
-4 5 0.20 4.30
6 0.22 5.17
0.24 6.13
-3 3 0.21 4.9
4 0.24 6.4
-2 0.5 0.23 5.60
0.6 0.23 5.96

0.7 0.24 6.34
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