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ABSTRACT

Soft theorems of current algebra are consistently applied to D — K decay
amplitudes from which D*, F* and K* pole contributions have been removed.
The K* pole, ignored in previous calculations, represents the contribution of the
flavor annihilation channel. The net effect is an improved, though not entirely

satisfactory, understanding of D — K= data.
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1. Introduction

Now that the new Mark I1I data' reconfirm that (D® — K °x°) is not color
suppressed,2 it is time to examine the effect of heretofore ig}lpred “helicity-
~ suppressed” W-exchange quark graphs on the theory. A recent model-indepen-

dent analysis3 of D — K decays based on the following two branching fractions 14

Roo = I'(D° - K %% /T(D° - K~ n%) = 0.35 £ 0.07 £ 0.07 (1a)

Ry =T(D° - K~x*)/T(D* > K°%)=3.7+£1.04£0.8 (1b)

(where in the latter we have used rp+/7po = 2.5+0.6) finds that: (1) real ampli-
tudes cannot fit the two ratios in (1a) and (1b) simultaneously, and (2) a sizeable
W-exchange (non-spectator) contribution is needed to lift color-suppression. In
this paper we first apply the standard current algebra techniques combined with
P-wave vector meson F** and D*° pole graphs but also include, in the spirit
of using vector mesons only, the K* pole graphs in flavor annihilation channels.
Though on-shell this contributions is “helicity-suppressed”, it is not a priori ob-
vious that the application of soft-theorems will not result in some constant con-
tribution as a remnant of the K* pole. We find that the K* pole nevertheless
approximately decduples from the final on-shell decay amplitudes and is thus

effectively helicity suppressed.

The result of this procedure can, however, lift color suppression to a degree
and come close to explaining the two ratios in (1a) and (1b) for a color-enhanced

to color-suppressed F* to D* transition ratio about —2.5. One naively expects the

absolute magnitude of this ratio to be 3. Furthermore the self-consistent current



algebra-PCAC requirement forces the amplitudes in the approximate “vacuum-

saturated” quark spectator minus color-suppressed quark spectator form em-
ployed in Refs. 5 for all two-body weak decay amplitudes to match favorably the

-

observed scales. One exceptidn is the-(D0 — K %79 mode.

In Section 2 we develop current algebra-PCAC theorems for D — K decays,
introducing all possible P-wave vector meson pole graphs. These pole graphs
account for the rapid variation of the amplitude as one of the particles is taken
off-shell. The background, once the pole contributions are subtracted, is assumed
not to have any energy dependence. After noting that the K* pole in the “flavor
annihilation” channel does not contribute significantly to the final on-shell D —
Kr amplitudes, we attempt to match the decay rate ratios to (1a) and (1b)
and find that a near fit is obtained with a F* to D* transition ratio of ~ —2.5.
Next in Section 3 we show that the PCAC consistency requirements are identical
to vacuum saturation of quark spectator and color-suppressed spectator graphs.
We then predict the scales of the three decay amplitudes (D® — K~x%), (D° —
K°7° and (D* — K ).

We summarize our analysis in Section 4 that we have tried to constfain the K*
péle in the flavor-annihilation channel by current algebra and PCAC and find that
its contribution to D-decays is minimal. This analysis generates approximately

the correct scale for all two-body D-decay amplitudes except (D° — K °x0).



2. Current Algebra-PCAC Theorems for D — K«

In what follows, the D-meson will always be kept on mass shell, with pf) =
mf), where pp = D-meson 4-momentum. The Nambu-Goldstone bosons 7 and

K will be taken off mass-shell with 4-momentum a,lwayg co;lservéd, PD = PK +DPx,
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smooth as it spans the resonance region. We account for the rapid variation of
the amplitude Mp in this extrapolation by vector meson F*, D* and K* poles
shown in Figs. la-lc. The expectation is that the background amplitude M
in M = Mp + M is smoothly behaved. The on-shell amplitude can then be

computed in the usual manner®
M°" = Mp* + Mcc — Mp(0) (2)

where Mp(0) denotes the soft # or K meson pole amplitude. The charge com-
mutator amplitude Mo is obtained from the PCAC relation, for example with
pr — 0 and f, ~ 93 MeV,

)

MCC = - (W’Kle |D>p,—»0 = (f
w

) (K|QLHWID)  (3)

- combined with [Qs, Hw] = —|[Q, Hw] for Hw built from V-A left-handed cur-

rents.

The vector meson pole graphs of Fig. 1 in the limit py — O correspond to

2 _ m?
(Mp — Mp(0))F- = Mpp. oc "2 ™k) (n*|Hw |F**) (4a)
’ m%‘.
(Mp = My(0))p- = =% Mppr o =72 (R|Hw D) ()
! o



m% — m? m? — m? .
(Mp — Mp(0)) k- = —(—-”Tn—z——"—) Mp- o —ﬁ—”m—%—") (K*°|Hw|D° Y40)
K -

If we instead take the limit, px — 0, then (4) is replaced by

— - -

. 2 2
Mo — L =—__ Tk v DK (A ++
(Mp — Mp(0))F- = sz_m% Mpy. m%-. <7r |Hw |F > (5a)
2
m —_
(Mp ~ Mp(0))p- = Mpp- « —2 (K°|Hw|D**) (58)
mD.
| m?, + m¥ m% +mk /-0 0
(Mp — Mp(0)) k- = —2——%& Mpy- o« — 2K <K |Hw |D > . (5¢)
mK mK‘

In (4) and (5) Mpk- represents the K* pole term with similar definitions for

Mpp- and Mpr-. We have neglected m2 compared to m2, in (4) and (5).

It is interesting that while the naive vector meson F* and D* pole model
is recovered in (4a) and (5b), the “helicity-suppressed” (or “mass-suppressed”)
K* pole graphs of Fig. 1c is significantly enhanced by a factor m%,/m% ~ 14
in (3c) and (4c). In quark language this means that while the spectator and
the color-suppressed spectator graphs of Figs. 2a and 2b remain unaltered, the
contribution of K* pole in the annihilation channel, Fig. 2c, is enhanced to
the level of other quark graphs. But in spite of this effect we shall see below
that the K* pole contribution will nevertheless be suppressed in the physical

on-shell amplitude due to a consistency requirement imposed by current algebra

and PCAC.

To see how this happens quantitatively, we work out in detail the current
algebra-PCAC analysis (2)-(5) for the (D° — K~n*) amplitude M~*, the

(D° — K °°) amplitude M® and the (D* — K °x*) amplitude M°* as p, — 0.
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This leads to the following on-shell physical amplitudes,

2 _ 2
2 _ 2y A
- tgy (mjim;:.x) < R\ Hy |D°> (6a)
00 t =0 0 (sz—mg() -—*0 0
M =~ (KOUHwID®) — gy =3 55 (K*°|Hw|D°) (68)
MHO ! 70 0 (m%_""}() + «t
=~ (K °|Hw|D°) - gy L (vr |Hw |F ) s (6¢)

where g, is the VPP SU(4) coupling constant and m? has been neglected com-

pared to m? 5 throughout. Note also that the AJ =1 isospin sum rule
Mt 4+ V2 M® = M*° (7)

is identically satisfied by (6).

If we instead take the limit px — 0, then current algebra-PCAC leads to the

following on-shell matrix elements,

Mt =—

[(T{_Ole |D0> + <7r+IHW IF+>]

S
=

2

(w1 ) - gy TBETE) (R D) (s0)

+ v
V2 V2 mik.

3
yy

M =~ (R°Hy|D%) - ¥ mp (R °|Hw|D)
_ 2f mp.

4 8 (mp ¥ i) = mi) (B |Hw|D°) ' (86)
2 Ko



2 -
M = - (x*|Hw|F*) + 22 DK (x*|Hy |F*)

V2 [k V2 mi.
2
_ 9% ™p /o +0
75w <K |Hw|D ) . (8¢)

Again (7) is identically satisfied by (8).
Since the on-shell amplitudes must be the same, no matter whether px or pr
is made soft, inspection of (6) and (8) shows that the following PCAC-consistency
conditions must be valid:
1

L at W IFY) =gy T2 (x| Ha|F) (90)
fx v V mi. W

2
1 J—— m —-—
— (K°|Hw|D%) = D (KO Hy|D*° 9b

m}
m?.

2 (R°/Hw|D®) = -9y 2 (K"|HwD°) . (9e)

~where 1/f = % (7}: + 71;) With fx/fx = 1.25, which we use throughout,

f=/f = 0.9. Before studying the significance of the identities (9), we first substi-

tute (9) back into (6) or (8) to obtain the final on-shell D — K7 amplitudes,

2
iM(D° - K~n%) = — (1 - ﬂzfi) F

V2 fk mp,
SlG-R) ke
iM(D° - K%%) = % [(fz_, — ;) + ; g’% D (10b)
- iM(D* - K ) = \/ilfx (1 - %%) F+ \/ilf, D (10¢)



where we have defined
F=(n*|Hw|F*) D= (K°Hw|D°) . (11)

We note that although the K*-pole term, signalled by (9c) is enhanced to
the same size as the D* pole graphs (s1gna.lled by (9b)) its effect in the on-shell
amplitudes (signalled by 1/f terms in (10) is minimal, largely cancelling against
the charge commutator terms in (10a) and (10b). The net effect is close to a model
with only F* and D* poles (i.e. spectator and color-suppressed spectator quark
graphs). For reference, in a model with F* and D* poles only and unconstrained

by current algebra, (10) is replaced by (where (9a) and (9b) are used),

iM(D° - K~ 7%) = ! (1 - Ti{—) F (12a)
V2 fx m,
iM(D° — K% = 2_1;, (12b)

iM(Dt - K%*) =

1 m?, 1
vl (S 52;) P+mR?

The ratios Roo and Ro of (1) now depend on the ratio F/D defined in (11).
In Table I we have tabulated Ry and R4 as functions of F/D. We notice that
for F/D =~ —2.0 to —2.5, color suppression of Ry is partially lifted and we come
close to a simultaneous fit to Ry and Ro;. A fit to Ry requires F /D closer
to —2.0 while Ry requires it to be closer to —3.0. A magnitude of 3 for F/D
corresponds to the color-suppression of (K °|Hw|DP) relative to (n*|Hw|F*)
as expected.2 Even the relative sign is anticipated once one apprecia,tes5 that
while Fierz reshuffling of quark fields in Hy gives2 F/D = 3, the extra minus
sign enters this ratio due to the Cartesian phases of hadron states in the strong

(Ademollo-Gatto) coupling at the vertices (K ~|V,|D°) versus (x+|V,|D°).
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3. Vacuum-Saturated D — K Scales

In this section we test thé scales of the three amplitudes in (10) by using
vacuum saturation. In Refs. 5 and 7 the authors have discussed the scale of
_the vacuum-saturated amplitudes for K* — n*tx% and D — K7 decays and
shown that a satisfactory fit to the K — 27 and D — K7 amplitudes is obtained

through vacuum saturation of the matrix element.

We begin by demonstrating that vacuum-saturation does indeed imply the
consistency conditions of (9). More specifically, we assume the usual form for

Hw constructed out of left-handed currents,
Hy = 2F (JLT# + T (13)
2v2

Vacuum-saturating the left-hand-side of (9a) leads to

i + +y_ t Gr +1 4t +
_— Hy|F*)= — —— Aljo) (ojA*|F
7o (ntHw|F*) =+ = (n¥14Ll0) (ol4*|F*) »
’ l4a
- JxfF GFr 3 2
=1 — C
fK \/’2— 1P
and
F= (7r+|Hw|F+)-— (3.57 x 107% GeV) (14b)

\/_

where ¢; is the cosine of the Cabibbo-mixing angle and p? = m% for D-decay on
shell. The right hand side of (9a) involves the F** — x* transition amplitude

(note that in defining the matrix elements involving vector particles in (6) and

8) we have already factored out ¢ - p where ¢, is the polarization 4-vector and
m
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pu the 4-momentum of the particle) appearing in the amplitude
A(F*t -2ty = <7r+|Hw[F‘+> (e-p) . (15a)

With vacuum saturation one has with J =V — A,

A(F** o gt 2\/_ (r*] - agi0) (ov¥iF**)
(15b)
GFC1 ; . mF.
/3 (ifx) (e~ p) Paal
Comparing (15a) and (15b) we obtain
(x*|Hw|F**) = 2 7 A5 "‘F‘ (16)

Then (14) and (16) lead to (9a) in the approximation fr = fk. Similar analyses
likewise lead to (9b) and (9c¢).

Returning now to the decay amplitudes in (10) but with fr # fx, we can
compute their magnitudes using the scale of F set by vacuum saturation (14)

and an assumed F/D ratio. The magnitudes of the amplitudes are then given by

M| = SrtIrmpIe [(—1—+ 12) (1— m—Z‘) . D] (17a)

2 fx [ F mp f« F
Gret 1r 2 2
Moo| = ch,:/impfr [_;:_% (l_fr:_g)] _? (175)
_Gpetfymifr [ 1 m3 1 D
|Mo| = 2 [TE (1 - ;n—%—)) + 5 74,—] : (17¢)

In Table II we have listed the numerical values of those amplitudes for differ-
ent values of the ratios F/D and fr/fx. In SU(4) breaking fr/fr could be®
Vme + mg/\/2my ~ 1.73.
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The “experimental” amplitudes calculated by us are

|IM_4|exp = (2.51 £0.22 & 0.24) 107° GeV (18q)
|Moolexp = (1.51 £0.18 £ 0.17) 107 GeV ~ (18b)
| Mot |exp = (1.37 £0.15 £ 0.11) 107% GeV . (18¢)

In computing these amplitudes we have used®

D+ = (8.9 £0.9) 10713 sec (19a)

Tpo = (3.8 £0.3) 10713 sec (19b)

and the two-body branching ratios in (1) from Ref. 10.

The scales computed by us with fr/fr = 1.73 and F/D = —3 are reasonable
except for Myo which is too low by about two standard deviations. One could

raise Moo by using F/D = —2.0 but then My would be lowered further while

M, _ would rise slightly.

4. Conclusion

Since helicity sﬁppressed quark graphs are usually ignored in D — K decays,
our goal in this paper was to introduce W-exchange (flavor annihilation) diagrams
into the theory in a systematic manner. The application of soft theorems of
current algebra to D — K decays entails large extrapolations through kinematic
re-g—ions populated by resonances. We assume that the resonant behaviour is

approximated by vector resonances, D‘,ﬁ F*,and K*, and apply the soft-theorems

11



to a smooth amplitude from which the resonant parts have been removed. We
expect this to be a reasonably reliable procedure to incorporate K* in the theory.
The final amplitudes so obtained, Eq. (10), differ slightly from those predicted
by a model with D* and F* poles alone and unconstrained by current algebra,
Eq. (12). The net effect is to lead to an improved, though not a completely

satisfactory, fit to the ratios Rpo and Ro+.

Proceeding further we evaluated the magnitudes of the three amplitudes, the
scale having been set by vacuum saturation of the matrix element F defined
in (11). Since a simultaneous fit to Ry and Ry, could not be secured we find
that the theory reasonably well explains the magnitudes of (D° — K~ n%) and
(Dt — KO°r%) amplitudes, but the troublesome (D° — K °7°) amplitude is
about 2 standard deviations below the experimental value.

We, therefore, deduce that the inclusion of the flavor-annihilation channel
through a K* pole in the theory in a consistent manner leads to an improved
understanding of the data. Nonetheless we would expect future experiments,

particularly on the mode (D° — K °x%), to clarify the situation.
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Table 1

F/D Ry Ros

—2.0 025 11.45
—21 023 943
—2.2 021 80
—23 019 6.94
~2.4 018 6.15
-25 017 553
—26 015 5.0
—2.7 014 463

Table 1I

All ampltiudes in units of 1076 GeV.

fr/fx F[/D |M_y| |Mo| |Mo+]

1.25 —-2.0 1.84 0.92 0.54
1.25 —-2.5 1.80 0.73 0.77
1.25 -3.0 1.77 0.61 0.92
1.73 -2.0 2.77 1.26 0.76
1.73 -2.5 2.72 1.01 1.07

1.73 -3.0 269 0.84 1.27
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FIGURE CAPTIONS

1. Vector meson F*, D* and K* pole graphs for D — K= decays. The cross

within the circle represents weak transition.

2. Equivalent quark spectator, color suppressed spectator "and W -exchange

quark graphs for D — K decays.
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