NUCLEI AND NUCLEAR REACTIONS

PACS 13.25.HW

H. MEHRABAN, A. ASADI

Physics Department, Semnan University
(P.O. Boz 35195-363, Semnan, Iran; e-mail: hmehraban@semnan.ac.ir, amin_ asadi66@yahoo.com)

FINAL STATE INTERACTION
EFFECTS IN B° — D% D° DECAY

The exclusive decay of B® — D° D° is calculated by the QCD factorization (QCDF) method
and a method involving the final state interaction (FSI). The result obtained by the QCDF
method was less than the experimental value, which indicates the necessity to consider FSI. For
the decay, the D+D_*, K+*K_, ptr, pn°, D;*Dj', and J/yr°® via the exchange of
7 (p7), Dy (D5"), D=(D~"), D°(D°"), and K~ (K~") mesons are chosen as intermedi-
ate states, which were calculated by the QCDF method. As for the FSI effects, the results of
our calculations depend on n as the phenomenological parameter. The range of this parameter
is selected to be from 0.8 to 1.6. If n = 1.4 is selected, the theoretical result fits the experimental
branching ratio of the B® — D% D° decay that is less than 2.9 x 10™%. Our results calculated
by the QCDF and FSI methods are (0.134 0.11) x10™* and (2.24 0.08) x10™*, respectively.
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1. Introduction

The importance of FSI in weak non-leptonic B me-
son decays is investigated, by using a relativistic chi-
ral unitary approach based on coupled channels [1-3].
The chiral Lagrangian approach is proved to be reli-
able for evaluating the hadronic processes, but there
are too many free parameters, which are determined
by fitting data, so that its applications are much con-
strained. Therefore, we have tried to look for some
simplified models, which can give rise to a reason-
able estimation of FSI [4, 5]. The FSI can be con-
sidered as a re-scattering process of some interme-
diate two-body states with one-particle exchange in
the t-channel and computed via the absorptive part of
the hadronic loop level (HLL) diagrams. The calcu-
lation with the single-meson-exchange scenario is ob-
viously much simpler and straightforward. Moreover,
some theoretical uncertainties are included in an off-
shell form factor, which modifies the effective ver-
tices. Since the particle exchanged in the ¢-channel
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is off shell, and since final state particles are hard,
the form factors or cutoffs must be introduced to the
strong vertices to render the calculation meaningful
in perturbation theory. If the intermediate two-body
mesons are hard enough, so that the perturbative cal-
culation can make sense and work perfectly well, but
the FSI can be modelled as the soft re-scattering of
intermediate mesons. When one or two intermediate
mesons can reach a low-energy region, where they
are not sufficiently hard, one can be convinced that
the perturbative QCD approach fails at this region or
cannot result in reasonable values. If the intermediate
mesons are soft, one can conjecture that, at this re-
gion, the non-perturbative QCD would dominate, and
it could be attributed into the FSI effects. Because all
FSI processes are concerning non-perturbative QCD
[6], we have to rely on phenomenological models to
analyze the FSI effects in certain reactions. In fact,
after the weak decays of heavy mesons, the parti-
cles produced can re-scatter into other particle states
through the non-perturbative strong interaction. We
calculated the B® — D% DO decay according to the
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Fig. 1. Some quark diagrams illustrating the process BY —
— DO DO

QCDF method and selected the leading order Wil-
son coefficients at the scale m; and obtained the
BR(B® — D% D% = (0.13 £ 0.11) x 10~%. The FSI
can give sizable corrections. The re-scattering ampli-
tude can be derived by calculating the absorptive part
of triangle diagrams. In this case, the intermediate
states are DYD~", Kt K~ ptn—, p°2° D; D},
and J/+m°. Then we calculated the B® — D° D de-
cay according to the HLL method. Taken FSI correc-
tions into account, the branching ratio of BY — D°" x
x DY becomes (2.240.08) x10~%, while the experi-
mental result for this decay is less than 2.9 x 1074 [7].

This paper is organized as follows. We present the
QCDF calculation for B — D% D° decay in Secti-
on 2. In Section 3, we calculate the amplitudes of the
intermediate states of B - DtYD~", BO - K+ K~
BY — ptn~=, B = p%z° B° — D7 Df, and B —
— J/¢7° decays. Then we present the HLL calcu-
lation for the B® — D% DO decay in Section 4. In
Section 5, we give the numerical results, and in the
last section, we have drawn a short conclusion.

2. QCD Factorization of B® — D°" D° Decay

To compare QCDF with FSI, we explore QCDF anal-
ysis. In this case, we only have the current-current,
penguin and electroweak penguin, annihilation ef-
fects. These contributions are small, but it is inter-
esting and necessary to discuss them. For the anni-
hilation amplitude, when all the equations for ba-
sic building blocks are solved, it is found that the
weak annihilation kernels exhibit the endpoint diver-
gence. Divergence terms are determined by fol dz/z

and fol dy/y. For the liberation of the divergence, a
small € of the Aqcp/Mp order was added to the de-
nominator. So, the answer to the integral takes the
In(1+¢€)/e form, which is shown with X 4. Specifically,
we treat X 4 as a universal parameter obtained by us-
ing pa = 0.5 and a strong phase for VP (M; M>) case,
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¢4 = —70° [8]. According to Fig. 1, we obtained the
annihilation amplitude as

AB® — D" D°%) =

G
= ZTZfoDfD*(bl + 204 + 2bgew ), (1)
where A, are the products of elements of the quark
mixing matrix. Using the unitarity relation A, + A, +
+ A\t = 0, we write

Ao =D VerVpas (2)

p=u,c

and by, by, and bgew correspond to the current-
current annihilation, penguin annihilation, and elec-
troweak penguin annihilation. These non-singlet an-
nihilation coefficients are given as

C )
by = FZClAﬁv
cfF . )
b= rleadi + oy, (3)
¢ e ) )
b4,EW = N7F2[610A11 + CgAé],

c

where ¢; are the Wilson coefficients, N, is the color

number, and

2
Al ~ — AL =27 {9 <XA4+ 7;) Jrrfrf*Xf‘], W
4

N2 -1
Cp=—% .
PN,
For D° and D°", the ratios are defined as
D0 _ 2m%0
x (mp _mu)(mtt'i‘mu)7

pot 2mD0* fé)_o*
X my  fpor

3. Amplitudes of Intermediate States

For the B® - D*D~", B® - Kt'K—, B® — ptrn—,
BY — p%7° BY — D7 D¥, and B — J/¢r° decay
amplitudes, we use

A(B® - DTD™") = —iV2Gr fpmp- (ep-pp) AEP”
x {(a1 + a2) Ve Vg + aa + 10 + 7 (a6 + ag)|Ap} +

X

Gp
ik AV Vi
Z\/éfoDfD {1 bVed

1 1
+ [bB +2by — ibgew + 2b4eW:| )‘p}v (6)
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where
c ; ;
by = <5 [eadi + es(A} + Af) + Neco A,
C
S (7)
%[CgAa + er(AL + AL) + Noes Al

c

b3, pw =
Here,

AL =0, A} =2ra,(rP +rP7)(2X3 - X4),  (8)
and

. G
ABY - Kt'K™) = +i72foDfD* X

1 1
X {bﬂ/‘cbVC’; + |:b3 + 2by — §b3eW + 2b4eWi| )\p}. (9)

AB® = ptr) = —i\/EGFfwmp(sp -pB)Ag;p X
L 1 o 1
X (a1 +a2)Vuqud+§ a4—|—a10+rX a6—§a8 )\p +

GFp .
+Z\/§fo7Tfp{b1Vuqud +

1 1
+ |:b3 + 2b4 + §b3eW + 2b4eW:| )\p}a

where N

vo — 2mp J5
)

x my fp

and

A(B® = p°7%) = —iV2Gp fam, (e, pp)ASP x
x 1 3
X {a2Vuqud + |:a4 - 50110 + 5(@7 — ag) X

1 G .
X Ti (a6 — 2a8):| /\p} + Z\/ngfﬂ'fp{blvuqud‘i’

1 1
+ |:b3 + 2by — ibgew + 2b4eW] )\p}.

AB° —» D7 D¥) = i?/ngstst* X

X {blvcbvgg + [21}4 + ;b4ew] )\p}.

A(B® = J/yr°) =

= —iV2Gp Mg/ (€5/4 'pB)fDA(J)B_}J/w X

< Ve Vigaz + Aplas + 1)/ (a5 + a7 + ag)]},  (14)

where B
e 2maye Jg
X

e (15)
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4. Final State Interaction

of the B® — D° D° Decay

For B® — D% DY decay, two-body intermedi-
ate states such as DTD~", Kt K~ pta—, pon°,
D; Df, and J/in° are produced. We can write
out the decay amplitude involving HLL contributions
with the formula

AbsM (B(pg) — M (p1)M(ps) — M(ps)M(ps)) =
3 3
B %/ QECi(I;r)ff QEi(IQ)jr)S (2m)*6* (pp — p1 — p2) X

(16)

X M(B — MlMQ)G(MlMQ — M3M4),

for which both intermediate mesons (Mj, Ms) are
pseudoscalar. The absorptive part of the HLL dia-
grams for the VP case can be calculated as

AbsM (B(pg) — M(p1)M(p2) — M(p3)M(pa)) =

1 d3p1 dSpQ 44
- 5/ 2Ey (2n)8 2B, 2y (o) 0 (P —p1—p2)Verar X

x {2a;my (e3,.pB) (AT ™Y + fv FP7T) +
+ fBfpfvbi}G(Mi My — M3My),

where M(B — M;M,) is the amplitude of the
B — MM decay that is calculated via the QCDF
method, and G(MiMs — M3M,) involves the
hadronic vertex factor defined as

(D*(e3,p3)m(p2)[i£]|D(p1)) =
= —igp:kpes.(p1 + p2),

(D*(e3,p3)p(e2, p2)|i£]D(p1)) =

— MY B
= V29D D, K*EpvapEhel DIDy-

(17)

(18)

The dispersive part of the re-scattering amplitude can
be obtained from the absorptive part via the disper-
sion relation [6, 9]:

o0

/
DisM(m2B) — E/Absi]\/l(s)ds,v

! _ 2
T s’ —myg
S

(19)
where s’ is the square of the momentum carried by
the exchanged particle, and s is the threshold of inter-
mediate states. In this case, s ~ m%. Unlike the ab-
sorptive part, the dispersive contribution suffers from
the large uncertainties arising from the complicated
integration.
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4.1. Final State Interaction

in the B — DTD~" — D° D° Decay

The quark model diagram for B — DT D~ — D D
decay is shown in Fig. 2. The hadronic level diagrams

are shown in Fig. 3.
The amplitude of the mode B®— DT (p;)x

x D~ (g2,p2) = D (£3,p3)D°(p4) is given by
—iGp
Abs(7a) = ——— x
(7a) NG

BP, &P, "

. / 25 (am)P 2Eg(an e o) 0 (P P p2) X
21

x (—igp~kp)es.(p1 + ¢)(—igpr p-) X

x e (—q) {amm(@.pofDAgD* ‘

x [(a1 + a2) Ve Vi + (as + 127 (ag + as) + a10)A,] —

—fefpfD* |:b1VcbV::>:i+
+ <b3 +2by — %biieW + ;béleW) /\p]}W7
= ng*KDQDKD* X
1
x/|P1|d(cost9) X {ZHlmD*fDAOBD* X
x [(a1 + a2) Ve Vi + (aq + 727 (ag + as) + a10)A,] —

— fefpofp~ [blvcbvd +

C C
200 0O
wl." d
JocC

1
(bs +2by — §b3eW +

Fig. 2. Quark level diagram for B® — D+D="

> D°
Fig. 3. HLL diagrams for the long-distance t-channel contri-
bution to BY — D" DO

866

1 F2(g2,m2)
—bge H- -\ OTPKT 2
N

where
Hy = (e2.p1)(2.p4)(e3.p1) =
E — B cos
_ (_ P1pa+ (Pl‘pz)Z(Pz.m))( 1ps] 3|p1] )
Mpx mp|ps|

(e3.p1)(e2.p4) =
(E1p3 E3|p1|c089>(E4p2—E2|p4|c059> (21)
mp|pal mp|pz|

Ty = (p1—p3)>—mi =pi+p3—2pp3+2p1.p3—mi,

q* =m? +m3 — 2F,F3 + 2|p1||p3| cos§ =

=m% +mb. — 2p{p3 + 2|p1||p3] cos b,

0 is the angle between p; and ps3, ¢ is the momen-

tum of the exchange K° meson, and F(¢*, m%) is the

form factor defined to take care of the off-shell of the

exchange particles, which is introduced as [1, 10]
A2 —mZ\"

P my) = ().

The form factor (i.e.n = 1) normalized to 1 at
¢®> = m?% The quantities my and ¢ are the phys-
ical parameters of the exchange particle, and A is
a phenomenological parameter. It is obvious that, as
q®> — 0,F(q?,m2%) becomes a number. If A > mp,
then F(q%m%) turns to be 1, whereas, as ¢> — oo,
the form factor approaches zero, the distance be-
comes small, and the hadron interaction is no longer
valid. Since A shoud not be far from myg and ¢, we
choose

(22)

A=mg+ 77AQCD7 (23)

where the 7 is the phenomenological parameter. Its
value in the form factor is expected to be of the order
of 1 and can be determined from the measured rates,
and

Abs(7b) — —*CF

X
21/2)
/ 3Py 3Py
2E1 (27’()3 2E2(27T)3
1

(2m)*0"(pp — p1 — p2) X

~iV29p KD )Epvapeh € DSDs (V20D kD) X

X spgknsge‘%*p%pz {QmD* (52_p1)fDA63D* X
X [(a1 + a2) Ve Vi + (ag + r (aG +ag) + a10)A,] —
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— fefpfp- [blvcbvcti +

1 1 F2(q?,m3.)
+ (bg + 2by — §b3eW + 2b4ew> )\p:|}TQ =

1
iG
= WQDK*D*QD*K*D/I|P1|d(0059) X

X {2H3mD* (e2.01) fDATY” |:(a1 + ag)Va V2 +
+ <a4 + 7‘5* (a6 + (18) + a10) )\p:| —

1
— fefpfp- [blvcch’Zl + (bg + 2by — §b3eW +
1 F2(q%, mi.)
- H, W\ MR
o a0
where
Hjz = m3(p1.p2) — (p1.p3)(p2.p3)+
Jr(Ez|p3| — Es|ps| cos@) y

mB|P3|
x[(pB.p1)(P3.p4) — (PB.P3)(P1.P4)],

Hy = 88 pornss D Pa 5% oD,

Ty = (p1 — ps3)® — mi. = p} +p3—
—2p7p§ + 2p1.ps — M,

q* =m? +m3 — 2E,F3 + 2|p1||p3| cos§ =
= mY +mp. — 2pip3 + 2|p1[ps] cos 6.

The dispersion relation is

. 1 OoAbs3a s") 4+ Abs3b(s’
Dis3(m%) = 7/ (') 5 ( )ds’. (26)

I _
™ S mp

S

4.2. Final State Interaction
in the B® - KT"K— — D° D° Decay

The quark model diagram for B 5 K"K~ — —
D% DY decay is shown in Fig. 4, and the hadronic
level diagrams are shown in Fig. 5. We have

—iGp Py &Py
2v2 | 2E1(27)3 2E,(27)3
-1

Abs(5a) =

x (2m)*6* (pp — p1 — p2) X
X (=igrrp*)es.(p1+q)(—igr-kD)e2.(—q) [B K free X
ISSN 2071-0194. Ukr. J. Phys. 2014. Vol. 59, No. 9

L » D°

Fig. 5. HLL diagrams for the long-distance t-channel contri-
bution to B® — D" DO

1 2 2,m2
X bququ*d—i— 2bs + =baew /\p(qiDs) =
2 T
.G 1
—iGp
= - w (Fen Pild(cos8) x
8\/§7TmBgKKD 9K KD/| 1| ( )

1
X fBfrfr~ |:b1VubVJd + (264 + 2b4eW):| X
F2(¢*,m},)
Ty

X Ap Hy, (27)

where

Hy = (e3.p1)(e2.pa) =

_ (E1 |ps| — Es|p1| cos 9) <E4|p2| — Es|p4| 0059)
mp|ps| mp|pz| 7
Ty = (p1 — p3)? —WQDS =pi+p5—

(28)
—2p{p8 + 2p1.ps — mp,
q* =mi +m3 — 2F,E3 + 2|p1||p3| cos§ =
= mi +mp. — 2pp3 + 2|p1||ps| cosb,
and
—iGp 3P, d3Ps o
o2 ) 2B, (2n)3 2B, (2n)?
—1
x (2m)*6*(pp — p1 — P2)(—iV2gK K- D) X

w_v o f . poo AT
X sumﬁgsgmplpg(_Z\/igK*K*D)spakn525K*p2P4 X

1
X fBfK [r~ |:b1Vuqu*d + <2174 + 2b4ew)] X

F2(q27m2D;‘) o ZGF %
T = 8ﬂﬂmBgKK*D*gK*K*D
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AT

d d L u
Fig. 6. Quark level diagram for BY — ptz—

D’ S

Fig. 7. HLL diagrams for the long-distance t-channel contri-
bution to BY — D9" DO

1
/\P1|d cos ) fpfr fi~ [bl Vb Vgt <2b4+254ew)] X

F (q 7m *)
XAP7D5‘H2’

B (29)

where

Hy = uvapSporn®h i PIP3 5% P2P],
Ty = (p1 —p3)? —mb. = pi +p3 —
—2pYp3 + 2p1.p3 — mp.,

q°> =m} +mj — 2E E3 + 2|p1||ps| cos 0 =
=m3 +mb. —2pp3 + 2|p1||p3| cosb.

The dispersion relation is

1 T Abs5a(s’) + Abs5b(s’
Dis5(m%) = —/ b5a(5/)+ \Ds5 as (31)
T S —mB

4.3. Final State Interaction

in the B® — ptn— — D% D° Decay

The quark model diagram for B® — pt7— — D9 DO
decay is shown in Fig. 6, and the hadronic level dia-
grams are shown in Fig. 7. We have

—iGp
2v2
x (21)*6* (pp—p1—p2)(—igrpD~)es. (pP1+q)(—igrpD) X

868

P, &P,
2B, (2m)3 2F,(2m)3
-1

Abs(7a) =

X €2.(—q) {2mp(€2,P1)an(I)3p {(al + a2) Vo Vg +

+;(a4+r§(a6—;as> +a10) :| fowfp

1
X |:b1 Vs Vg + (bs + 2by + §b3ew +

1 F2(q*,m3,)
+ 2b4eW) >\p:|}7-‘17

e .
= 78@7?1713 9rDD*9pDD
1
X / | P1|d(cos 9){2H1mpfﬂAé3” {(al + ag) X

-1

1 1
X VubVJd + 5 (a4 + 7"'; (aﬁ — 2@8) + a10> )\p:| —

1
—IBfxfo [b1VubV + (b3 + 2by + §b3eW +

1 F2(¢%,m})
+ 2b4eW> )\p:| Hz} Ta (32)
where
(€2.p1)(e2-pa)(€3.p1) =
— Es|p1]| cos 9)
m2 mg|ps| ’

Es p1)(€2 P4)
1|ps| — E3|p1| cos 9> (E4p2
mB|p3
—p3)? —mi =pi +p3—

— Fs|p4| cos 9)
mp|ps| * (33)

e (p1.p2)(P2.p4)\ (E1lps|
( o I
E

- 2p1p3 +2p1.p3 — mp,
> =m? +m3 — 2E,E3 + 2|p1||p3| cos ) =

=m2 +m%. — 2p%pY + 2|p1]||ps| cos,
and
—iG d>P 4P
Abs(7) = —2F ! 2_(2m)*

2\/5 2E1(27T)3 2E2(27’(’)3
-1

X 54(173 —p1—p2)(—igrp-D*)es.(P1 Jrq)(*ing*D) X

< o2 (—q) {2mp<eg.p1)fwA{ff’ {<a1 ViVt
1 1
t3 <a4 + <a6 - 2a8> + (110) } IBfrfp X
1
X [b1 Vs Vg + <bs -+ 2by + §b3ew +
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1 F2 2 2 .
N bw) Ap”@’%),
15
1

—iGp 4 c
= mgﬂ—D*D*ng*D /1 |P1‘d(COS€) X c c
2H. APP ViV 4 & 4 PRV
X 3mpf7r 0 (a1+a2) ub ud+§ a4+7°x>< i
1
X <616 - 2618) +a10> } IBfxfp [lh Vo Vg +

1 1
+ <b3 + 2by + §b38W + 2b4eW) /\p:| H4} X

y D° y D
F2(q2. m2..
X (q 3mD )7 (34)
T; > D’ > D
where Fig. 9. HLL diagrargs for the long-distance t-channel contri-
Hz = m3(p1.p2) — (p1.p3)(p2.p3) + bution to B? — D% D°
n FEs|ps| — E3|pa|cos « i 1
mp ‘p?)‘ 7fo7rfp |:b1‘/ubvud + (63 + 2b4 - §b3€W +
X [(pB.p1)(P3.p4) — (PB.P3)(P1.P4)], L ))\ :|}F2(q27m%)
+504ew —
Hi = &uvapeporneh el pips ehefep3py, (35) Ty 1
Ty = (p1 — p3)? —m2, = —iG
IR : = w1
= p1 +p3— 2p1p3 + 2P1.P3 — Mp-, B e
¢° =mi +m3 — 2E1 B3 + 2|p1|[pa| cos = X{ZHlmpfﬂAégp |:a2vubvu*d 4
=m2 +m%. — 2ppS + 2|p1||p3| cos 6. I ) 5
+{ag+ 718 ag — =as| — =a10+ =(a7 — ag) | \p| X
The dispersion relation is ( * X< 6739 8) 2 2( ! 9)) p}
1
oo — ol |01V Vo bs + 2by — —bse
. 5 1 [ Abs7a(s’") + Abs7b(s’) ., IBf fp[ VupVia + (3 + 20 9 BeW +
Dis7(m%) = p 7 —m2 ds'. (36) 1 F2(¢2,m2)
s B +*b4eW )\p H2 7’D7 (37)
2 T
4-4. Final State Interaction
in the B® — p°7® — D% D° Decay where
The quark model diagram for B — p%7% — D% DO (e2.p1)(e2.pa)(e3.p1) =
decay is shown in Fig. 8, and the hadronic level dia- (p1.p2)(P2.pa)\ [ E1lps| — E3|p1| cos O
grams are shown in Fig. 9. We have ( DP1.p4 + 5 >( >7
m? mp|ps|
1 € €
A0 — Gy PP, &P, - (e3.p1)(e2.p4) =
90 =57 | 28, @np 2mn P _ ( 1 [ps]— Bs |1 cos 9) (E4p2E2|p4| 9>’ .
-1 mB|p3 mg|p|
x 8*(pp — p1 — p2)(—ig=pp*)e3.(P1 + q)(—igppD) X = —p3)?—m3 =

pi +p3 — 2098 + 2p1.ps — m3,

2

X €2.(—q) {2mp(€2,P1)frrA§p [szubVJd + ) )
g =m3 +m3 — 2E,E5 + 2|p1||ps| cosf =

1 1 3
—|—<a4 + (% - 208) - §a10 + 5(617 - a9)> )\p:| - = m2 +m%. — 2p9p3 + 2|p1||p3| cos 6.
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> D° > D°

Fig. 11. HLL diagrams for the long-distance ¢-channel con-
tribution to B® — D" DO

and
—iGF d3P1 d3P2

Abs(9b) = NG J 2F; (27)3 2B, (27)3

(2m)* x

x 8*(pp —p1 — p2)(—igrp~D+)es. (P11 + @) (—igpp< D) ¥

X e2.(—q) {2mp(€2.p1)f7erBp |:a2VubVJd +

1 1 3
—|—<CL4 + 7“5( ((lﬁ — 2a8> — 5@10 + 5(0;7 — ag)> /\p:| —
1
— fBf=fp |:b1VubVJd + <b3 +2by — §b3eW +

1 F?(¢*,m})
+ 2b4eW> )\p:|}712a

1
—iGp /

= ————  G.D*D*(oD* P;ld(cos8) x
8\/§7rmBgDDngD1|1‘( )

X {2H3mpf7rA63p |:a2Vuqu*d +

1 1 3
—|—<a4 +ry (a6 - 2a8> - §a10 + 5(&7 - ag)> /\p} -
1
- foTrfp l:blvubVJd + <b3 + 2b4 - §b3eW +

1 F2(q? 2
+ 2b4ew> Ap} H4}<qamp>,

T (39)
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where

Hs = m3(p1.p2) — (p1.p3)(p2.p3) +

n <E2|p3| — E3|pa| cos 9) o

mp|ps|

X [(pp.p1)(p3.p4) — (pB.P3)(P1.P4)]

Hy = €vapepornes e piP3 5% 3D,

Ty = (pr —p3)> —mp =

= pi +p3 — 2p{p8 + 2p1.P3 — M,
¢* =mi +m3 — 2E1E3 + 2|p1||ps| cos 0 =

(40)

= mj +mp. — 2p{p§ + 2|p1[[ps] cos b.
The dispersion relation is

7Abs9a(s') + Abs9b(s")

! _ 2
S mB

1
Dis9(m%) = —

ds’. 41
- Soun

S

4.5. Final State Interaction
in B - D7 D} — D° D° Decay

The quark model diagram for B’ — D; " D} — D°"D°
decay is shown in Fig. 10, and the hadronic level di-
agrams are shown in Fig. 11. We have

—iGF d3P1 d3P2
2v/2 2F:(2m)3 2E5(2m)3
—1

Abs(11a) = (2m)* x

x 6*(pp —p1—p2)(—igp. kD)3, (P1 +q)(—igpKk D) X

% 5.(—) 5 fo. fo: {blvd,v;;i +

1 F2(q?,m%)

2 - R | @)
+( by + 2b4ew>:| /\p T

1

—iGfp
= ——  Gp. KD*(D* P;ld(cos @ fp+ X
SﬁmengKD gp:kp [ |P1ld( ) fBfD. D"

-1

1 F2 2 2
x [blmbv;; + <2b4 + 2b4ew>} APMHM (42)
1

where

Hy = (e3.p1)(e2.p4) =

_ (E1 |ps| — E3|p1| cos 9) <E4|p2| — Es|p4] cos 9)
mg|ps| mp|p2| ’

T = (; *P3)2 - m%( =

= pi +p3 — 2p9p8 + 2p1.P3 — M,

¢ =m}+m3 — 2E,E3 + 2|p1||ps| cosf =

= m}_+mb. —2p9p3 + 2|p1||ps| cos b,

(43)
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and

—iGp d*Py d3Py o

2\/§ 2E1(27T)3 2E2(27’(’)3
-1

Abs(11b) =

x (2m)*6*(pp — p1 — p2)(—igp, K- D )€3.(P1 + q) X
X (—igp:x+p)e2.(—=q) fBfD. fD* [bﬂ/cchZ +

1 F2(q?,m3.)
2b “bye W Rt | G/,
+< 4+24W>]p T 1
—iGp /
== « D* G D* Fo P;|d(cosf) x
8\/§7rmBgDsK D*9D*K*D : | Py |d( )
1
X fBfp.fD* |:blvcb‘/(;:l + <2b4 + 2b4ew)] X

F2(q?,m3%.)

H 44
T2 2, ( )

X Ap

where

_ M _v o, B.pP_o AN
Hy = €008 porn3 % PT P3ELE R D2 P4 s

Ty = (p1 — p3)* — m%. = p} +p3 —

—2pYp8 + 2p1.p3 — M, (45)
¢* = m3 +m3 — 2B, E5 + 2|p1||ps| cos ) =
= mp_ +mp. — 2p)pY + 2|p1l|ps| cos b.
The dispersion relation is
1 [ Abslla(s') + Absl1b(s’
Disl1(m) = — / > a(j, )_+m23 LLLCOPTS

S

4.6. Final State Interaction

in B® — J/4nw® — D° D° Decay

The quark model diagram for B® — J /4% — D% D°
decay is shown in Fig. 12, and the hadronic level di-
agrams are shown in Fig. 13. We have

—iGp d®Py 3Py "
2v/2 2F, (2m)3 2E5(27)3
1

Abs(13a) =

X (27T)454(p3 —p1 — p2)(—igxpD*)e3.(P1 + @) ¥

X (—=tgypp)e2.(—q) {2m¢(52.p1)f7r1468w [GQVCbVCE +

F2(q2, m2
+<a3 + Tf(ag, +ar + ag)))\p}}(qu),
T
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S WY
Fig. 13. HLL diagrams for the long-distance t-channel con-
tribution to B® — DO" DO
1
—iGFf
= ——=——9=DD*9yDD / | P|d(cos 6) x
Sﬁﬂ'm B

x {2H1mwf7rAé3w [a2VcbV2& + (CLB 7y X

—1

F2(¢*,mp)

x (a5 + a7 + ag)> )\p]}Tl ,

where

(47)

Hy = (e2.p1)(e2.p4)(e3.01) =

_ (—pl.m N (pl.pz)(zpz.m)) "

)
y <E1 |ps| — E3|p1|cos 9)

mB|P3| ,
Ty = (p1 — p3)> —m% = p? +p3 —

(48)

—2p0p§ + 2p1.ps — m3),
q®> = mi +m3 — 2E, E5 + 2|p1||p3| cos§ =
= m2 +m2%. — 2p9pJ + 2|p1||p3| cos b,

and
—iGp Py d*Py

Abs(13b) = =72 | 3B, (@n)? 2B, (2m)°
—1

(2m)* x

x 8*(pp — p1 — p2)(—igxpp*)es. (1 + q)(—igypD) X
By *
X €2.(—q) {2mw(52.p1)fw140 [ancchd +
F2(?, m2,.
+ (ag + r;”(ag, + a7 + a9)> Ap]}(qu),
T
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1
—iGF /
= ——————(g.DD* Pyld(cos @) x
8\/§7rmB9 DD*GyDD 1| 1|d(cos 0)

X {2H3m1/)fﬂ—AOBw |:a2VCsz;i +

F?(¢*,m%.)

)

+ <(13 + r;‘é’(as + a7 + ag)) )\p}}
where

Hs = m3(p1.p2) — (p1.p3) (p2.p3) +
n (E2|P3| — E3|pa| cos 9) «

mp|ps|
X [(pB.p1)(p3.p4) - (p13.p3)(p1.p4)],

50
Ty = (p1 — p3)* —m%b. =p} +pi— (50)

—2p9p3 + 2p1.p3 — M.,
> =m? +m3 — 2E1E3 + 2|p1||p3| cos§ =
= m +mb. — 2pip§ + 2[pa||ps| cos 6.

The dispersion relation is

o0

1 /AbslSa(s’) + Abs13b(s’)

is13(m%) = — ', (51
Dis13(m%) - 7 —m3, ds’. (51)

The decay amplitude via the HLL diagrams is
A(B® — D D% = Abs(3a) 4+ Abs(3b) + Abs(5a) +
+ Abs(5b)+Abs(7a)+ Abs(7b)+ Abs(9a) + Abs(9b) +
+ Abs(11a) 4 Abs(11b) 4+ Abs(13a) + Abs(13b) +

+ Dis3(m%) + Dis5(m%) + Dis7(m%) +

+ Dis9(m%) + Dis11(m%) 4 Dis13(m%). (52)
The branching ratio
of B® — D% D° decay with n = 0.8 ~ 1.6
and experimental data (in units of 10™%)
n 0.8 1 1.2 1.4 1.6 EXP
BR 0.27 0.62 1.3 2.2 3.7 <29
+0.04 | £0.05 | £0.07 | +0.08 | +0.10
872

5. Numerical Results

The numerical values of effective coefficients a; for the
b — d transition at N, = 3 are given by [11]

a1 = 1.05, as = 0.053,

az = 0.0048, a4 = —0.046 — 0.012i,

as = —0.0045, ag = —0.059 — 0.012i, (53)
ar = 0.00003 — 0.00018i, as = 0.0004 — 0.000064,

—0.009 — 0.00018¢, a1p = —0.0014 — 0.00006%.

The relevant input parameters used are the following
[12, 13, 14, 15]:

my=4.2+0.12 GeV, my, = 1.7~ 3.1 MeV,

mg =4.1~5.7MeV, m.=1.29+0.08 GeV,

ms =100 4+ 25 MeV, mp = 5279+ 0.3 MeV,

mp =187 +0.2 MeV, mp~ = 2010.2 +0.17,

mi = 493.6 £0.016 MeV, mg- = 891 +0.26 MeV,
mp, = 1968.4 £ 0.34 MeV, mp: = 2010.2 £ 0.17,
my = 139.5 MeV, m, =775.4+0.34 MeV,

My, = 3.096 GeV, fp =176+ 42 MeV,
fr=130.7+0.46 MeV, £, =211 MeV,

fre =159.8+1.84 MeV, fr+ =217+5 MeV,
fp=222.6+19.5 MeV, fp« = 230 + 20MeV,
fp, =294£27 MeV, fp: = 266 + 32 MeV,

Vip = 0.0043 £ 0.0003, Vg = 0.97 + 0.0002,

Vi = 0.0416 + 0.0006, Vg = 0.230 + 0.011,

ABP (m%.) =25, APK (m%.) =0.45,

APP (m2.) =25, ABK (m%.) =045,
AFP(m2) =03, A7 (m}.) = 0.3,

ag

¢ = —55(PP), ¢=—T0(VP),
¢ =—20(PV), ¢=0.5,
AgCD =0.225, Gp =1.166 x 107,

gDKD* = 18.34, gp+r+p, = 2.79,

gD*KDS = 18.37, gK*DSD = 2.597
9DpD* = 2827 9ppD = 3a
9ypp =77, gp+r+p =3, gyp+p =8.64.  (54)

By using the input parameters, we have obtained
the value of branching ratio for B — D% D° decay
within the QCDF method to be

BR(B® — DY D% = (0.13+0.11) x 107%. (55)

We note that our estimate of the branching ra-
tio of the B — D% DY decay according to the
QCDF method seems less than the experimental re-
sult. Before calculating the B — D9 D° decay am-
plitude via FSI, we have to compute the intermediate
state amplitude. We are able to calculate the branch-
ing ratio of the B — D° DY decay with different
values of 1, which are shown in the table.
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6. Conclusion

We have calculated the contribution of the ¢-channel
FSI, that is, of inelastic re-scattering processes to
the branching ratio of the B — D% D° decay. For
evaluating the FSI effects, we have only consid-
ered the absorptive part of the HLL, because both
hadrons, which are produced via the weak interac-
tion, are on their mass shells. We have calculated the
branching ratio of the B® — D° DY decay by us-
ing the QCDF and FSI methods. The experimental
value of this decay is less than 2.9 x 10~%. According
to the QCDF and FSI methods, our results
are BR(B® — D°*D%) = (0.13 £ 0.11) x 10~* and
(2.2 + 0.08) x 10~%, respectively. We have intro-
duced the phenomenological parameter 7, which can
be determined from the measured rates with the
expected value of the order of 1, in the form fac-
tor. For a given exchanged particle, we have used
n =08 ~ 1.6.If n = 1.4 is selected, the branch-
ing ratio of the B — D% D° decay approaches the
experimental value bound.
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E®EKTU B3AEMO/IL
B KIHIIEBOMY CTAHI B PO3ITIAJI B® — DY* DO

Peszmowme

PospaxoBanuii ekcKIo3uBHIE posmany B — D% DO wmero-
oM KX/ dbakropusaliil i MeTog0M, 110 BPaXOBY€E B3AEMOJIIIO B
KinnesoMy crani. Po3paxyHOK IO IepIIoMy METOLY JaB 3aHU-
2KeHi pe3yJIbTaTé IOPIBHSHO 3 €KCIEPUMEHTOM, IO CBiIYHIIO
Ipo HeOOXigHICTH BpaxyBaHHs B3a€MOil B KiHIIEBOMY CTaHi.
B nanomy posmnami D+D_*, K'*'*K_7 ptr=, pOn0, D;*Dj'
i J/yn0 3 obminom 7 (p7), D;(D;*)7 D—(D~"), DY(D°")
i K_(K_*) Me30HaMu BHOpaHi #K mpoMmikHi cTamu i pospa-
XOBYBAJIMCS 33 IIEPLIIUM METOJAOM. Y IPYyrOMYy METOZi pe3yib-
TaTH PO3PaxyHKIB 3ajeXKaTb BiJ (PEHOMEHOJIOTIYHOrO mapamMe-
Tpa 1. lHTEepBaJ 3MiHM HBOro mapamerpa Budbpano Bix 0,8 10
1,6. Buaiineno, mo gy n = 1,4 Beauwunza KoedinieHTa pos-
TaJIy>KeHHsI y3TOMKYEThCA 3 €KCIEPUMEHTAIbHUM 3HAYCHHAM
s BY — DY DO posmany: menme 2,9 - 1074, Hami pos-
PaxyHKHU IIO IEPIIOMY i APYyroMy MeTOdaxX JaJju, BiAIoBiIHO,
(0,1340,11)-107% 1 (2,24£0,08) -10~4.
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