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Two-body Cabibbo-suppressed charmed meson decays
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The singly Cabibbo-suppressed decays of charmed particles governed by the quark subpceeesss_es
andc—dud are analyzed using a flavor-topology approach, based on a previous analysis of the Cabibbo-
favored decays governed lny—>suﬁ Decays toPP and PV, whereP is a pseudoscalar meson avds a
vector meson, are considered. We include processes in whatd " are produced.
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[. INTRODUCTION the claims are correct and approximate flavor symmetry is
valid.

The decays of charmed particles can provide useful infor- We recall our notation in Sec. Il, and update the results of
mation about strong interactions. The magnitudes and phas&ef. [1] for Cabibbo-favored decays in Sec. Ill. We then
of weak couplings governing these decays are well specifietfbulate the results for Cabibbo-suppressed decays, and dis-
in the standard electroweak theory, so that decay amplitude®iss specific relations among these deceysd between
serve mainly to illuminate the relative importance of variousthem and some Cabibbo-favored procepsesSec. IV. We
flavor topologies and their relative strong phases. This hakmark briefly on a relation fovV decays in Sec. V. Open
been shown both for Cabibbo-favored decfysand more ~duestions are noted in Sec. VI, which concludes.
recently for doubly Cabibbo-suppressed procefagdn the
present article we extend these analyses to singly Cabibbo-
suppressed processes.

The analysis of charmed particle decays has shown that We use the following quark content and phase conven-
flavor SU3) symmetry is qualitatively obeyed, but important tions.
sym:netry-breakingteffe_ctstggn be idﬁntifﬁéﬂ. A}\SSE)Br;e ex- Charmed meson®°=—cu, D*=cd, D =cs.
ample, an argument usin spin subgroup o re- I I erali _
dictg the rategs fob°%— 7r+?r‘ anF()jDOHI%KE) to be egual, PsgjdoicalaLmegonsL _—l;d’ T —((_jd—uQ/\/i, T_
but they differ by a factor of about 3. This effect can be = _du,_K"=us, K'=ds, K'=sd, K"=-su, n=(ss
understood on the basis of S)breaking in decay con- —uu—dd)/3, »'=(uu+dd+2s9)/\6. o
stants and form factorgt]. Vector mesonsp* =ud, p°=(dd—uu)/\2, p~=—du,

Some interesting opportunities and questions have ansef)— (yu+dd)/\2, K**=us, K*°=ds, K*°=sd, K*-
recently in the context of singly-Cabibbo-suppressed charm —~ — —
decays. Through the excellent photon and charged particle

identification capabilities of the CLEO detector, it has be- ihilati i velv. Th
come feasible to study many decays involvin@nd " [5] nihilation amp 'tUd?S. bYT’ G E andA, respectively. The
' exchange and annihilation diagrams that involve singlet con-

The FOCUS Collaboration has recently amassed a largg., .. L
sample of charmed particles produced by high-energy pho{arIbUtlonS are labeled b)SE and SA Penguin diagrams

- i i ; * —_ _\/*
tons at the Fermilab Tevatrd6]. Close and Lipkin 7] have Shoéjld be negllg;]ble SISCV.chudEV VCSV;JS' Forhthe Pd\'/
recently identified some puzzles in this sector, including™?des, We use the subscriitsand V' to refer to those dia-

. — — rams with the spectator quark going into a pseudoscalar
claims for rates foD " —K* "K® [8] andD * —K* TK*° [9] g P q going P

£ th d Cabibbo-f q b dmeson and a vector meson in the final state, respectively. To

0 (tje ﬁmehol[ er: as hsome. d'aﬁ'l IO_ avorde tWO(; %Yﬂistinguish between Cabibbo-favored and Cabibbo-
modes. We shall show that It Is difficult to understand t esuppressed decay modes, the amplitudes associated with the
first of these. While we do not have enough information tog) . are all unprimed, while those with the latter are

analyze charmed particle decays\®/, we useU spin to primed.

+10 +
relat+e trgzse last two rates to those Bf —p*K® and D _ The partial widthl" for a specific two-body decay tBP
—p~ K*7, respectively, which should also have large rates ifig expressed in terms of an invariant amplitudeas

II. NOTATION

—Su, ¢=ss
We denote the tree, color-suppressed, exchange, and an-
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TABLE |. Branching ratios and invariant amplitudes for Cabibbo-favored decays of charmed mesons to
two pseudoscalar mesons.

B[10] p* Al
Meson Decay Mode Representation (%) (MeV) (10°° GeV)
D° K m* T+E 3.80£0.09 861 2.480.03
Km0 (C—E)/\2 2.28+0.22 860 1.92:0.09
K%% C/I\3 0.76+0.11 772 1.1%0.08
KOy’ —(C+3E)/\6 1.87+0.28 565 2.150.16
D* KOmt C+T 2.77£0.18 862 1.330.04
D{ KoK+ C+A 3.6+1.1 850 2.35:0.36
Ty (T—2A)/\3 1.7+0.5 902 1.5%0.23
s 2(T+A)/\6 3.9+1.0 743 2.62:0.34
wherep* is the center-of-mas&.m,) 3-momentum of each In the numerical calculation, we use for the charmed me-

final particle, andVl,, is the mass of the decaying particle. SOns Mp+=1.86930.0005 GeV with 7(D")=1051
The kinematic factor ofp* is appropriate for the S-wave *13fs, Mpo=1.86450.0005 GeV with 7(D%)=411.7
final state. The amplitudet will thus have a dimension of *2.7fs, and Mp+=1.9685-0.0006 GeV with 7(Dy)
(energy. For PV decays, on the other hand, a P-wave kine-=490+9 fs[10].

matic factor is appropriate instead, and
I1l. CABIBBO-FAVORED DECAYS

p*3 In Tables | and Il we summarize predicted and observed
F(H—PV)= 5 A% (20  amplitudes for Cabibbo-favored decays of charmed mesons
8mMy to PP andPV. The experimental values are based on Ref.
[10] and supersede those quoted in R&f. We then extract
In this case,A is dimensionless. amplitudes for specific flavor topologies and their relative

TABLE Il. Branching ratios and invariant amplitudes for Cabibbo-favored decays of charmed mesons to
one pseudoscalar and one vector meson.

B [10] p* | A|

Meson Decay Mode Representation (%) (MeV) (1079
D° K* 7t Ty+Ep 6.0+0.5 711 4.8%0.20
K p* Te+Ey 10.2+0.8 678 6.76:0.26
K* 0770 (Cp—Ep)/\2 2.8+0.4 709 3.310.24
K0p° (Cy—EV)/\2 1.47+0.29 676 2.5%0.25
K*0y (Cp+Ep—E\)/\3 1.8+0.4 580 3.59-0.40

K*0y! —(Cp+Ep+2E,)/\6 <0.10 99 <11.9
K0 —(Cy+Ey)/\2 2.2+0.4 670 3.26:0.29
KO —Ep 0.94+0.11 520 3.050.18
Dt K* Ot Ty+Cp 1.92+0.19 712 1.7#0.08
KOp* Tp+Cy 6.6+2.5 680 3.46-0.64
DS K*OK+ Cp+Ay 3.3+0.9 682 3.690.50
KOK* + Cy+Ap 43+1.4 683 4.26-0.68
pty (Te—Ap—Ay)/\3 10.8+3.1 727 6.06-0.87

pt (2Tp+Ap+A)/\6 10.1+2.8 470 11.31.6

™t p° (Ay—Ap)/\2 <0.07 827 <0.40
o (Ay+Ap)/\2 0.28+0.11 822 0.8%0.16
) Ty 3.6+0.9 712 3.610.45
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TABLE lll. Preferred solutions of magnitudes and relative Sr.1.=(—3%25)°,
phases of the invariant amplitudes for the Cabibbo-favored decay PV
modes.
oc,1,=(—170+13)°, 3
Amplitude Magnitude
% )
PP (107° GeV) Relative Strong Phase 5EvTv:(_92i 11)°.
(T: g'gzg'ig Serm(— 151+ 4)° It is intere_stil_"ng to observe that in.this case and Ty are
C 1.67+0.13 (CsT _ (115:5)° roughly pointing in the same direction on t_he_ cor_nplex plane.
£ 1.0520.52 5 ET:(_55: 20)° The same is also true f@p andC,,, but pointing in almost
' ' AT - the opposite direction to that df, andTy,. Ep andE,,, on
PV (10°9) the other hand, are close_to 90°_from the ab(_)ve line. _
In Ref.[1] we did not fit amplitudes involving the anni-
Ty 3.61+0.45 hilation termsAp and A,,. Normally we would have ex-
Co 2.44+0.52 dc,1,~(—156+12)° pected thathp=—A,, and' hsnce Eha})t the deca/f—m_#w
Ep 3.05+0.18 Sg,1,= (88 11)° Wou_ld be suppresse_d whil2 =7 p would prowde_ |r_1for-
mation on the magnitude @& . This pattern was anticipated
Te 6.03+1.18" some time ago by Lipkin on the basis ofaparity argument
Cv 2.74+0.46 oc,1,=(—168+24)° [11]. Instead, it is the latter decay which appears to be sup-
Ev 3.05+0.18 Og,7,=(—90£22)° pressed, while the former occurs with a measurable rate. It

aAnother possible solution iETp|=(4.46+1.19)x 10 ©. It is dis- may be th‘?‘t thew Contam.s a small admIXture.Of strange
S arks, which would permit it to be produced vidga am-
favored because it gives an even unacceptably larger lower bound. ) - A .
f . : plitude, or rescattering effects could induce annihilation-like
on|Ap|, as will be explained toward the end of Sec. IV B. . .
terms not respecting,= — Ay . Other Cabibbo-favored pro-
cesses not fitted in this scherfig] include the decay®

phases. Only the preferred solutions in Réf.with updated > . L
rgp nandDg—p~ 7.

data analysis are quoted in Table Ill. These parameters al
needed since we will be using flavor &) to relate them to

the singly Cabibbo-suppressed decay;. For the sign of rela- IV. SINGLY CABIBBO-SUPPRESSED DECAYS
tive strong phases, we use the convention thgtmeans the
angle subtended from the amplituBeto A. Using the rela- The topological amplitude decomposition of singly

tion Ey= — Ep for the PV modes in Table Ill, one would get Cabibbo-suppressed two-body decays is listed in Tables
the following strong phases for the last three amplitudes, allvV (PP modes and V (PV mode$, where the relations
relative toTy, Ey=—Ep andA{=— A} have been used.

TABLE IV. Branching ratios and invariant amplitudes for singly Cabibbo-suppressed decays of charmed
mesons to two pseudoscalar mesons.

B[10] p* | Al
Meson  Decay Mode Representation X 1073 (MeV) (1077 GeV)
D° ata —(T'+E") 1.43+0.07 922 4.66:0.11
w00 —(C'—E")/\2 0.84+0.22 922 3.5%0.47
KK~ T +E' 4.12+0.14 791 8.530.14
KOKDO 0 0.71+0.19 788 3.550.47
7O (C'—2E'—SE)/\6 846
Oy’ (C'+E’'+2SE)/\3 678
77 2\J2(C'+SE)/3 755
' —(C'+6E’'+7SFE)/32 537
D" A —(T'+C")/\2 2.5+0.7 925 3.86:0.54
mty (T'+2C'+2A'+SA)/3 3.0+0.6 848 4.4%0.44
g —(T'—C'+2A’ +4SA)/\6 5.0+1.0 680 6.36:0.64
K+ KO T —A' 5.8+0.6 792 6.340.33
DS KO —(T'=A") <8 916 <11
7oK F —(C'+AN2 917
7K* (T'+2C'—SA)/3 835
7K+t (2T'+C'+3A’'+4SA)/\6 646
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TABLE V. Branching ratios and invariant amplitudes for singly Cabibbo-suppressed decays of charmed
mesons to one pseudoscalar and one vector meson.

B [10] p* | Al
Meson  Decay Mode Representation X1073) (MeV) (1077
DO mp —(Ty+E}p) 766
mpt —(Tp—Ep) 766
m0p° —(Cp+C{)I2 767
KTK*~ T,+Ep 2.0+1.1 610 11.1%3.05
K-K* ™" Th—Ep 3.8+0.8 610 15.3+1.61
KOK*0 —2Ep <17 605 <10.4
KOK*© 2Ep <0.9 605 <75
o (Cy,—Ch+2SE,)/2 761
) (Ch+SEL)/2 <14 644 <85
nw —(Cp+2C,+SE,+4SE,)/\/6 648
7w (Ch—C|+4SE,—2SEL)/243 333
nd (Ch—2SEL+SE)/\3 <238 489 <18.3
7p° (2C—Cp—SE)/\6 655
7' p° (Cy+Ch+4SE)/243 349
D" wtp° —(Ty+Cp—2AL) 2 1.04+0.18 769 3.550.31
mp* —(Tp+CL+2A0)\2 769
™o —(Ty+Cp+2SA) 2 <7 763 <9.3
at Cp—SA, 6.1+0.6 647 11.130.55
np" (Tp+2C,+SA)/\3 <7 659 <11.6
n'pt —(Tp—CL+4SA) /6 <5 356 <24.7
K+HK*O T +Ap 4.2+0.5 610 10.08 0.60
KOK*+ Th—Ap 31+ 14 611 27.326.17
DJ a K0 —(Ty+A}R) 6.5+2.8 773 13.5%2.92
mOK** —(CL—Ap)I2 775
K™ p? —(Cp+Ap)2 <29 748 <95
K% ™* —(Tp—Ap) 746
pK** (Th+2C,+2AL—SA)I3 661
7' K** (2Tp+CL+AL+4SA) /6 337
K o —(Cp—AL—2SAL) 2 741
K" Ty +Cp—AL+SA, <05 607 <5.4
A. U-spin relations It has been known for some time that the relatidnfails.

Anumber of relations between singly Cabibbo-suppressedhe rate forD°—K*K™ is about three times that fdp°
amplitudes follow from théJ-spin symmetry interchangirg —m . The corresponding amplitudes differ by a factor
andd quarks[4,12]. The effective interactions inducing the of about 1.8, which can be ascribed to the product of a fgctor
transitionsc— susandc—dud occur with equal and oppo- [k/fz= 1é22 ang a form factor  ratio
site Cabibbo-Kobayashi-MaskaW@KM) factors, leading to  Fpo—k(Mk)/Fp_.-(m7)=1.5[4,13]. Alternatively, it can be
a term transforming abl=1, U;=0. One then obtains the interpreted as saying that the subprocesssus leads to

following relations: lower-multiplicity final states thanc—dud, since light
PP decays , . . -

quarks radiate extra pions easily. The-sus subprocess

AD =7 77 )=—AD°—-KTK"), (4) responsible foD®— K"K~ has only one light quark capable
of radiating soft piongin the current-algebra sensahereas

A(D%—KO9K%) =0, (55 c—dud responsible foD°— 7" 7~ has three such quarks.

. =0 N o (The u spectator quark also can radiate soft pions in either
A(D"—K"K")=—-A(Dg -7 K"). (6)  case) Therefore, one would expect the higher-multiplicity
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TABLE VI. Real and imaginary parts of the invariant amplitudes for the singly Cabibbo-suppressed decay
modes. It is assumed th@t and Ty, are purely real.

Amplitude Re Im Amplitude Re Im
PP (1077 GeV) (107 GeV) PV (1077 (1079
T 6.02 0 Ty 8.14 0
C’ —4.01 —2.22 Cr —5.03 —2.24
E’ —-1.59 3.41 Ep 0.30 6.88
A’ 1.00 —2.15 Tp 13.6 —0.60
Cy —6.09 -1.07
E;, —-0.30 —6.88

states to be more important in the fragmentation of ¢the (11) is satisfied within r; it predicts B(D;—w*K*O)

—dud subprocess. We shall see presently that an estimate of (3.6+0.4)x 10 3. Finally, the relation(12) is interesting
the amplitude forD®—a "7~ and D°—K'K™ decays gince B(D*—K°K**)=(3.1+1.4)% would entail a pre-
based on Cabibbo-favored decays lle=tweenthe experi-  jicteq branching ratiaB(D; —K%*)=(2.4+1.1)%. We
mental values for these decays. >

The amplitude foD°— K°K? is predicted to vanish in the
U-spin limit. Both the initial and final {=0) states have
U =0, while the transition operator hak=1, as mentioned.
The observed value of this amplitude is of the same order
the difference between thB°— 7" 7~ and D°—K*K~
amplitudes. Indeed, if one were to allow for different effec-

shall see, however, that it is difficult to understand the large
branching ratio forD " —K°K** when extrapolating from
the Cabibbo-favored®V decays of charmed particlds],
even when one allows for the most favorable possible inter-
3Rrence between contributing amplitudes.

tive c—susandc—dud transition strengthin the E' am- B. Relations between Cabibbo-favored and singly
plitudes aloneone would obtain the sum rule Cabibbo-suppressed decays
0 4+ - 0 Lt We now make use of the amplitudes determined in Ref.
AD =7 )+ AD"—K7K™) [1] and updated in Sec. Il for Cabibbo-favored and PV
+ A(D— KOEO)ZO, @) decays to predict the magnitudes and phases of amplitudes

for singly Cabibbo-suppressed processes. We shall see that

which is satisfied when the amplitudes are relatively reaWith the single exception ob " —KOK**, all results are
with respect to one another. However, there is no reason fagonsistent with a flavor S@) symmetry whose breaking
Eq. (7) to hold in general. The decap®—K°K® simply does not exceed expected limits. The magnitudes of the to-

seems to occur at a level approriate for (3Usymmetry pological amplitudes for singly Cabibbo-suppressed modes
breaking in other Cabibbo-suppresge8— PP decays. can be obtained from those for Cabibbo-favored ones listed

The relation(6) is untested so far. It predicts a branching N Table Il by multiplying a Cabibbo suppression factor of
ratio B(D — K% =(2.8-0.3)x10°3 on the basis of NA=0.2256. We assume the relative strong phases stay the
: .8+0.

— . . same. The resulting amplitudes are shown in Table VI.
B(D"—K*K%=(5.8+0.6)x10"2 and kinematic correc- g amp

tion fact This should b 0 ob In the singly Cabibbo-suppresseBlP decays, some
lon factors. This should be an €asy process 1o ObSeve.  ,q4es can be directly related to their counterparts in the

PV decays Cabibbo-favored ones. AssumirgjJ(3) symmetry, we ob-
tain
A(D’— 7 p7)=—AD°—KK*"), 8
( o) ( ) ® |AD— 7t 7)) =] AD°—- K"K ™)
A(DO_>777P+):_'A(DO_>K7K*+)1 (9) :)\|A(DO—>K_7T+)|
A(DP—KOK*0) = — A(D°—KOK*9), (10) =(5.60+0.07) X107 GeV,

+ +lx0y +_) +*x0 1 (
A(D* =K K*9)=—ADJ—7"K*?), (11 | A(D%— 7%7%)| =\ | A(D°— K°7)|

A(D*—KOK* *)=— A(D —K%™). (12) =(4.34+0.2) X107 GeV,
The relations(8) and (9) are untested as yet because of the
absence oD%— 7~ p™ branching ratios. These processes N + 0 A + To_ 4+
should be observable in the CLEO-c detector. The relation |ADT =7 7)|= EM(D — Ko7

(10) should be testable in the presence ofEnamplitude,
whose magnitude we shall estimate presently. The relation =(2.12+0.07 X107 GeV,
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A TABLE VII. Comparisons between predicted amplitudes based
IA(D;—MTOK*)I = —|A(D;—>K°K+)| on Cabibbo-favored decays and the experimental values for singly
\/5 Cabibbo-suppressed decays of charmed mesons.
~ ~7
=(3.76-0.57)x10" " GeV. Decay Mode Prediction Experimental value
N 4T N L0 o Meson PP (1077 GeV) (107 GeV)
BothD™—K"K" andDg — =" K" involve the combination
T’'—A’, which does not have a counterpart in the Cabibbo- D° mar 5.60+=0.07 4.66:0.11
favored modes. Therefore, we use the values given in Table mOm® 4.34£0.21 3.570.47
VI to estimate the magnitude of their amplitude, KfK™ 5.60+0.07 8.53-0.14
o KOKO 0 3.55+0.47
JADT—K*K®|=]ADS —7"K)]
D* mt a0 2.12+0.07 3.86:0.54
=(5.47+1.30 X107 GeV. K+KO 5.47+1.30 6.34-0.33
In the PV decays, the following results are obtained: DJ 7t KO 5.47+1.30 <11
|AD— 7 p )| = A(DO— K K* )] PV (1077 (1077
=N ADO—K*~7 )| DO K K*~ 10.90+0.45 11.1#3.05
- K-K** 15.25+0.60 15.3%*+1.61
=(10. 45 %1077 =
(10.9050.49 10", KOK* O 13.78+0.81 <10.4
|A(D°— 7~ p*)|=| A(D°—K~K* )] KOK*© 13.78+0.81 <75
=\ A(D°—K ™ p")|
~(15.25-0.60 X 10" 7, agreement with the extracted amplitude Bf —K*K*©,
assuming constructive interference. However, there is trouble
|A(D°HKOK*°)|=|A(DOHE°K*°)| when one tries to interpret the experimental data Bof
o —KOK**, With |Th|=\|Tp|=(13.6-2.6)x10/, one
=2\ A(D°—K%)| would need|Ap|=(13.7+6.7)x10 7 in order to reach the

experimental result in Table V, where the lower boundgn
assumes maximal constructive interference. This apparently
contradicts the upper bourdli3) obtained from the Cabibbo-
favored modes. Since currently the branching ratioDof

where the last line is computed directly using Table VI. It is —K°K** is measured only at a level of slightly more than
seen that all the above predicted amplitude magnitudes agré@e [8], a definite conclusion cannot be drawn without more
well with those inferred from the measured branching ratiosstatistics.
apart from small differences that can be attribute®td(3)
breaking. Table VIl summarizes the comparison of predicted C. Triangle and quadrangle relations
and experimental amplitudes. . . .

An upper bound o, can be extracted from Cabibbo- From theP P modes listed in Table 1V, one can find the
favored  modes: |Ap|<[|A(DS— 7" p%)|?+|ADS following sum rules:
— 7t w)|?]Y?<1.4x10 © at the 3 level. This in turn im- 4+ 0 0_,.0 0

. ; i ! 2A(D - VJ2A(D
plies that the corresponding singly Cabibbo-suppressed am- \/—A( - \/—A( -
plitude satisfies —AD°—=7t77)=0,

=(13.78-0.81)x 10/,

|A(D%— 7%%)|=(5.83+0.78 x 10,

ALl=\|Ap|<3.1x10 " 13 —
[Ael=AlAe (13 \/EA(D+—>7T+7TO)+A(D+—>K+KO)
Other information about the contribution & can be di- _ + Oty —
rectly learned from, for example, the decay mobe \/EA(DS mK")=0,

— 7" p% In order to reproduce thedl lower limit on its . Lo . o
amplitude, using V2A(D* -t 7% — AD — 7t KO)
\ B —V2A(D{ - 7K ") =0,
|AD* =7t pY)|= \/EA{:,— —ZA(D+—>K*O7T+) ,

V2 22AD = atp)+AD =" y)
one must havgAp|=0.36x10 7, assuming that the two + JBA(D* —K*KO)
contributions interfere constructively. Sinc€T||=(8.2
+2.6)xX10° 7, a small |Aj| of about 210”7 improves +3V3AD =7 7%=0,
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2\/§A(D;—*> 77K+)+A(D;rﬂ7]/K+) TABLE VIII. Complex amplitudes de;cribing singly Cabibbo-
suppressed charmed meson decay® Binvolving » and/or »’.
+\/€A(D;—>7T+KO) Real and imaginary parts of amplitudes are given in units of
10" ® GeV. An additional unknown ter8E’ contributes to each of
+33AD — 7K *)=0. the first four decays an8A’ to the last four.
Moreover, any three amplitudes selected from(D° Amplitude Expression Re Im
H770770)6 AT mon), ADPa ), AD" ), —BA(D— 7°7) 2E'-C’ 0.082  0.905
and A(D ") with appropriate coefficients can form a ' '
triang|(e —n7) pprop — JBA(D— 709')/2 L(C'+E’)  —0280  0.060
' 3A(D°— n7)/2\2 c’ —-0.401 —0.222
— 0 ’ 1 ’ ’ _
D. Decays involving and 7’ 3\2A(D— 5y')I7 H(C'+6E") 0.194  0.261
V3ADD —=m" ) T +2C’ +2A 0.001 —0.873
The amplitudes for decays involving and »" contain  _ \EAD* 7t y)/4 H(T'—C'+2A") 0.301 -0.052
unknown contributions corresponding to disconnected quark BAD? - 7K*) —(T'+2C") 0199 0444

diagrams, such aSE and SA’' in the decays taPP. A
satisfactory description of Cabibbo-favored decaysPt®
was obtained in Ref.1] without the help of such contribu-
tions, but the Cabibbo-favored decaysR¥ final states in-  to a value comparable to the other amplitudes. Measurement
volving such contributions were not seen to follow a patternof rates forDS — 7K™ andD S — »’'K™ will permit a choice
describable through the flavor-topology approach. In theyetween these two solutions and a test of consistency of the
present subsection we discuss a test for the amplit8des  description. A corresponding construction also will clearly be
andSA’ which can determine whether a flavor-topology dE'possib|e forDO decays once these are measured.

scription is suitable for singly Cabibbo-suppressed decays of |n principle similar techniques would be suitable oV
charmed mesons B P. decays. The decay®’— 7°w and D°— 7°¢ involve just

~ We express all amplitudes involving or %’ in Table IV the one unknown singlet amplitud®E}, allowing a two-

in terms of an unknown paramet8iE’ or SA” with a unit  fo|d solution in the manner of Fig. 2. Similarly, the decays
coefficient: For example, D% 7p° andD°— 7' p° involve SE|,, and again there will

be a two-fold solution. One can then test whether the four

JBADI —5'K")I4  1(2T'+C'+3A’) 0276 —0.217

_ 0_> 0_7\— ' U
VBA(D 7 7')=2E'=C'+SE, (14) possible combinations of these solutions are compatible with
N the observed branching ratios fo°— 7w, D°— 7' ®, and
V3 (DOm0’ ) = =(C+ ')+ SE (15 D% 7, which involve bothSE} andSE; .
2 2 In the case ofD* and D! singly Cabibbo-suppressed
decays toPV, the presence of\; and A, in many ampli-
3
0 -’ !

2\/§A(D _)7’7]) C +SE y (16) 1.00_| T T T | T T T T | T T T T | T T T T | T T T I_

32 0.75 ]

—7A(D0—>777]')=;(C'+6E’)+SE’, (17)
with four similar expressionéwo for D* and two forD;r) 050
involving SA'. AssumingSE'=SA =0 one can then plot 5

these expressions in the complex plane, obtaining figure:

whose origins can be shifted by an amount corresponding tc¢— 0.25
the unknown amplitudSE or SA'. The amplitudes plotted

are summarized in Table VIl and described in Figs. 1 and 2.

The points for thes®° decays all lie on a line, since the

o T 0.00
coefficients ofC' andE’ always sum to 1. This is another
way of expressing the linear dependence of the various de
cays mentioned in the previous subsection. In the cage"of N A
+ . : -0.25
andD¢ decays this linear dependence is not present. 2075 -050 -0.25 0.00 0.25 0.50
The rates forD™—n*% and D*—x" %’ have been Re(A)

measured. Consequently, one may use them to draw circles

about the corresponding points to search for common inter- FiG. 1. Real and imaginary parts of amplitudes Bt decays
sections. The line between each of these common interseg PP final states involvingy and/ors’. The origin may be shifted
tion points and the origin corresponds to the complex ampliby an arbitrary amountSE. +: —\6A(D°—#%y); X:
tude SA' needed to reproduce the data. One solution\3/2)A(D°—w%%5'); ¢: (3/2y2)A(D°—5y); O: —(32/
corresponds to very smalilA’, while the other corresponds 7)A(D%— n7’).
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O L  L  BL P S R branching ratio forD; —p*K*? by assuming that the de-
cays are dominated hly=0. Given thatp* =273 MeV for
theD ™" decay and 524 MeV for th®! decay, we find that
B(D"—K*"K*%) =(2.6+1.1)% impliesB(DJ —p"K*?)
=(2.1£0.9)%. If components with.#0 are present this
value becomes a lower bound.

0.0

-0.5
VI. OPEN QUESTIONS AND SUMMARY

Im(A)

We have some evidence that the flavor-topology approach
is limited in usefulness from the failure of the Cabibbo-
favored decay®; —7*p® andDJ — 7" w to fit any rea-
sonble pattern for the amplitudés andA,, . Furthermore, it
appears that disconnected quark diagrams, neglected in Ref.
[1], appear necessary to fit the large branching ratios claimed
L T for D —a"7 and D —a"%'. One would expect ana-

-1.0 —05 0.0 05 1.0 logues of these puzzles to appear in the singly Cabibbo-
Re(A) suppressed decays. Certainly the proceddeés—K* *KO°
and D" —K* *K*° noted by Close and Lipkifi7] are the

FIG. 2. Real and imaginary parts of amplitudes Eof andDJ most prominent candidates for such puzzles. It will be inter-
decays toP P final states involvingy and/or7'. The origin may  esting to see the progress of future experimental studies, for
be shifted by an arbitrary amour8A'. +: V3A(D"—="75);  example at CLEO-c, of these decays.

X: —(JBIHAD =7t y'); O —3ADI—nKY); O We have shown that aside from the two decays just noted,
(\/6/4)A(DJ — n'K™). Circles about the points fob*—7"7  a reasonable description &P and PV singly Cabibbo-
andD*—#* 7’ denote central values of the corresponding magni-suppressed decays of charmed mesons appears possible by
tudes. extrapolation from the Cabibbo-favored decays. As in the
case of Cabibbo-favored decays, various amplitudes have
tudes makes a similar program problematic. Without infor-nontrivial relative strong phases, indicating that these ampli-
mation on these quantities, which we found difficult to ex-tudes are probably generated by final-state interactions gov-
tract from Cabibbo-favored decays, the best one can do is tered by long-distance physics.
extract two possible solutions f@A, from the decay rates Decays involvings and z’ can be described if one is
for D" 7w andD " — 7" ¢, and two possible solutions prepared to consider flavor topologies involving discon-
for SA, from the decay rates foD"—#np* and D"  nected diagrams. The magnitudes of such amplitudes remain
—7n'p*. One can, at least, see whether there is a need fdp be studied, but there are enough processes that once a few

-1.0

-1.5

E
3

disconnected diagrams in these processes. of them have been measured, predictions will be possible for
the remaining ones. Such studies bear the promise of useful
V. REMARKS ON VV DECAYS insights on the strong interactions governing final-state inter-

. actions in charm decays, and may also shed indirect light on

The branching ratio fob " —K* *K*° appears to be en- such interactions at the higher energies characterizing the
hanced beyond that for a typical singly Cabibbo-suppressedecays of hadrons containifgquarks.
decay[7]. The amplitude relation

A(D*—K* K¥0) = — A(DS —p K*O) 18 ACKNOWLEDGMENTS
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