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Final state rescattering and color-suppresse®°— D *)°h° decays
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The color-suppressed®— D *)%7% D)%, D%, decay modes have just been observed for the first time.
The rates are all larger than expected, hinting at the presence of final state interactions. Considé_ﬁ’hg the
—D®)070 mode alone, an elastib*)7—D®) 7 rescattering phase differen@®= 6;,,— 83,~30° would
suffice, but theB°—D®)%5, D% modes compel one to extend the elastic formalism t¢356ymmetry. We
find that a universah,/a;=0.25 and two strong phase differences 20°< §< ' ~50° can describe both
DP andD* P modes rather well; the large phase of order 50° is needed to account for the strength of both the
D®)70 andD*)°7 modes. FoDV modes, the nonet symmetry reduces the number of physical phases to just
one, giving better predictive power. Two solutions are found. We predict the ratesth;’K’, Df K-,

D%?, DSK*~, andD%} modes, as well as tH8°—D°K®, D*°K°, D°K*° modes. The formalism may have
implications for the rates an@P asymmetries of charmless modes.
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. INTRODUCTION is a color mismatch in forming thB° meson fromc andu

. produced byb— cud decay[Fig. 1(b)]. We have indicated in
_OTheOB(()aIIe *Cool(l)abooranon haos recently observdd the Figs. Xa) and Xb) the effective Wilson coefficients, and
B"—D ", D*"a, D77, andD"w decay modes, as well as 5_"[4] that are responsible for the decay. For the charged

finding evidence forB®—D*°; and D*°w. The decay B~ — D%~ decay, botha, anda, type of diagrams contrib-
branching ratios §) are all at a few times the 10 level: ute.

The factorization of th&°—D " 7~ decay amplitude has
recently been demonstrated to follow from QCD in the heavy
b quark limit [5,6], anda; as computed from QCD factor-

B(B°—D%7%) =(3.1+0.4+0.5x 104,

B(B®—D*°n%)=(2.7:05 G x 1074, ization is close ta{®~1 to 1.1 from “generalized factor-
o ization” [4]. On the other hand, it is known that the effective
B(B°—D%y)=(1.4753+0.3) X104, coefficienta®™ cannot be calculated in QCD factorization
[5]. It is remarkable that thal®™ value as extracted from the
B(B°—D%»)=(1.8+0.5"3%x 1074, celebratedB— J/ /K *) modes agrees rather well with the
value extracted fronB~— D%, i.e., consistent witha™"
B(B°—=D*%)=(2.0"33+0.4)x107%, =0.2 to 0.3 and real. However, tHe*)°7° rates as ob-
RO %0, \— +1.3, —4 (=) —a alu
B(B°—D*%)=(3.1"13+0.8x 104 BO(B_)diu) - c( )D+(D0)
The CLEO Collaboration has also reported] the observa- - a1 p

tion of B®—~D%#°, D*°#° modes: :
u

B(B°—D7%)=(2.74*535+0.55x107*,

p—
4 Y A
3
|

(a

o

B(B°—D*%70% =(2.20323+0.79 X 104, 0
~ u
with rates in agreement with Belle. These modes are usually 0 b a2<
called color-suppresse8l decays. In contrast with the much BY(B™) d 7r0(7r')
faster “color-allowed”B°—D* 7~ (B=3x10 3 [3]) decay d(u) — -« d(u)
wheren~ is emitted by the charged currdifig. 1(a)], there
(b)
*Electronic address: ckchua@phys.ntu.edu.tw FIG. 1. Color(a) allowed and(b) suppresse®— D decays.
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served by Belle and CLEO are considerably higher than théent symmetry of the strong interactipto SU(3), expecting
generalized factorization estimated using thisa(zeﬁ) value, that the latter becomes a good symmetry atrtiaerescatter-
suggesting that final state rescattering8Sl) such as ing scale.

D)+ 7~ D040 could be active. Alternatively, it could Let us qualify the last statement further. @ flavor
indicate nonuniversah,, that is, a, for color-suppressed Symmetry is a symmetry of the strong interactipn as QCD is
modes are larger thafv] a, for J/¢K*) modes, and are flavor blind, except that the flavor symmetry is broken by
furthermore complex to accommodatB™ —D )07~ quark masses. Thus, in terms of @Umultiplets, masses
Whether in the form of FSI rescattering or a larger and comYary Within the multiplet according to SB) breaking, and
plex a,, one in general acquires complexity of decay ampli-Meson production differs in strength as reflected in, for ex-
tudes in the form ofCP conserving phases. This may have ample, the decay constants and transition forT factogs. But
implications for direcCP violation asymmetries, since simi- if we enlarge the JSO%p'n_dOUbldD(*):(D(f) ’ D(*E*))

lar effects may be present in processes such as charBless?Nd  triplet m=(a", 7%, =) to SU3) triplet D
K1 modes. =(D®)* D™ D)) and the meson octdll (likewise

The experimental data in fact compels one to broaden thEom p to vectorV), we note that rescattering occurs at the
horizon. The Belle results 0B°—D%» and D% are con- mg> M, scale, hence the ID— DII strong rescattering am-

; . ; o : litude should respect SB) symmetry to a good degree.
siderably higher than generalized factorization estimptés P . . ; L
as well, suggesting that one needs to go beybngl>D SU(3) breaking effects are taken into account in the initial

considerations in the FSI framework. The alternative of hav-"coo" formations fror8 meson weak decay, which is done

ing process dependeas’s [7,8] would imply loss of predic- mﬁthe_(QC? fa((:jtp rizatiorw_rlameworllff_w_itra(fﬁ) anda(zeﬁ) as
tive power. While it is clear thad, in general will be process € e(;]tlve N ort. |s'Fance 'SOS Cﬁe |C|en|ts.|
dependent, we do abhor the loss of predictive power. In this 1US our aim is to extend the usual elaser— D

paper we wish to explore how the situation could be rem_rescattering to quasi-elasticID—DII rescattering in the fi-

edied. nal state, s *)%, andD*)%°» modes are naturally incor-
Since the data is new and still rather incomplete, our apporated. Our framewo_rk is rather close in spirit to the origi-
proach will be phenomenological, without aim for rigor or nal isospin analysis dB— D, and is as close to elastic as

completeness. Let us start from the isospin decomposition gine can get. The most general formalism involving inelastic
B—D% . D*m . andDO%#° decay amplitudes that is lu- rescatterings from all possible hadronic final states cannot be

cidly outlined in Ref[4], tgckled. In ggneral it involves large cancellation's and, statis-
tically speaking, small phas¢8]. Hopefully, and in a sense
Apo,-=\3Aq, true by duality, the inelastic effects are contained already in
al®™ andal*™ .
1 2
2 1 In Sec. Il we introduce the general framework ofTa
Ap+ = §A1/z+ §A3/2, (1) matrix, discuss its link to the optical theorem, and also fix the
phase convention. The formalism is applied to By D
1 > modes in Sec. lll. Three types of rescattering amplitudes are
Apo,0= \/;Al,z— \@As,z, identified: a diagonal “Pomeron”-like piece, and two

“Regge”-like pieces denoted as “charge-exchange” and

. - : “annihilation.” We relate these to the usual isospin 1/2 and
where the final state is emphasized. In the absence of FS 12 rescattering phases, and show that ofiy 8,— Sy

the smallness of th®°#° rate can be viewed as due to matters, as expected
cancellation between th&,,, and A5, amplitudes, which are ' ' . .
real under factorization. But these amplitudes in general be- In Sec. IV we extend from S(2) to SUS) multiplets in

1 *
come complex under FS aikboqo stands to gai strength. 12 08 BC, 0% A 0 R e The
However, the isospin or triangular relatiorAp+ ., - P ' 9 '

_ . question of whether to include the flavor singlet in the
= V2Apo,0+ Apo, always holds, We note thapo,— IS ol siate is bypassed by notir{@ the absence of data,
purely A5, and can only rescatter into itself. It is therefore hich d i th ¢ hil B DO
reasonable to maintaia®® as extracted traditionally, i.e., Which would remain the case for awhile unlé3s—D"7

the same as frorB—J/ K *), since it is too good to be just {UmMs out to be much larger thaB®—D°7, (b) Ua(1)
a coincidence. anomaly that singles out the, field, and perhaps as a con-
The formalism of Eq(1) can generat§°—>D(*)°7r° by Sequ_ence(,c) rel_ative_ly small singlet—octgtom— 7' mixing,_

. . : &P D) allowing us to |dent|_fy778§ 7 for convenience. We thus.|g-
elastic rescattering from the color-allow _ m nore n; completely in this work. We find that the previous
mode[4]. The problem is the strength of tR"—D®)°7  picture of three types of rescattering parameters still hold,
andB®— D*)%, modes observed by Belle. Theandw are  but one now has tw@-like phase differences. The extension
isosinglets, and the; mass is quite different from pions. to DV final states is treated differently. By noting that the
Thus to generateD*)%y and D*)% final states from vector mesons satisfy (8) rather than S(B) symmetry, we
D®)* 7~ andD™)*p~, strictly speaking, involves inelastic use a noneV field rather than an octet one. We refrain from
rescattering, although only in the isospin 1/2 channel. HowdiscussingD*V modes since data is scarce, and since two
ever, it may be reasonable to extend from isogpimexcel-  helicity (or partial wave amplitudes are involved.
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We carry out a numerical study in Sec. V. For tbé P P1
modes, we find two sets of solutions for the two FSI phase 2Im B-C( =% B‘Cﬁqk} :
differences, which are of order 20° and 50°. One solution is P9 k -

similar to theD* P case, and has a very tif§°—DJ K~
decay due to the smallness of “annihilation” rescattering. FIG. 2. lllustration of optical theorem, E¢6).

The other solution give®(B°—DJK~)~5x 1074, which j ,

is ruled out by experiment. FODV modes, we have two B d gy 4
solutions: one does not have annihilation contribution hence 2 'MM(Ps— plpZ)_Ej: (kl_[1 f (27)32E, (2m)*s*
j

B(B°—~D%?° ~B(B°—~D%), while the other does not
have exchange contribution and@(B°—D%°% > B(B°

py+ |oz—k§=)l qk) M(ps—{a)M*

—D%9). %
In Sec. VI we compare ourd$™ plus FSI rescattering”
approach with the viewpoint of “process dependant and X (P1P2—{0k}), ©

discuss possible future applications. The conclusion is the
offered, followed by Appendixes that give the same result
from a SU3) decomposition approach and a geomettic
angulay representation of our rescattering picture.

hich relates the imaginary part of the two body decay am-
5pIitude to the sum over all possibRedecay final state§q,},
followed by {q,}— p1p» rescattering. This equation is con-
sistent with the optical theorem to all orders of the strong
interactions but only to first order of the weak decay vertex,
IIl. FINAL STATE RESCATTERING FRAMEWORK as we illustrate in Fig. 2.
Before we turn tdBB— D 7 decay applications, let us give

Let Hy denote the weak decay Hamiltonian. We assumehe isospin structure of the related amplitudes. The respon-
the absence of weak phages they are factored oythence, sjple effective weak Hamiltonian is given by
from time reversal invariance df,(= UTH\’;VU}), one has,

Gr _ _
HW:EVcbV:d[Cl dy*(1—ys)ucy,(1—vys)b
<i;oul1HW|B>*:§j: Sji(i;outHy|B), (2 B B
+cycy(1—ys)udy,(1—ys)b], (7)
whereS;;=(i;outj;in) is the strong interactio®-matrix el-  where V.,V can be treated as real for our purpose. It is

ement, and we have usddr|out(in))* =|in (out)) which  clear thatH,y transforms like d =1,l,= 1 vector under isos-
also fixes the phase convention. Equati@ncan be solved pin [4]. It is useful to state explicitly the phase convention

by (see, for examplg9]) and the isospin structure of these mesons:
— - 1 1
(i;oudHW|B)=2| S 3) |B”)=|bd)~bd|0)~ 575/
o 11
whereA? is a real amplitude. To show that this is indeed a [B7)=[bu)~bu|0)~|5,+ §>*
solution of Eq.(2), one needs to us§; =S;; , which follows
from time reversal invariance of the strong interactions and . 1 1
the phase convention we have adopted. The weak decay am- |D")=|cd)~cd|0)~ 50 §> ,
plitude picks up strong scattering pha$&8]. Also note that
sinceSY? is unitary, we must have 11
|D%=|cu)~cu|0)~ §’+§>’

. 2_ 02
2 [(iz0ufHw|B)*= 3 (A7 @ [7) =)~ dul0)~ |1+ 1),

Equation (2) implies an identity related to the optical o uu—dd uu—dd.
theorem. Noting thaB=1+iT, we find |7°) = 2z | 2 [0)~—I1, 0). ®
. _ Note that the isospin structure is defined according to the
2 Im(i;outHy|B)= > Th(j;outHy|B). (5)  fields that create the states, such that they conform with the
i

definition of the isospin structure éf,,. One could alterna-
tively define isospin quantum numbers according to states
Thus forB decay to a two body final state with momentum and modify that ofH,, accordingly.
(p1,p2), one has the relation By isospin decomposition we hayé] [cf. Eq. (1)]

096007-3



CHUN-KHIANG CHUA, WEI-SHU HOU, AND KWEI-CHOU YANG PHYSICAL REVIEW D65 096007

AD+7T_E<D+7T_;OU'1Hw|§O> P1 q] D1
B =2B

2 1 » q . \

= §A1/2+ §A3/21 9 2 2 2

FIG. 3. lllustration of Eq.(16): two body rescattering.

Aona=(D" i oulHuE) |8|9P=29°+6° (30°+ 7°) (15)

_ \ﬁAl/z_ \/2A3/2v 1o for D)7 modes, whereS=6,,,— d3, is the phase differ-
3 3 ence betweed,, andA,,. This strongly suggests the pres-

ence of FS[7,8,11].
Apo,-=(D%7;0ufHy|B ™) As we turn on FSI, although the isospin relations still
hold, we would clearly lose control if the full structure
=3Az,, (1)  shown in Eq.(6) is employed. Even if all possiblB decay
rates can be measured, it would be impossible to know the
where phases of each amplitude. Furthermore, we know very little
_ about the strong rescattering amplitudes. However, the subset
Ay2=((Dm)1;0utHy|B°), of two body final states that may be reached via elastic res-
o catterings stand out compared to inelastic channels. It has
Azpp={(D)3;0ufH,|B° been shown from duality argumerjtk2] as well as a statis-
tical approach9] that inelastic FSI amplitudes tend to cancel
1 each other and lead to small FSI phases. We shall therefore
= ﬁ«Dﬂ')s/z;OUq Hw|B™). (120 separatéq,} into two body elastic channels plus the rest. We

first explore the familiaf4] B—~D*#~, D°#~ and D%#°
The last step follows from the Wigner-Eckart theorem. EquaCaS€; then ry to stretch the scope of elasticity.

tions (9)—(11) imply the triangular isospin relation
IIl. ELASTIC FSI IN THE Da SYSTEM

A -=42A +Apo,.—. 13 . L. .=
o 7~ = V2Ap0r0+ Apoy (13 Let us consider elastic final state rescatterin@ir D 7

We note that the sign oApo,o in Egs. (10) and (13) is ~ modes. By using EqA3), with A? taken as the factorization
different from Ref.[4], but is consistent with Ref8]. Itis ~ amplitudes of Eq(14), one has
easy to see from the above equations thef,|2+|As,l?

f
= |AD+7T’|2+ |AD0770|2' AD0777 ADOW’
The isospin relations Eq$9)—(13) are valid whether one Ap+.— | =512 AthF ' (16)
has(in)elastic FSI or not. For example, assuming factoriza- p
tion hence ignoring FSI, one has Aporo Apo0
1 A major assumption is involved here: we assume that one
ADO,TO—>AfD07To: —(—C+E), can separate hard and soft effects. The factorization ampli-
V2 tudes sum over “hard” contributions, including attempts at
incorporating the effects of the largely intractable full set
ADoﬁf—>A|f30w, =T+C, (generalized ta body) of inelastic amplitudes, illustrated for
two body final state in Fig. 2. Th8Y? matrix describes the
AD+W——>AfD+,T—:T+ E, (14) nonperturbative FSI from the factorizédlw “source” am-

plitudes. We illustrate this in Fig. 3, where the “hard” part is
whereT, C, and E are the color-allowed extern&V emis-  shrunk to a point, and we focus on two body elastic FSI.

sion, color-suppressed internal emission, and\-exchange It is instructive to show hows'? can be obtained. In the
amplitudes, which we shall discuss later. These amplitudegsual approach, one notes that with only elagtie—D 7
clearly satisfy Eq(13). rescatterings, th& matrix is diagonal in the isospin basis
The general validity of Eqg9)—(13) in fact allows one to  (isospin invarianck that is
extractA,, andAg), directly from the measured *) 7 rates B T
without any further recourse to theory. Using the Belle and Sdiag=U SU"=diag S 312, Sa2312: Swzards - (17)
CLEO average ofB(B°—D°#%=(2.9+0.5)x10 * and 1 0 0
B(B°—D*%70) =(2.5+0.7)x10" % with other rates and 1 >
7(B")/7(B% =1.073+0.027 taken from PDG3], we find 0 \/: — \ﬁ
U= 3 3 (18
A, .| expt
BT N 0.11(0.75+0.08), 0 \ﬁ \ﬁ
V2| Agy &Pt 3 3
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Unitarity then implies that the diagonal elements®ttan anday,, a,’[,l are annihilation and creation operators for the

only be pure phases, or mesonM, respectively. Equatiori21) is the most general
ois ois isospin invariant operator fdD (p,) 7(p2)—D'(q1) 7' (0d5)
S112,17= €72, Szpp 317~ €7 2. (19 scattering. TheT operator is defined such that the familiar

relation of T matrix [used in Eq(5)] and amplitudeM [used

S™ is likewise diagonal, i.e., §9)iz1,~€"2 and iy Eq.(6)] can be reproduced:

(st 2)3/2 3=€'%2. Elastic FSI is equivalent té,=e'’|Al|

with |A! | taken from the factorization approapH. The isos- (0102|T|p1p2)=(2m)*8* (a1 + a2~ P1—P2)
pin relation of Eq.(13) is clearly satisfied.
For later use we expres$? in the basis of Eq(16), XM(0102;P1P2)- (23
1 Equation(21) is unfamiliar as it is expressed directly in
creation and annihilation operators. It becomes more familiar
_ —(1+2e'5 \/7(1 eld) when expressed in fields, where we separate out creation and
51/2: el 53/2 . . f—
annihilation parts. For exampl&l andII correspond to the
2 . 1 ) annihilation and creation parts of
—\/3(1-€")  Z(2+e")
3 3
1
(20 1 -
with the overall phase' %2 (i.e., of Apo,-) factored out, and V2
¢ is the phase difference between isospin 1/2 and 3/2 ampli- B 1, ’
tudes, which is physical. T = EW

An alternative way to obtais ' is through the optical
theorem, i.e., EqY5) and(6). This approach is less familiar
and more awkward than the previous one. However, it hagespectively. The S(2) transformations ofl andIl can be
the advantage of being readily generalizable to encompasf@cognlzed since they do not mix creation and annihilation
other modes such 330—>D077 DIK~, which are now of parts One can find examples of using creation and annihila-

interest and also provide physical interpretation. To use th jon opera}ors O? the studies ofr, 7-nucleon scattering in,
optical theorem, we need to study the stroBgnatrix, or  [oF €xample, Ref[13].
equivalently theT matrix. TheT operator corresponding to 't IS important to note that the D(py)7(p,)

the matrix elemeny — for Dm— D scattering D (d1) 7' (d) scattering amplitudels! (D7 —D"#") can
in Egs. (5) and (6) Céﬁlbpez wrcth%cg;) as m m g be decomposed into the independent amplitudes

Moae(0102;P1P2). For example, by using Eq$21) and
q, (22), we have

ij= 12f(2ﬁ)32E (277)32E

M(D%7r~ —=D% )=My+M,,
X(2m)* 84 (p1+p—a1—0)DTMD’, (2D
M(D"7~—=D* 7 )=Mg+M,,
where

1
_[Ma_Me]

V2

=M(D°#°—=D*7"),

D'=(apo(py) ap+(p1)), D =(alo(qy)al.(ay)), M(D* 7~ —D%%)=

M=My(q10z;P1P2) THITTT) 1+ M (0102 p1p2) TTIT

Me(Q102:P1P2) I,
1
M(D%7°—D%%) =Mq+ 5[Ma+Me],

1
Ea,,o(pz) a;+(p2) (24)
a 1 ’ whereM; stand forM;(q,0,;p1p2). We can now make use
a,-(p2) - ano(pz) of Eq. (6) to obtain ImM. For example,
) 2ImApo,-=2ImM(B~—=D%")
T t
—awo(CI2) aW*(QZ)
_ \/E _ d3ql d3q2 . 464
II= y (22) - (27T)32E1 (277_)32E2\27T) (pl+p2
i T
a —_—
(92 \/EaWO(qZ) —01— ) X M* (D27~ — D% ") Apo,,-
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d3q, d3q, + ¢ < po
— ( 4 D
@m2E; (2m2E, 2™ O (Prt P2 d\@/\““
- - 0
— 01— 02) X[M5(9192;P1P2) e~ d [ﬂ .
* ) p | d™™ Y—d (P W
+ M2 (d192;P1P2) ] Apo,-
+ ¢ — ¢ O(pt
—(r541) Apo, (25 DY a(s) 2 (05)
where T d>®<U(s) 75 n(K™)
d3q1 d3q2 P u— - U Py “’(K*_)
*:
i_J(ZW)SZEl (2m)%2E, D+ 3 > > §D+
X (2m)*5%(py+Pa—d1—dz) M (0102;P1P2),
(26) w“] d— > d<7f_
fori=0a,e andp;+p,=pg. p ¢ vl

~ Since theD system fromB decay isS wave, Ap, is FIG. 4. Pictorial representation ) r. (charge exchange(b)
independent of the final state momentum. It can hence bﬁa (annihilation, and (c) r, (singlet exchange

factored out from the integration. Thus E@6) projects out _ o
the Swave D 7 rescattering amplitude. Similar expressionsfrom symmetry argument. In particular the coefficients of
can be obtained for Imp+ - po,o. By comparing with Eqs.  in Ed. (28) can be reproduced easily using this pictorial ap-

(5) and (6), we find proach by matching the flavor wave function coefficients.
For example, we haver{—r.)/\2 for aD* 7~ to D%#°
ImApo, - Apo, - rescattering. We see from the first diagram of Fig. 4 that the
20 ImAg,— | =71 Ap+.- 27 exchange rescatteringd) projects out theld component of

2 in the right-hand side. From our convention in E§),

Im Apoo Apo70 this give a—1/\/2 factor from the wave function oiro_.

PRk 0 0 Similarly the seocond d'iagram of Fig. 4 projects out the.
o 'e component ofr® and givesr,/\2 consequently. These dia-

. . 1 grams also provide further information. For example, in the

+ 0 rotra T(TZI —re) second diagram as we go beyond(3lJit is easy to see that

T'= 2 ' the annihilation rescatteringr{) is responsible for the

1 1 D*#~ —DJK" rescattering, since there is sguark before

E(rg—rg) r3+§(r;+r§) rescattering.
(28) IV. EXTENSION FROM SU (2) TO SU(3)
with §=1+i7. Equation(27) is consistent with Eq(16) A. DP modes

through the identity 2 In$ Y= 77SY2 for symmetricS. We
also note that/ can be diagonalized by using= UTZ,iagU,
whereU is given in Eq.(18), giving

We now generalize th&8—D = case to S(B) related

modes in the final state, such B8—D%; or DK ™. We
stress that we apply §8) symmetry only towards final state
—di 1 _ rescattering rather than to the whole decay process. It is thus
Taag=diagTo T re, TotTe, o+ 2(3ra=re)). (29 different frgm the usual application of $1¥) ?n B decays
The unitary scattering matrixS=1+i7 can be [14], where one decomposes tBemeson weak decay am-
solved by identifying the elements in7y,, with plitudes, inclu_ding the effective HamiI'Fonian itself, into dif-
2 sin(angle) expl@angle)’s, where we note that 1 ferent SU3) pieces, and try to relate different mod@dten-
+i 2 sin(angle)exp@ngle)= exp( 2angle). One can now re- times includingB decay. As argued earlier, S&3) should

produce Eq(20) by taking be a good symmetry for energetic FSI rescattering, which is
_ the case of interest. As we will see this approach gives iden-
Fo+re=2 Sindy,e' %32, tical results with the S(B) decomposition approach shown
. in Appendix A.
ro+z(3ra—re)=2sinsy £ 12 (30) It is straightforward to follow the steps through Egs.

. o ) o (21)—(30). Equation(21) remains unchanged, i.e.,
We give a pictorial representation of, r,, andrg in Fig. 4;

they correspond to charge exchange, annihilation, and flavor d3p dsqj
_ _ _ \ =1 (2m)tst
singlet exchange rescatterings, respectively. Since the quark i ) (2m)32E; (2m)%2E,
model is a representation of flavor &) [SU(3)] group, it o )
should be able to reproduce the structur&ofvhich follows X(p1+P2—0a1—0g) DTMD’, (3D
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but now the multiplets are extended 1
M(D* ™ —D%pg)=—=(Ma+ M),

V6

DT:(aDO(pl) ap+(pP1) aD;’(pl))a

M(D"7m —=DIK )=M,,
D= (abo(dy) ab(dr) aj-(a), (D7 —=DsK)=M,

_ 1
M=Mq(Q102;p1P2) Tr(I111) 1 M(D°m°—D %)= —=(Ma+ M),

23

+Ma(q102;p1p2) T IT

_ 1
+Me(d102;p1p2) T, M(D%7°—=DJK™)=—=Mj,,
V2
a
E + ﬁ a,+ ag -+ 0 0 1
V2 6 M(D"ng—D 778):MO+6(Ma+Me)a
— a o a778
I(p2) = a,- — _\/77_.4_ T ago (P2),
2 6 1
M(D%7g—DgK™)=—=(Ma—2M),
6
ak- ako - \Ea V8
3778
M(DJK™—DJK™)=My+M,, (34)
s
a;r-ro 78 al al . .
T+ T _— K~ where M; stands forM;(q,0,;p1p2)- Amplitudes for other
2 6 related modes can be obtained by noting thEtab— cd)
_ al. al =M/(cd—ab) in our case.
I1(q,) = a;rT+ _ I, a%o (92). With Egs.(24), (34), and similar extensions of Eq&25)
V2 6 and (26), we extend Eqs(27) and (28) to 2 ImA=T"A in
theD%r~, DT 7, D% D%, andD K™ basis with
t t 2, 8 s
aK+ aKO - §a7]8
(32 Me 0 0 0 0
Note that this operator can rescat®f 7, D%#° into the 0 r fa—fe latre "
. 0 + _ a a
desired stateB"ng, Do K™. J2 J6
The physicaly, " mesons are defined through
Fa—re Fatre TFa+re ra
0 _a
7\ [cos® —sind 77,3) T=rol+ V2 2 23 N
=l . , 33
7' sind  cosd |\ 7, 33 Fatre Fatle Tatre ra—2rg
where the mixing angle)= —15.4° [15]. In principle, we V6 2\3 6 6
should also includeD®7, in the rescattering process. The fa Fa—2re
additional terms can be obtained by replaclfign Eq. (32) 0 la E T la
by I1+ 1a,71(q2)/\/§ (and similarly forIT), and labeling the (35)

7, related matrix elements b/ (q.9,;p1p2). Knowing

that the L(1) symmetry is broken by anomaly and is not  where 7 can also be easily obtained by the pictorial ap-

a Goldstone bosorM/ are not identical tM; . The number proach, as we explained in the end of the previous section.

of parameters would therefore double, but experimental meaNote that7 can be diagonalized as

surements are still scarce. On the other hand, we note that the

mixing angled is quite small, so we approximate by 7. 1

Thus we concentrate on the rescattering process mvolvmg' Tiag="0 1+ diaife, ForTor —Te,=(8ra—To)|. (36)

octet pseudoscalar mesons only, as a step beyond the elastic 3

FSI discussed in the previous section. In this way, as already

shown, one again has just three independent amplitudes. Following similar procedure in the previous sectiah,
Besides Eq(24) we now have =1+i7is obtained by th€physica) substitution
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o1 .
(1+irg)e 2= (1+e?),

ir6672i53,2: %(l_GZiﬁ’),

: 1 . :
irae*2'53/2=§(—1—2e2'5 +3e?Y), (37
where ry+r,=2sindy,e' %2 as in Eq.(30), but 6=6y,,
— 83 IS now extended to two physical phase differenéés
and 6. Note thatD, Dy and 7, K, # transform as 3and 8
under SUY3). As shown in Appendix A, we can identify the
above phases as

PHYSICAL REVIEW D65 096007

By analogy to the previous section, the solution of
2ImA=T"Ais

f

Apo, - Apo-

Ap* - Abs o

Apozo | — g1 AfDoTro (39)
ADO,;8 AfDOng

Aok Absk-

whereA™s are factorization amplitudes. The matix,, can
be obtained by reducing phases $hby half. For a later
purpose we give the explicit expression 2 (or equiva-

O3p=0615, O =6¢— 0w, 0=03—6%. (389)  lently S with trivial modification of phases
J
Sl2g=id3;
1 0 0 0 0
1 L 1 L 1 /3 . . 1 .
0 - (3+2€e" +3¢€ ——=(—5+2€e"" +3¢€"’ —\ﬁ —2€l%" +¢l? —5(1+2€'% -3¢’
g ) 8\/5( ) g\Vz(l-2e7 +e) gl )
0 1 (51267136 i(11+2ei5’+3ei9) \/7(1 2! +¢€'%) -1 (14267 -3¢
= 8\/_ 16 \/—
0 \[(1 26! + 6% [(1 26! + e (9+6e'5+e"’) \[( 3+2€'9 +¢'f)
0 ——(1+2e'fs 3e'?) —— (14269~ 3 l\/é(—3+26i51+ei0) E(3+2e”’"+3eiﬂ)
8\/_ 8 V2 8
(40)
[
Just as in Eqg(16) and(20), SY? of Eq. (40) has an overall amphtudeAD+ _. As a consequence, tiie" 7~ rate will be

phase. Only phase differences affect decay rates. An overalpquced from its factorization result. Compared with the

sign change of the phases also leaves rates unchanged.
Note that charge conservation and unitarity imply

f
|ADO7T_|2:|AD07T7|2,

|Ap+ |2+ | Apo 0|+ |AD°17|2+ |ADS*|<-|2

=|Ap o P+ [Apo ol + |Apo, >+ [ Ap - -[°. (4D)

elastic case, we now have additional, but slight, leakage of
D*#~ into theD%; andDJ K~ modes. Because the mea-
sured rates of color suppressed modes are still small as com-
pared to the color allowed modes, as far ashe system is
concerned, the results do not deviate too much from the pre-
vious section.

On the other hand, since the factorization amplitubigs
satisfy the isospin triangular relation, EG4.3), one can show
that, with FSI and for any value oifDo and AD - the

rescattered\p, amplitudes also satisfy the relat|on As noted
earlier, the isospin relation should hold whether FSI is active

Since the amplitudes for color suppressed modes are small at not. To demonstrate this, it is instructive to express the FSI

the factorization level, they will be fed by the color allowed of Eq. (40) in the isospin basis. In th®°%7,

(D)3,
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(D)1, D%7g, andDJ K™ basis, theZ matrix, and simi-
larly SM), take a block diagonal form

e 0 0 0 0
0 r. O 0 0
0 o 3ra—re Tatre \/Er
2 2 28
Thiock=T o1+ Fatle Tatle Ta—2rg |’
0 O
2 6 G

(42

0
0], (43)
1

andU is given in Eq.(18). Truncating to the first &3 sub-
matrix, 7 is diagonal and one reproduces the(3\tase of
Eq. (29).

In this basis, with block diagonalize§iii2,=0 SY20T,
Eq. (39) becomes

A= S, (44)

where the first two diagonal elements®f2., are juste' %37,

while the remaining lower block governs the “inelastic” res-

catterings

: 1 o .
e_'53/2(S%f§ck)(ow)l,2,(Dw)l,f E(l-i- 6e'’ +9e'?),

. 3
e_lgslz(S%ng)(Dﬂ)l/z DO7g ™ 16(1 2e!” +el0)

: [ 3 o .
eﬂ63/2(Sé|/§ck)(D7r)1/2,D;'K*: — m(l_’_zelé‘ —36'0),

—ié 1 io' i6
e 3l2(5b|00k)D07/3D0773 16(94—69 +€'%),

PHYSICAL REVIEW D 65 096007

plitudes forD%; andDJ K~ are small, their FSI contribution
to the D7 system will be suppressed. Therefore

A1/2

‘—(1+6e'5 +9¢e'’)],
1/2

S~arg 1+6€'% +9¢e'%) (46)
are good estimates. The geometric meaning of #8§) is
given in Appendix B.

B. D*P and DV modes

The formalism can be applied to final states involving
pseudoscalar and vector mesorBVf, with only slight
modifications.

For D*(ps;N)P(p2)—D*(qq.;N")P'(qg,) rescattering,
where\() is the polarization index ang'") denotes a pseu-
doscalar meson, we replaeg(p;) andM;(q.0,;p1p2) by
ap«(p1,A) and M;(g.9,,N\";p1p2,N\) etc., respectively,
where

(9102, N |T|p1p2 N) =(2m)*8*(p1+ P2~ 01— 02)

XM(0102,1";P1P2,N). (47)
The B—D* P amplitude is expressed as
M(B—D*P)=¢%-pgApsp, (48)

wheree, is the polarization vector andp«p is a Lorentz
scalar that is independent ef and the angle between the
three-momenta ob* andP.

TakeB~—D*%7~ for example. Equatiori25) becomes

d®a; d®qy
* vo 1= 4
2 Im[(g)\ pB)AD 07 ] < f (277)32El (277)32E \277)

X 8*(p1t+P2— 01— 0dy)

X[MG(d1G2,\";p1P2,\)
+Mg(a102,M";p1p2,N) ]
Xe¥, PgApsoy-. (49)

By choosing a real basis far and noting that®, (pg- &, )2
=p2,m3/mZ .o, wherep, is the momentum ob*° in the
center of mass frame, we obtain

. 3 . .
— / 4 (¥ *
e '53/2(Sglgck)Do”8’D;K—= \/—8\/5(—3+2e'5 +e'%), 21IMApx0,-=(rg+rg) Apxo,-, (50)
with
e 1% SE2 ) = 1(3+2e“9’+3e”’) (45)
block/ DS K~,DJK~ = g =3 f 3 3 (2m)"*
= ) (2m 2E1 (277) 252
between thd =1,=1/2 decay final statesD(mr);;,, D%7s, 5
andDJ K™, which is a reasonable extension beyond the elas- X 0% (p1t P2 01~ d2)
tic rescattering discussed in the previous section. The elastic m2
case corresponds & %32 SE2 ) =¢e'? and set- D=
P block! (D) 7,(D )y X—— 8>\ Ps M{ (Q1021";p1P2,N) £y Pe,  (5D)
ting the rest of Eq(45) to zero. Since the factorization am- MgPcm

096007-9



CHUN-KHIANG CHUA, WEI-SHU HOU, AND KWEI-CHOU YANG PHYSICAL REVIEW D65 096007

which projects out théP>-wave D* P scattering amplitude. can be partially justifiedy, in principle should be on similar
Equations after Eq(32) from previous sections can be car- footing aswsg.
ried over by replacing\pp— Ap«p. We replacer, K, and g in Eq. (32) by p, K*, and wg.
The generalization t©V decay modes is again straight- By including w; we will have two more terms i\ of the
forward, except thad,—wg mixing cannot be neglected. The corresponding T matrix, namely, al (g,)a l(pz)[mo
wq (O]

physical mesons should be - - : _
+(MatMg)/3] and  [a, (pp) II+1Ia, (4,)](M,
w= \/§w1+ \/gws, + I\We)/\@. These two terms corresponddq to w; and w,

to octet rescatteringVl;, M; will reduce toM; under nonet

1 5 symmetry.
b= \[gwl— \[5“’8' (52) The 7 matrix can be obtained as before. In isospin basis
with the D%, (Dp)sp, (Dp)ip, D%wg, DJK* ™, and
Unlike the pseudoscalar case, where ignoripgcouplings D%, we have

re 0 0 0
0 ro O 0

0

0
0 o Fafe Tatre \ﬁra Tatre
2 2 2 V2
5 fatle Tatle a2 Te
Toios=diagro, 1o, 7o, To. To, To)+| O O 5 5 G 33 | (53

3 r,—2r T+,
0 o J:ra a e ra a e

2 G NE]
Fatle Tatle Tatle Ty

V2 32 3

It can also be easily obtained by the pictorial approach in theve consider rescattering amortgo'*,DS+ and the vector

w1, wg basis. Ty is identical to Eq.(42) except the addi- nonet as a first step beyond the simple elastic FSI case. In
tional sixth row and column. The solutioniige as shown in  this case we identify; andT,; asr; .

Eg. (37) and It turns out that Y3) symmetry allows only either charge
1 exchange or annihilation FSI, but not both. The two distinct
ir, e 2 %= §( 3Uzze 20— 0210’ _ 1), solgg?urlisoaoar.i andi/ are
H —2i 6. 1 2i 6’
_(_+_) 3 - (1+irg)e 3/2=§(1+e ),
i(rgtro)= ',
a e 2\/5 33 .
iree—2i§3/2: —(1_62i5,),
[~ TatTe ?
a )

wherel/ is a two by two symmetric unitary matrix that mixes

3 and3’ by rescattering as shown in Appendix A. Note that

we need two phases and one mixing angle to spedify 5
U?gwe_Zi&s/Z: \[5(1_ e2i5'

. 1 .
uge—2|§3/2:§(1+ 262|5 ),

resulting in four parametersvith an overall phase factored
out) to describe the rescattering matrix. There are too many
parameters and experiment measurements are still scare.
However, there is no A(1) anomaly in the vector sector,
and we expect (B) rather than S(B) symmetry. Therefore

),

. 1 L
Uzigie 2= 5(2+ ey, (55)
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Solution 2: TABLE I. Form factors in LF and NS form-factor models where
AP“(0?)=AP(0?)/2 andVB(g?) =VP*(¢?)/\2.

(1+ir{))e @idze=1,

LF (NS) LF (NS

FE7(m.)
F§7(m3)

ir() e~ @isaz—g, FE7(m2)
: 1 .
ir{) e”@oae=(—1+e10),
_ 1 . Fo
Usge 2= 2 (1+8e2), 6o
9 F3

FoK(m3)

FE7(m3.)
Foo(m?2)

0.29(0.27) ABD* (m2) 0.73(0.64
0.34(0.32 ABP(m3) 0.35(0.30)
0.16(0.15 APP(m3,) 0.23(0.29
0.19(0.18 AZP(m3,) 0.22(0.31)
0.70(0.63 Vee(m3,) 0.30(0.32)
0.70(0.64 ABD* (m2) 0.74(0.65
0.71(0.65 ABK* (m2) 0.40(0.35
0.42(0.32 FEK(mM2,) 0.44(0.36

) 2 )
Uzze 2%ar=2 \/;( —1+¢?7),

With theser| , which arer; in Egs. (55 and (56) with

phases reduced by half, we obtain the decay amplitudes by

) 1 .
Uzigie %= 58+ e?7), applyingA=S¥2Af,

(56)

where the formeflatten does not have an annihilatidex-
change contribution. Notice that whiled’ = g— o15 is
analogous to th®*)P counterpartg is from ¢/ and is not
equivalent tod.

To understand whyr,=0, we show the/ matrix in the
D%, D"p~, D%° D%, DIK*~, andD%¢ basis.

re 0 0 0 0 0o
0 r Fa—le TFatre ; 0
a \/E \/E a
0 Fa—Te TFatle Iagtre 1y 0
T 1 2 ’ ’ 2
=rol+
Voo 0 Fagtle Fagtle Fgtre Iy 0
V2o 2 2 2
ra ra
0 r — — Iy r
a \/E \/E a e
0o o0 0 O r, O

V. NUMERICAL ANALYSIS

A. B—DP and D*P modes

For B—Dx modes, we start from Eql4), where the
factorization amplitudes are decomposed into color-allowed
external
W-emission C), and W-exchange amplitudeE). They are
given by[4,16]

W-emission (), color-suppressed internal

Gr
T= Evcbvfjdal(mg— m3)f,FEP(m2),
Ge * 2 2 B/ 2
C= Evcbvudaz(ms_mw)fDFo (mp),
(59
Gr

E=—=VeoVig@a(mp—m2)fgF g~ 27(mg).

V2

(57)  Since the annihilation form factdt3 ~°7(m3) is expected to
_ be suppressed q12=m§ anda, is small, the amplitud& is
Note that73'=0 for i=2,3,4, soD% can only rescatter neglected. FoB®— D% we have

with itself andDJ K* . This can be easily checked by using
the pictorial method as shown in Fig. 4.

We defineTy, via SY?=1+iT},. It is easy to show that
Ty=2T,+iT,?. SU?should also satisfy the (3) symmetry
as well since it is generated by the same dynarfacgiamil-
tonian asS,, . Since the construction @k, is based on sym-
metry, we expecty, to have the same structure, or simply
with rq, . replaced byrg, .. It is then easy to show that

AD%: \/E

Gr
50, = —=VepVigaa(mi—m2)foF57(m3),  (60)

where 7,—7g mixing effect is included viaF57(m3)
B . B .

=cos9F,®—sin9F,™. We use experimentally measured

masses irAfDow, VA

fD+W, , AfDoﬂo, andAfDon. These ampli-

ﬁ/j:i(T\f/Z)ijo(rf r! (58)  tudes are real in our phase convention.

a e’

For

B—D*m, D*%, we have M(B—D*P)

for j=2,3,4. Since these elements Bf are zero, we must = (e-pg)Apxp [EQ. (48)]. Analogous to Eq(14), the factor-
haver/ ri=0 which impliesr,r,=0. ization amplituded\fD*W are decomposed into
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TABLE II. The best fits in the S(B) FSI picture. The subscript

PHYSICAL REVIEW D65 096007

TABLE Ill. The branching ratios of variou® )P modes in

indicatesDP or D* P modes. Form factor model dependence is less10™“ units. The second and third columns compare experiment with

than a couple of percent.

the factorization model. The last two columns give the best fit re-
sults with FSI parameters of Table II.

Fitlpp Fit2pp Fitp«p —
— 4 F(N ; ;
P 0.20 0.27 0.21 ;AzOde B(x107) - fac Fg;%” Fgsz
5 47.8° 17.1° 55.7°
0 24.8° —52.7° 18.2° D*m” 30=4 35.7(35.5 32.2
D070 2.9+0.5 0.57(0.58 2.93
(1+irg)e %2 0.45+050  0.91+0.28  0.32+0.47 D% 1.4733+0.3  0.33(0.39 1.43
ir e 2% 0.55-0.50 0.09-0.29 0.68-0.47 DIK™ <2.4(0.7) 0 0.03
ir,e” 2%z 0.14+0.04 —0.43-0.50  0.27-0.0% D* "7~ 27.6-2.1 29.8(29.0 26.3
D* 070 2.5+0.7 0.60(0.69 2.44
|AL! (V2A3)] 0.75 0.65 0.71 D*% 20°38+0.4 0.34(0.39 1.83
| 8110~ 831 30.2° 26.2° 28.3° DK™ <17 0 0.16
Ge malize all modes toB(D™*)°7)=[5.3(4.6)+0.5(0.4)
T=—V,Via, f,2mpASP(m?2), %1072 [3]. We then perform ay? fit to the ratios of
V2 branching ratios B(DU)* 7))/ B(D™*)077),
G B(D™)070)/B(D*)%7 ), and B(D*)°%)/B(D™*)07 7).
_LF * Bm, 2 The use of ratios reduces model dependence on form fac-
C= EVCquda? fox2mps Fy7(mp), tors, and is sensitive only @, /a;. Our numerical results for
(61) rescattering phases in LF and NS form factor models never

whereE is again neglected. F@°— D*°7 we have

G

AD*Onz \/E

VepVigaafpx 2mp«FE7(mg).  (62)

Starting fromAfD(*)P, FSI redistributes these sources into
the amplitudesAp)p, and we obtain the corresponding n

rates by
I'(B—PP)=|App|?pem/(87M3),
T'(B—VP)=|Ayp|2pS,/(87m}), (63)
where
2 Mg Pem= V[MG — (Mg +my)?][mg— (m;—m,)?]. o

Note that we factor out - pg in the definition of the ampli-
tude Ayp, so our expression for(B—VP) is slightly dif-
ferent from that in Ref[16].

In our numerical study, we fixVq=0.9749, Vi
=0.2225, V,=0.04, and

f,=133 MeV, fkx)=158(214) MeV, foe

=200(230) MeV, and,=210 MeV. Masses and lifetimes

are taken from Particle Data GroipDG) [3]. We consider
two form factor models: the relativistic light-frontLF)
qguark mode[17] and the Neubert-StedNS) model[4]. The

differ by more than a few percent. Witla,|=0.26+0.02
from fit to B— J/ /K data[16] and the range ofi;~1 to 1.1,
a,~0.2 to 0.3 from various modef4], we shall adopt
a,/a;=0.25 in subsequent discussion. We find that a larger
a,/a, is preferred for thé& P modes, but the converse is true
for D* P modes. However, foa,/a;~0.25, they?’s of best

fits to DP andD* P modes are both quite small.

The best fits for FSI phase differenc&sand 6 (or alter-
atively the rescattering parameters are given in Table II.
We do not list form factor model dependence since it shows
up often only at the third decimal place. We find two fits for
the DP case, but only one fit for thB* P modes. FoDP
modes, the set that we call “Fitl” is similar to thB* P
modes, i.e.,8'~*=50°, 6~*20°. We find that the quark
exchange strengting| is larger than the annihilation strength
|r 4] in this case. As illustrated in Appendix B, the large phase
~50° arises because of sizable strength of =% and
D)%, While 8" and ¢ effects are of similar sign for the
former, for the latter they counteract, and a lagjephase is
needed.

For “Fit2” of the DP case, we havey’ ~=*20°, 6~
+50°, implying thafr ;| >|r¢|. As we will see later, this fit is
ruled out by theB°—~DJ K~ bound. We mention a curious

use the decay constantspoint about our “Pomeron” related effect, i.ej1+ir|

=0.67, 0.95, and 0.57, respectively, for Rjtl, Fit2pp, and
Fitp«p . The first and the last are remarkably consistent with
the estimates ofS_,._,,..~0.58 [18], 0.68 and Sy, _p,
~0.76[9] at ys=mg. In contrast, Fit3p, which is already
ruled out by data, is not quite consistent.

relevant values are listed in Table I. We use the color sup- In Table Il we showA;,/(\2A3)| and|8y,— 85 ob-

pressed branching ratios of Belld], except forD*)070
modes where we combine with the latest CLEO numb&}s

For other modes we use PDG valy&s. Since the charged

tained by using the fitted strong phases. The comparison with
Eq. (15) will be discussed in the next section.
We summarize the predicted rates of various modes in

D™)%~ mode does not rescatter to other modes, we norTable IIl. The branching ratios are obtained by multiplying
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TABLE IV. The best fit phase difference f@V modes. TABLE V. The branching ratios of variou®V modes. The
second and third columns compare experiment with the factoriza-
Mode Solution 1 Solution 2 tion model. The last two columns give the best fit results with FSI
5 parameters of Table IV.
X 1.20 0.64
¢ 18.1° Mode  B(x10°%  facFNS)  Solution 1 Solution 2
o 34.8°
D p~ 79+18 100.7(101.2 98.2 92.7
(1+irg)e 2% 0.90+ 0.30 1 D% 1.8+050F 0.67(0.69 1.86 1.92
ir o201 0.10-0.30 0 D0 <3.9 0.67(0.64 1.90 3.37
ir e~ %% 0 ~0.22+0.31 D K*~ <9.9 0 0 2.73
D% 0 0 0

the fitted ratios of bran(ck)ling ratios by the measured G

central value of B(D®*)°z7). The results for _"F * BD/ 2

D)+ 7= D00 D)0y fit the data well, as expected T \/EVCbV“dalfpzm”Fo (M),

from the smally?. It is worthy to note that rates given in

Table Il satisfy the unitarity condition of Eq4), i.e., the Ge

sum of branching ratios before and after FSI is equal as C=—=VepVigarfp2m,AgP(md), (65)
shown in Eq.(41), up to small phase space corrections. This V2

clearly shows that the color suppressed modes are fed from

the D*)* 7~ mode. while E is again negligible. FoB°— D% one has

At the amplitude level, one reads from E5) that G
D*)070 DOy and DI TK ™ receive the l(a_—re)/\/i, A, = P\ gV gaaf p2m, AB®(md). (66)
(ra+re)/\6, and r, rescatterings, respectively, from V2

D®)* 7~ Indeed, by using phases shown in Table Il in Eq.

(40), the FSI contribution can be estimated by usingWe setA
1/2

f
Ao 10,0/ A s d similarly f oK
IAD(*)O’T Dgﬁ;' |+ D|(*”_Fh"3(*l):°§|°| an . th" aryf O of B%-DK*~, D% modes. We again normalize to the
D(x)0y|  an i) k- € contribution _ from D%~ mode since its rate is unaffected by FSI. We take the
D™)* 7~ alone provides 70%-80% of measu@&°7°,  p0, measurement from ReffL], while the measurements of
D)%, rates, with the remainder coming froa3 and inter- D*p~, D% modes and the upper limit d8(D%°) are
ference terms. For thB{*) K~ mode, the FSI contribution  taken from the Particle Data GrodpDG) [3].
from D®*)* 7~ is small due to the smallness of but it is Because of the reduction to one phase difference for both
still three times larger than that shown in Table Ill. Becausesplution 1 and solution 2 of Eqé55) and(56), we are able to
of this smallness, the FSI rescattering from the color supfit with just D*p~ andD°» data. We find5’ (o) to be 18°
pressed mode&ue to the nonvanishing,) throughr, can-  (35°) for solution 1(solution 2, as given in Table IV. Since
not be neglected, which reduces the rate to that shown in thée FS| contributions t®°p° andD°w are mainly fed from
Table. _ . D*p~ andAlo o~—ALo, , Eq.(57) leads to
We note that the factorizeal, contribution to color sup- p @
pressed modes show some form factor model dependence,
especially forD* P modes, but such model dependence for
fit results are rather slight. The reduced form factor depen-
dence is quite consistent with FSI rescattering dominance
over factorizeda, amplitude, sinc®*)* 7~ is the common
source. ~
In “Fit2” we find B(D:K~)=4.65x 10 4> B(D°x9), V2
B(D%%) due to|r,|>|re. This value is above the PDG o , o _
bound of B(D K ~)<2.4x10 4, and way above the recent where_ro, r,,andr; are defined in Se_c. I\_/ B. Forosoolutlon 1
Belle bound of 0.% 10" “ [19], hence is ruled out. The re- (sglutlon 9 the dominant FSI contributions tB°p" and
sults for Fit2 are therefore not shown in Table Ill. On the D" are the same in magnitude but opposgame in sign
other hand, sincér | in the D* P case is not too small, the due tor{’ (r{?)#0. This implies different interference pat-
result of B(D% "K~)~1.6x10"° may still be of interest. terns. For solution 1, we havé(D°p®) ~ B(D°w). For solu-
tion 2, sinceAfD+p_ andAfDow are real and of the same sign,

AL%:O for the factorization amplitudes

i(ry=ry) ;

f
ADOPO(w)mTADﬂO,

+(1+ir5)Apo,o)

i(risr))
—="Ap, FAFIYAL,,  (67)

B. FSl in DV modes (1+irg)e 19ae=1,
For B—Dp, Dw, we haveM(B—DV)=¢-pgApy and o
Ap, can be decomposed into Re(ir ;e '%2) =3[ coso—1]<0, (68)
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TABLE VI. The predicted branching ratios &*)K andDK* Ap)+ k- AfD(*)*K’
modes in 10* units. The second and third columns compare ex- ( - ) =gz ; , (71)
periment with the factorization model. The last three columns give Ap(x)0K0 Ap)0Ko

the best fit results with FSI parameters of Tables Il and IV.

: - : where
Mode B(x107%) fad™ ™9 Fitlyp Fitpsp Solution 1

DK~ 4207 412 L, €% 1+e? 1-e?
DK~ 2006 261 220 SH=—— 1 1464 ] (72)
DOKO 0.12 0.53
Y oL - N which is consistent with those obtained in Appendix A, and
DK B 3.651.0 3.40 the factorization amplitudes are
D**K 2.0£0.5 2.15 1.71
D* KO 0.10 0.55
f _ Ge * 2 2 BD/ 12
. o AD+K7—Evcbvusal(mB—mD)fKFo (my),
DFK*~ 5.11 4.99
DOK*0 0.09 0.21 G
f F 2 2
Apogo= Evcbvjsaz(mé_ meo) foF g (Mgo),

the FSI contribution always interferes destructivadgntruc-

tively) with Al (ALOPO). While B(D%p°) becomes larger, Af _Gr
one would need large annihilation contribution to account for D* *K~ 2
the observedD®w» data, which in turn gives rise to

B(DJ{K*") as large as 25710 *. These patterns can be

VepViss 2mps fAGP(m),

tested in the near future. f F * BK, .2
A, or0= —=VepVia, 2mps fp« F7 (MK 0),
On the other hand)®¢ only rescatters witlD K* ~, as D*OKO 2 cbVusBz ZMpx fox P17 (Mp.co)
can be seen from Eq57). It does not pick up any FSI (73

f

contribution sinceAy +,, - =0, even ifAp+¢«- is nonvan-
s S

ishing as in the solution 2 case. Observation of B where form factors are found in Tablfe I. One again has a

mode would imply some mechanism at the “source” level. tiangle relatlonAfD(*)OK*:A]I(Z)(*)+K’+AD(*)OE0'

Our fitted branching ratios and predictions for varidey The &' phase has already been fitted, and the predicted

modes are given in Table V. branching ratios foDK andD* K modes are given in Table
We note that|A;,/(\2A3,)|=0.84, | 51,— 835 =12.7°  VI. The second column is obtained by multiplying Belle

from solution 1 and|A;,/(\2A3)|=0.81, |8~ 55  Measurements of3(D™)*°K™)/B(D™)*%77) [20] by

—18.5° from Solution 2. The phase angles are somewhd®DG values of3(D*)*%77) [3].

smaller than those fdd*) 7 modes. It is interesting to note thad™*)K modes do not receive
the annihilation type FSt,,, and thek® wave function does
C. Predictions for D*’K and DK* modes not have the 12 factor as compared te°. For “Fitlpp”

_ _ _and “Fitpxp,” r, is subdominant whilelr.| is close to
Our FSI formulas can be applied readily to rescattering

between the Cabibbo suppressed mode$§:)*K~ and each %thg:r, hence we find thaB(DOKO)/B(D+OI<_;)
7 + _
D)% since they are contained in the formalism for ~2B(D 7°)/B(D" 7 7)~2x1/10 ~ and  B(D*"K")

~ B(DOKO wpio n i
D*)P. Following similar procedure as before, we have ~ ~B(D"K"). As noted, *Fit2p" is ruled out already by
D¢ K™ bound.
IMApe+k-| [ Apx)tk- In a very similar fashion, we predict the rescattering of
ImApxoco | | Apwoio | 69 prK*- into theDK*® final state, which is given again in

Table VI for solution 1 of theDV case, where one again
has  B(D°K*%)/B(D"K* " )~2B(D°°)/B(D*p~)~2
X 1/50. For solution 2r.=0 and the result is the same as the
second column for factorization.

T= ( fo re), (70) The DK* modes have yet to be observed. The factoriza-
Fre To tion predictions folD°K* ~ andD *K* ~ are about twice as
large asD*°K~ and D* "K ™, but the predicted branching
and “annihilation” is clearly impossible as can be seen fromratio for B— D°K*? is less than half oB— D*°K° in solu-
the pictorial approach. By using E¢37), we note thatS  tion 1. This is becausg | (or the rescattering phas®) for
=1+i7is automatically unitary. Therefore we obtain DV modes are much smaller than o P modes. We note

where

096007-14



FINAL STATE RESCATTERING AND COLOR. .. PHYSICAL REVIEW D 65 096007

that in solution 2 one would predi&—D°K*° to occur at  Ping the absolute value condition. That is, one resorts to a

half the rate of the solution 1 case, i.e., just the factorizatiorfomplexa,/a; itself. In this way one find$a,|~0.4 to 0.5

a, prediction. and argp,~60° could account foB— D = data, at the cost
Our formalism therefore predicts a relatively sizablenat|a,| is twice as large as from K*) modes. Reference

B(D™*)K%) at ~0.5x10"*, and expectsB(D°K*®)~0.2  [7] argues further that, while factorization no longer holds,

X10_4 (le 10_4 if solution 2 is Confil’me)i We encour- the trend of |arger and Comp|a(2 is expected from QCD

age Belle and BaBar to search for these modes. factorization[5].
Our critique is the following. First, thisd,” approach is
VI. DISCUSSION AND CONCLUSION process dependent, and predictiveness is lost. Althdaigh

We have stressed that the isospin relation of Bd), Ng';l) o 05 (S%‘Id account for the strength of observed
which follows from Eq.(1) [given more explicitly in Eqs. D~ 7 andD™ " modes, it seems commdeont:gll, wité,|
(9—(11)], holds whether one has FSI or not. This was used@ying by ~20%-30% among these a"m(*)_T’ modes,
to extractA,/,/ Ay, directly fromD*) 7 data, as given in Eq. while we know that|a,|~0.2 to 0.3 forJd/¢K®*) modes.
(15), which we reproduce here: Second, it is the need to maintain tBé*)%7~ rate that a
sizable phase ta, is invoked, although previously a smaller
and reala, gave a pleasant, consistent picture. However,
from Eq. (75) we know thata, reduces|A;,/(vV2Asz,)]
hence it represents inelastic effefgdl]. This is the reason
|5|D(*)ﬂ-on|y: 29°+6° (30°+7°), (74) why it is n_ot quite calculable_. In this sense, however,

arga,~60° is not reasonable since one expects strong can-

where it is made clear that they are extracted fiDfit)r  Cellations among numerous inelastic chaniigld2). A sta-
data alone. On the other hand, we have given in Table Il th&Stical model suggests the typical phase tob&0° [9].
values for|A.,/(V2As)| and |8y~ 83 as obtained by Third, we stress that generating E@4) by the phase and
using the fitted strong phases that take into acc@fhj*)° strength ofa, holds only when one drops the absolute value
data, i.e., by using thé\p)o,—, Apw)+,—, and Apx)o,o requirement from Eq(75), i.e., ignoring elastic FSI, as is
amplitudes of Eq(39). They turn out to be not so different common practice in QCD factorizatids]. Such FSI effects
from Eq.(74). Let us understand why. are O[as(mp)] suppressed, or g suppressed. For the
We note that|/A;,/(V2Az,)| =1+ O(A/mg)—1 in the former, clearlyag(my)~0.2~10° in radians. For the latter,
heavyb (andc) quark limit[5,7], althoughm, may not be ~One has the real problem thai; may not be heavy enough.
heavy enough. The strong phals®,,— 83, —0 in the ab- The appro_ach advocated in this paper is via quaS|-eI_ast|c
sence of short and long distance rescattering. It is intructivES! rescattering. Let us make a point by point comparison
to consider first the elastid *)7— D ™) 7 rescattering case. With the “process dependerd,” approach. First, process
Noting that elastic rescattering does not chaj#gyé from its independence is not so easily conceded. In particular, we

factorization value, forD®*)P modes we have, roughly Maintaina,/a,;=0.25 and real. Thus the proximity of Eg.
speaking, (75) with Eq. (74) reflects a phenomenological tuning done

several years ago. The philosophy is that, while we agree that
a, should be process dependent and in principle complex, we

D) 7 only

1A
v =0.71+0.11(0.75+0.08),

2 |Azp

a
f _ 2—— take the above “tuned” value as no mere accident. That is,
| A |ALd |2T—C| a .
= —= . (75 Nature could have revealed to us long ago tais strongly
\/§|A3/z| \/§|A3/2| 2[T+Cl 211+ a2 process dependent. Since keeping bajhas the parameter
a, and allowing for FSI phases cannot lead one afar, we opt to

keepa,/a, fixed as done if4]. The new experimental mea-

which deviates from 1 due to a nonzeag, which is a non-  surement ofD*)%; and D*)%» modes, rather than giving
factorizable effect. It was a happy coincidence, before theprocess dependence” irritation, can be incorporated nicely
measurement of color-suppressed modes, that tedjrig; by enlarging the scope of FSI from elastic @Jto quasi-
=0.25 and real could account fp4] bothB~—D%r~ and  elastic SU3) symmetry. This stretching of “elasticity,” to-
B—J/yK™) rates. It should be stressed that the sizablegether with maintaining process independence to a good de-
value of|a,/a,| can be viewed as determined this way from gree, makes our approach suitably predictive. Second, by
data that give$A1/2/(\/§A3/2)|zo_7_ leavinga,/a; as done befge ip4], one enjoys the success

The impact of the new experimental measurement ofvith D°7 /D" 7~ andJ/ K. The strength o, is smaller,
D970 is that one is now able to determine the strong phaséence the acuteness of inelasticity is not as severe as the
difference,| 51,— 8559 ~30°, which is not quite small. With “a,” approach. A strong phase of order 50° does emerge,
this one has two ways to proceed. but this is interpreted as due to havibg*)°7° andD*)%

As mentioned in the Introduction, Ref,8] continue to  both sizablesee Appendix B and has completely different
employ factorization formulas t®®*)°7° and hence make origins from the need for am,~60° in the large 4,” ap-
|a,| larger by roughly a factor of 2. To maintald*)%7~ proach. Finally, in comparison with the strong assumption of
and generatd,,,— 85,,, one capitalizes on E@75) by drop-  removing the absolute value condition from EJ5), we
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took advantage of the FSI approach to expand a previously Finally, we mention a curiosity. Fit contains large

commonly known “folklore” on elastic FSI rescattering. “annihilation” rescattering, which runs againB®—DJ K~

We can now comment on comparison of B@4) with — ya13 and hence is ruled out. Ritl and Fib«p, as well as
values _in Tablef . va'th 3,/2,=0.25 we find 5 00 1 of theDV case, all had exchange rescattering far
|A1’2/(\/§A3’2)|:|A1/2/(\/§A3’2)|:0'77(Q'75) for LF and  yominant over annihilation. Thus solution 2 of tha/ case
0.77(0.73 for NS form factors. Assuming elastic rescatter- is the only one where the latter is sizable and dominant. It

ing and using the formulas of Sec. I, the strength of ampll'therefore has the distinct feature ttisftp° is almost twice as

tudes cannot change, and we findd,— 83 0 . Lo .
—30.6° (29.9°) for LF and 30.6°(29.2°) for NS form fac- large asD"w, with Dg K™ not much smaller. However, if

tors. Note that the form factor dependence is very weakthis were realized, then one would exp&Ct—D°K*° to be
With rescattering among $8) multiplets,Al,, can now feed at the factorization rate and much weaker tHafK°® and

other color suppressed modes via rescatteitg (45)]. The  p*9K©, which would be rather peculiar. We would therefore
D™)%~ mode still cannot rescatter to other modes, Sonot be surprised if solution 2 gets ruled out soon, and one
|Agd = A=|Apo,-|/V/3. Thus from unitarity we expect might then conclude that rescattering is largely in terms of
|Av2l Az <AL/ Ay in the presence of quasi-elastic FSI. the classic “charge exchange” type. This may also explain
We see from Table Il thaAy,,/Aq] is reduced from the why KK modes are so far unseen. In this vein we wish to
factorization results t;y 3% and 16% respectively, for Ff1 o mary also that we have not exhausted the predictiveness of
and Fit%p, and by 5% for Fig«p . Except the second case, . anoroach. For instance, one could generate “wrong
which is ruled out byB°—>DS+K‘ data, the deviation from charge” B>DPK decavs viaD- 7°—DPK~ and D= ="
elastic FSI is mild. This reflects the fact that the color- —g—o i y s =
suppresse® *)% rate is still small compared ©®*)*+~, ~ —D K" rescattering fromV,, suppressedB—Dg ",

The strong phasesd;,— ds7 in Table Il agree rather well Ds 7" decays. The rescattering matrix can be adapted from
with the directly extracted onelEq. (74)] as well as the results presented here, but the latter decays have yet to be
elastic ones, and the validity of El6) as good estimates is observed.

born out. In conclusion, we advocate in this work the possibility

A principal rﬂotivation and interest in understanding that the recently observed host Bf=D°h° modes may be
color-suppresseB— D®*)°h(*)% modes is its possible impli- hinting at final state rescattering. In contrast to a suggestion
cation forB— K and 7 final states. These modes have of a larger and complex,, we extend the elasti®*)
been one of the focal points iB physics in recent years —D®)z FSI picture to quasi-elasti®®*)P—D®*)P and
because it provides rich probes 6fP violation [22] and DV—DV rescattering, wher® is the pseudoscalar $8)
possibilities[23] for new physics. We note that the effect of octet, andV is the vector 3) nonet. In this way we are able
a, is rather subdued in these processes, but our picture @ accommodatd®*)°7, D% modes in a unified setting.
rescattering may still be realized, hence these processes pnegr D*)P modes, we find that data give rise to two rescat-
vide more fertile testing ground for FSI. Effects of FSI res-tering phasess’ ~50° and §~20°, where the need for a

cattering onK, 7 final states have been discussed in thejarge phase comes about because of the strength of both the
literature[9,12,18,24. In particular, it has been stres§@b] [ (x)o_0 andD™*)%; modes. FoDV modes, nonet symme-
that large rescattering phases Knwr—Km and mm— a7 try reduces the number of physical phases to one, of order
could have dramatic impact on such charmless final states. §0°-30°. The emerging pattern is that of “charge exchange”
phases analogous ® ~50° can be realized, thé°7° and  rescattering, rather than “quark annihilation.” We predict
0.0 i - —

77~ modes could get enhanced while thé =~ mode sup-  (ather smalB®—D{*)*K~, DJK™*)~, andD°¢ rates, and
pressed. Direc€ P rate asymmetries could soon be observedDopozDow although in one solution one could have

i i i i u 10, — 2
in K7 modes, in particular in the “pure penguirK®mr D%%=2x D% and BOHD;K(*)‘~3><10‘4, which can

mode, while form°#° and =" 7~ modes they could even ) &P ()01 0o%0
reach 50%—60%. The formalism is a straightforward extenP€ €asily cheglied. We expeﬁ — D™ K" and D K* ™ to
be at 0.5% 10 * and 0.2 10 “, respectively, which is siz-

sion from the one presented here. Rather thdh—BDII ; o .
rescattering, one now needs to studiyi — IT11 rescattering. able. While these predictions can be tested experimentally,

It is interesting to note that the factorization “sources” for all the K, 7 charmless final states are even more promising,

— . . if FSI phases are as large as 50°, because one then expects
four K7 modes are sizable, unlike our present case wher

Father sizable diredE P asymmetries with a distinct pattern.
the D* 7~ mode is the singly large source. Thus the cross- y P

feed between channels would be different. Furthermore, the
CP violating rate asymmetries provide additional leverage to
check for the presence of FSI phases. In this sens& the

mm (PP in broader sengesystem is richer than our present  This work is supported in part by the National Science
D®)P case. It is interesting that the physical picture'pls  Council of R.O.C. under Grants NSC-90-2112-M-002-022,
still applicable with an additional annihilation rescattering NSC-90-2811-M-002-038, and NSC-90-2112-M-033-004,
term, due to possible final states consisting?®. Our study the MOE CosPA Project, and the BCP Topical Program of
is underway and will be reported elsewhere. NCTS.
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APPENDIX A: SU(3) DECOMPOSITION
OF THE RESCATTERING MATRIX

It is well known thatD®*, D and 7, K, » transform,
respectively, a8 and8 under SU3),

5(§):(D° D* D;),

78 + +
—t = ™ K
V2 6
0 78
I1(8)= T -+ = KO
NG

(A1)

The5(§)®1'[(8) can be reduced into% a6 and a5, i.e.
(see, for exampld,13])

T(3);=D|I}, T(6)"=€""DIT;+€™D,II,

PHYSICAL REVIEW D 65 096007

DK% —|DK*)—2|D¢ %)

2
|ID°KO+ D7)
2 : (A4)
(S=1,1=3%): IDIK™), |DIKO; (A5)
D*K%+|D°K*)+ y6|DJ
(s=1,|=0):| )+| )+ 6| s 78) (A6)

22

(S=0,1=3): ID*#"),

1 2
§|D°Tr+>+ \[5|D+7r°>,

1

2
\/§|D+777>— \/;|D0770>, D7), (A7)

(S=0,1=1):
2|D%7*)— 2|D* 7% +3/6|D* 75) — 6/DIK)

T 1 '
T(18)=DlIj+ DIl = 7 6,Di11j— 7 5D a6
A2) (A8)
+, - 0,0 0, \_ -
The SU3) symmetry of strong interaction enforces the 24 by 2|t )+ ‘/§|D m >+3‘/6|D 7)— 6|Ds K™) .
24 scattering matrix having the following form 4.6 '
(A9)
15
§M=¢BY, |T(15);a)(T(15);a] _ |DTK")+|D%K?)
P (S=—1,1=1): |D*KO), . |D%K7).
6 2
+€%3) |T(6);b)(T(6):b] (A10)
b=1
, Similarly |T(6),b) are
+e%3 [T(3);e)(T(3);cl; (A3) ID*K*)— D7)
. (S=1,1=1): ,
N
where |T(15);a), |T(6);b), and|T(3);c) are orthonormal F10\ O + + 0
SU(3) basis for the irreducible representations shown in the DK% —ID7KT)+ ﬁ|DS m >,
above equation. 2
Although the 24 by 24 rescattering matrix is diagonal in 0L 0 .
these basis, we may not need all of them in a realistic situa- [D°K®)—|Dg @) (A11)
tion. For a final state with given strangness and isogpin NA '
electric charggit can only rescatter to other final states hav-
ing the same quantum numbers. For a later purpose, we giv(eszo I=1):
the explicit forms of these basis. By proper linear combining v
states within the same multiple, as shown in E42), 2|D°7-r+>—\/§|D*w°)—\/€|D+n8>—2|D§E°)
|T(15);a) can be classified according to strangthn@&snd 2 ,
isospin(l)
2|D* ) +2|D%7%) — 6| D7)~ 2|DIK ")
DK™ +|DI#m* 4 ’
(S=1,1=1): | )+15s >,
V2 (A12)
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ID*K™)—|DOK?) A
(S=—1,1=0): . (A13) 73
V2 12An
el Ve
The|T(3),c) are BAgy J6Ag0
*/—Alll
(S=0,1=1/2): ’

/i Afuz = 2A3/2

6|D%7")—3\2|D* 7%+ \/6|D " 7g)+6|DIK)

BAgy
46 ’
FIG. 5. Geometric representation Bf>DP rescattering of Eq.
6D* 7 )+3\2|D%%)+ B|D ) +6ID;K ) (g ’ oo
4.6 ’
(AL4) APPENDIX B: GEOMETRIC REPRESENTATION
We give the geometri¢triangula) representation of our
results in this appendix. For simplicity of presentation, we
' 3|D K% +3|DK )~ \6|D ] 7g) consider the leading FSI contribution and drop #hecontri-
(S=1,1=0): 26 : bution. The triangular relation for thB 7 system, Eqs(9)
(A15) and(10), and the FSI formula foD%y, DIK™, Egs.(44)
and (45), will then be reduced to
- . . . . - 2
With this basis, it is then straightfarward to obtaii? by \/§AD+77’ = Agt \/EAl,z,

using Eq.(A3). As noted before we only need final states

with same quantum numbers for rescattering. For example,

| = 3/2 states can only appearis, hence We_identifﬁg,z as \/—Al/z— G (1+6e'5 +9e'?) (\/_e' Saopt 1),
815. ForS=—1 andQ=0, we only haveD°K® andD *K~

for rescattering. By using two neutral aig= —1 states in

15 and 6, respectively, we immediately obtat? in Eq. VBApos0= —2Ag5+ \2Ap,
(72). Similarly, by usingS=Q=0, |=3/2,1/2 states il5,
_ ; e ih Q2 1 - ) :

?;;dli& 1/2 states in 6 and,3we obtainS~< in Eq. (40) V2Ap0 :1_6(3_66“5 +3el0)(\/§elﬁ3/2A§J2),

We now turn to thédV case. The S(B) decomposition of (B1)
DV final states can be obtained by replacingK, and g in \/§AD077’:3A3/2:
the DP case byp, K*, andwg, respectively. However, there
is another3 aslT(3 );iY=|D(3);w,). This3’ can mix with Aoik- 1
the previous3 with a two by two symmetrigdue to time = 1-26% + 3¢ 6)(\/— el %At 2

(—
reversal invarint unitary matrix/*2. We have V3 16

15 Agp=€'%2AL,,  2A],=2AL,,
SyP=€’m2 |T(19):a)(T(19):a|
as where the last equation follows fromBAL, o=—2A%,
8 +2A!,=0 when a,=0. Equation(13) still holds, and
+é ‘%bgl |T(6);b)(T(6);b] |Ag=|ALl, but we now havdA,,|<|A!, due to quasi-
elastic rescattering.
We illustrate the amplitudes of Figh, i.e., 8’ =47.8°
+ > 2 |T(m);c)UU¥2(T(n);c|, (A16)  and #=24.8°, in Fig. 5. TheD* P case is similar. We have
mn=33" ¢= chosen thex axis to coincide withAg,. Sinced’ and 6 are
of the same sign, when considering o)y #°, there is no
for the DV rescatering matrix. Note that the symmetric mix- heed for a large angle, and’~ 6~ o= 6y,— 83,~30°
ing matrix/*? can be parametrized by two phases and onavould have been good enough. However, becaubas the
mixing angle. We need four paramters, including three phas&ame sign as’, as we can see from Fig. 5, the third phaser
differences and one mixing angle, to discribe % FSI  contributing toApo,, i.e., 3'?/16(e'%32\2A! ), turns back
case. On the other hand by nonet symmetry we reduce theand tends to reducé_ADo We therefore need to start with
to only one paramete(in addition to an overall phagdut a largerd’ to compensate Thus the relatively large phase
with two distinct solutions as discussed in Sec. V. 8'~50° is driven by the strength of the measuig@° )
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and B(D°7°). Note that in this case thé' and ¢ phases Inspecting the generation &fp -, however, we see that
compensate strongly for each other agl - is small com-  the effects ofs’ and # now add to each other, and would
pared toApo,, and Apo 0. generate too large B(DJK™) that is already ruled out by
For Fit2 of theDP case,é’(=17.1°) andd(=—52.7°)  data, hence the case is not plotted.
are opposite in sign. This favors the generatio8f; since We also refrain from plotting the case fdrvV modes for
the effects of6’ and# add to each other. However, we would the following reasons. First of all, because of relatively
need a larg® phase to overcome the effect 8f to generate  weaker rescattering, the, effect is more prominent than in
the D°#° mode, i.e., to account fdi|=|8,,— 83 ~30°.  theD*)P case. Second, some discussion is already given in
Otherwise, we will have too small Apo,0 amplitude. Same Sec. IV B, where a comparison is made between FSlagnd
as the previous case, a large phase of order 50° is neededdontributions. Decomposing inté, and Az, amplitudes
account for the strength of both tiE’7° andD°; modes.  does not make the case clearer.
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