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Analysis of charm =PP based on SU(3) symmetry and final-state interactions
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It is shown that SU(3) symmetry together with final-state interactions goes a long way toward
understanding all the decay modes of the kind (D+, D, D,+)~PP. The data are consistent with a
small SU(3) breaking. Several predictions of the branching ratios into different decay modes are
made.

A great deal of good-statistics data now exist' on the
tvvo-body decays of D, D+, and D,+ (old F+) mesons.
On the theoretical side considerable inroads adopting dif-
ferent approaches in understanding these data have been
made. In this Brief Report we have investigated all
the Cabibbo-angle-favored and the Cabibbo-angle-
suppressed decays of D, D +, and D,+ with two assump-
tions: (a) the decay amplitudes are SU(3) symmetric '
and (b) that the final-state interactions simply rotate the
amplitudes. " One advantage of this approach (as is also
the case in the analogous approach of Ref. 7) is that it re-
lates the parameters of the Cabibbo-angle-allowed and the
Cabibbo-angle-suppressed decays and allows us to make
fairly firm predictions within the scheme. The weakness
of this approach is that SU(3) breaking enters only
through final-state interactions. Furthermore, final-state
interactions do not simply rotate the amplitude but also
alter its magnitude through the principal part of the
Omnes function' {or the absorptive part of the phase).
This we disregard since there is no simple way to calculate
such effects short of doing an intractable multichannel
calculation. The general structure of the AC=1 decay
amplitude for charm decay into two pseudoscalar mesons
is given by'

A(charm~PP) =c(Pg P~P")H(b, ) +d(P, P~P )H(b~)

+e (P P P )H j(b, )
(1)

We follow the notation of Ref. 10. P' is the C=1 triplet
(D,D+,D,+); Pb is the pseudoscalar nonet. We ignore

mixing throughout. H ib, i represents the weak
spurion belonging to the 6-dimensional representation of
SU(3) and H (b, )

to the 15*-dimensional representation of
SU(3). For Cabibbo-angle-favored decays Hb, =H» and
for Cabibbo-angle-suppressed decays Hb, ——H &3 H ]7.

a 3 2

The coefficients c, d, and e contain the QCD correction
factors. We anticipate that (d, e) ((c due to sextet domi-
nance.

In Tables I and II we have listed all the decay ampli-
tudes with and without final-state-interaction phases. We
notice that apart from the phases all the decay amplitudes
can be expressed in terms of four parameters:

A=c+d+ —,B=c—d+ —,r=, p= . (2)
e e 4e 4e

3 3 3A 3B
We are omitting the details but these parameters arise
naturally from the isospin structure of the decay ampli-
tudes. Our analysis is summarized in the following sec-
tions.

TABLE I. Cabibbo-angle-favored decays. Symbols: A =—c +d +e/3, B =c —d +e/3, r =(4e/3A),
p =(4e/3B), 6 =5i/2 —53yp, 6 =6p —52, 5:—6p —5],FSI:—final-state interactions. A factor of
cos 0~ is omitted.

Mode

D' ~+K—

gK

q'K

D+ ~+K '

K+K'

SU(3)-symmetric
amplitudes

A(1+r/2)

—(1/V 2)A(1 —r)

—(1/V 6)A(l —r)

(2/V 3)A (1+ r /8)

2e

—B{1—p)

—(2/V'6)B(1+p /2)

—(2/V 3)B(1—8p)

Amplitudes with FSI

A exp(i5, i~)[1+(r/2)exp(i5 )]

—(1/V 2)A exp(i6iiq)[1 rexp(i6 —)]

—(1/V 6)A exp(i 6~iiq )(1—r)

(2/V 3)A exp(i 5~iiq )(1+r /8)

2e exp(i63/2)

0 (forbidden by isospin)

—8 exp{i6l )(1—p)

—(2/V 6)B exp(i5'( )(1+p/2)

—(2/V 3)B exp(i Vi )(1——,p)

'This assumes a nonet symmetry. g-g' mixing is ignored.
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TABLE II, Cabibbo-angle-suppressed decays. Symbols: As in Table I. A factor of sinO~cosO~ is

omitted.

Mode

D -~+~-0

SU(3)-symmetry
amplitudes

3 (1~r /2)

3 (1—r)

—3 (1+r /2)

Amplitudes with FSI

A exp(i5O )[1+(r/2)exp(i5 )]

A exp(i5O )[1—r exp(i6 )]

—
z A(1+r/2)[exp(i50 )~exp(i5, )]

—
z A (1+ r /2)[exp(i 50 ) —exp(i5~ )]

D+ ~+~'

D+ a K+

—2 (1—r)

—(1/V 3)A(1 —r)

—(2/V6)A (1~ r /8 )

V 2A (1+r /8)

—V'2e

—B(1+p /2)

—(2/V 6)B(1——,p)

—(2/V 3)B(1——,p)

(1/V 2)B (1—p)

B(1+p /2)

—(1/V 6)B (1 —4p)

(2/V 3)B(1+p/8)

—A (1 —r)exp(i5P)

—(1/V 3)A(l —r)exp(i5~")

—(2/V'6)A (1+r /8)exp(i5~" )

V 2A(1+r/8)exp(i5P )

—V 2e exp(i52 )

B( 1 /p /2 )exp( j$] )

—(2/V6)B (1—
2 p)exp(i5~")

—(2/V 3)B(1——,p)exp(i5, ~)

(1/V'2)B exp(i5~~q)[1 —p exp(i5 )]

B exp(i5~~q)[l+ z pexp(i5 )]

—(1/V 6)B (1 —4p)exp(i5", ~z)

(2/V 3)B(1+p/8)exp(i5", zz)

'The phase-space is to be divided by 2.
This assumes a nonet symmetry. g-g' mixing is ignored.

I. THE CABIBBO-ANGLE-ALLOWED D
AND D+ DECAYS

and

I D K
R eo

= ——0.455+0.086+0.049
r(D K ~+)

(3)

I D ~K sr+)
Ro~ = —3.316+0.405+0.445 . (4)r(D+-K '~+)

These decaJ s determine the parameters r and:$$ /2 $3/2 We use

In Table III we have shown the allowed range of r for dif-
ferent values of 5 . Note that the new range of 5 in (6)
replaces the earlier determination' of 5 =(100'—145').
The change is due to the new data from Mark III. The
sign of r is not determined by D ~K data. Let us now
look at other Cabibbo-angle-favored decays.

With (Ref. 13) z +/r o= 2.4 we derive

B(D ~r)K )/B(D+~m+K ) =0.028[(1—r)/r]

TABLE III. Parameter r as determined from Roo and Ro+.
There is another solution with r ~—r and 6 ~ ( 180'—5 ).

r )0, 5 =(59 —96'),

r &0, 5 =(84' —121 ) .

(5)

(6)

In evaluating Ro+ we have used the data in Ref. 2 with
o.

o
——4.9+0.3+0.4 nb and oD~ ——3.6+0.4+0.4 nb with

o D, /o. +
——1.36+0.136 (systematic only) and (Ref. 13)

+/r, =2.4+0.16 (statistical only). We find two solu-

tions:

6 (degrees)

59.6
65.0
70.0
75.0
80.0
90.0
95.9

0.36+0.0
0.41+0.06
0.41+0.06
0.40+0.06
0.40+0.06
0.38+0.05
0.32+0.0
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For r=(0.3,0.4,0.5) we obtain (0.15,0.06,0.03) for this ra-
tio. For r =( —0.3, —0.4, —0.5) we get (0.52,0.34,0.25).
Experimentally (Ref. 2), 8 (D ~rlK ) = l.8+0.8+0.3
and 8 (D+ ~m. +K ) =3.5+0.5+0.4. The data do not
make a clear choice since the errors are large. Similarly in
nonet symmetry 8 (D ~rl'K )/8 (D+~rr+K ) for
r = (0.3,0.4,0.5) is (1.91,1.1,0.72) while for r = ( —0.3,
—0.4, —0.5) it is (1.65,0.90,0.56). Since' 8 (D +

~rt+K ) is =4%%uo, nonet symmetry implies a branching
ratio 8(D ~rl'K ) =2—8%.

8(D ~7r+rr ) 1+r l4+r cos6"
8(D ~K ~+) 1+r 2r cos5"— (9)

where 5 "=5O —6q".
In the presence of inelasticity the phase of the decay

amplitude need not be the same as the final-state scatter-
ing phase shift. However, for small inelasticities the
scattering phase may serve as a guide to the phase of the
decay amplitude. Some ~-~ phase-shift analyses' suggest
that at 1.8 GeV 6O is close to 180 and 62 close to zero.
Thus a choice of 5O-180, which we make, may not be
unreasonable. With 5 = 100 and r=(0.3,0.4,0.5) we get
(0.035,0.028,0.022) for the ratio in (9). The experimental'
value for this ratio is 0.033+0.010+0.006. From (8) and
(9) we find, as a corollary, that the ratio
8(D ~K+K )/B(D ~sr+~ ) can be made larger than
unity by choosing r&0, 6 =0, and 5 "=180'. With
$++=0, 5 = 180', and r = (0.3,0.4,0.5) we get
(1.55, 1.91,2.36) for this ratio. Experimentally' this ratio
is 3.5+1.1. This has been assumed in the past to signal a
large SU(3) violation. Clearly within SU(3) symmetry one
can go a long way toward understanding the larger
branching ratio for D ~E +A compared to
D ~sr+a SU(3) breakin. g plays no role in the ratio

II. CABIBBO-ANGLE-SUPPRESSED D DECAYS

We find, with tanOC ——0.23,

B(D ~K+K ) (1+r/2) (1+cos6 )

B(D ~K m. +) 1+r l4+r cos5"

where 6 —=5p —6& . Experimentally' this ratio is
0.122+0.018+0.012. In order to reach anywhere near the
experimental number one has to choose 5 =0, r ~ 0, and
5 in the second quadrant. The choice of 6++=0 is not
unreasonable since the S-wave KK channel resonates' in
both I=O [fo(975)] and I= 1 [ao(980)] states below the D
mass. Some sample values for the ratio in (8) are with
5 = 100 and r = (0.3,0.4,0.5) the ratio is
(0.066,0.072,0.077) while with 5 = 120' and
r=(0.3,0.4,0.5) this ratio is (0.074,0.083,0.094). Recall,
however, that D~~K data had yielded 59'&6 &96' for
r~0. There is thus a small mismatch in the parameters
determined by D~Km data and those needed to fit the
ratio in (8). However the mismatch is not large and could
be indicative of a small SU(3) breaking. On the other
hand, if the D~Km data were to change in the future
such that Roo were to rise above the value in (3), the data
would allow a larger incursion into the second quadrant
for 6 (with r & 0) and thereby remove this mismatch.

We also find

B(D ~vr rt)/B(D ~K rl)=0. 11,
B(D ~rlrt)/B(D ~K g) =0. 15 .

(12)

(13)

III. CABIBBO-ANGLE-SUPPRESSED D+ DECAYS

In our model with tanL9& ——0.23 we derive

8(D+~K K+) (1+p/2)
8 (D+ ~+K ') p

(14)

where p is defined in (2). Since we expect (d, e) «c due
to sextet dominance, we expect p to be approximately
equal to r For p=(0.3,0.4. ,0.5) we get (0.31,0.19,0.13) for
the ratio in (14). Experimentally' this ratio is
0.317+0.086+0.048. For p=(0.3,0.4,0.5) we also find

8(D+ ~+ =(0.12,0.04, 0.007),B(D+~K K+)
8 D+~rr+ = (0.56,0.44, 0.34),

B(D ~+K K+)
8 D+~rr+vr = (0.09,0. 15,0.21) .
B(D+ K'K+)

(15)

(17)

Thus for p~O, D+~E K+ is the strongest Cabibbo-
angle-suppressed mode. A parameter-independent predic-
tion is

8 (D+ rr+~o)/8 (D+ K o~+ ) =0.028 .

Combining this with the experimental determination'

8 D+~K K+ =0.317+0.086+0.048,8(D+ K ~+)

we get (only the central value)

B(D+~m+~ )/B(D+~K K. +)=0.09

(18)

(19)

(20)

in agreement with (17) with p=0.3

IV. CABIBBO-ANGLE-FAVORED D, DECAYS

D,+ decay amplitudes depend on the parameter p as do
the Cabibbo-angle-suppressed D + decays. For
p= (0.3,0.4,0.5) we obtain

8(D ~vr m )/B(D ~rr+~ ). For 5 =180 and
r=(0.3,0.4,0.5) we get (1.17,1.53,2.0) for this ratio. Fur-
thermore for the ratio 8 (D ~sr+a )/8 (D+ ~n+rro)
with r +/r 0 ——2.4, 6 =180' and r=(0.3,0.4,0.5) we get
(0.3,0.27,0.23). We emphasize that the measurement of
(Do,D+)~rrw in all charged modes will determine 5
and r. A comparison of r determined from the m.~ mode
with that determined from the 7rK mode would serve as a
measure of SU(3) breaking.

With nonet symmetry the branching ratios for the decay
of D into m g' and gg' are surprisingly large. For
r= (0.3,0.4,0.5),

8 (D ~rr rt')/8 (D ~K g) = (0.4,0.57,0.85), (10)

8(D ~rlrl')/B(D ~K rl)=(0 94,.1.34, 1.96) . (11)

The following ratios are independent of the parameter r:
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B(D,+~K K+)
8(D+ K os+)
B(D, ~tr+rl) = (1.38,0.85,0.59),8 (D+~K tr+ )

B(D,+~~+q')
=(1.13,0.54, 0.29),B(D+~K sr+)

=(0.73,0.30,0. 13), (21)

(22)

(23)

V. CABIBBO-ANGLE-SUPPRESSED D,+ DECAYS

For p=(0.3,0.4,0.5) we obtain, with r + jr +
——0.3,

S

8 (D,+~rlK+ ) = (0.0016,0.013,0.034),
8 (D+~K+K )

B(D,+~71'K+) = (0.27, 0.25,0.24),8 (D+ ~K+K )

and, with 5~+= 100',

(24)

(25)

where we have used (Ref. 15) r +/r + ——0.3. For p&0,
S

D,+~~+g would appear to be the strongest mode with a
branching ratio of 2—6%.

(D,D+,D, )~PP data are quite consistent with a small
SU(3) breaking. Almost all the data can be understood
within an SU(3) scheme with final-state interactions. We
make some parameter-independent predictions such as
those in Eqs. (12), (13), and (18). We emphasize, as do the
authors of Ref. 7, the need for D~~~ measurements in
all charged modes. This will allow a determination of 6
and the parameter r. A comparison with the same pa-
rameter r determined from D~K~ decays would be a
measure of SU(3) breaking. As we have used 6o =6,
D ~K K will stay strictly suppressed. D ~K K is
allowed in our scheme through a mismatch 6O &6&
Among the Cabibbo-angle-suppressed D+~PP we find
D+ ~K+K to be the strongest mode. Among the
Cabibbo-angle-allowed D,+ ~PP we predicted D,+ ~~+q
to be the strongest decay channel. All our predictions in-
volving g' are within the context of the nonet syrn. m, etry.
Our approach is complementary to that of Refs. 7 and 18.
The relation between our parameters c,d, e, and a, b, c of
Chau and Cheng (identified by a subscript CC) and
E,S, T of Quigg' is

c = —,
' (a —b)cc= —S

=(0.26, 0.24, 0.22),
8(D,+~~+K )

8 (D+ ~K+K )

8 (D,+ ~'K+ ) =(0.16,0. 16,0. 16) .
8(D+ K+K')

(26)

(27)

d =(c)cc——E —T!2, (28)

e = —,(a+b)cc= z T

In writing (28) we have invoked SU(3) symmetry and set c
of Chau and Cheng equal to their c.

Since (19) with the known branching ratio (Ref. 15)
B(D+~K tr+)=4% implies B(D+~K+K )=1.3%,
all the above four Cabibbo-angle-suppressed D,+-decay
modes are predicted to have branching ratios & 1%.

In summary, we find that the known
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