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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*Df*, K+*K7, ptr—, p°x, D;*D;r, and J/z/nro via the exchange of
7w (p7), Dy (D;"), D~ (D7), 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 107%. Our results calculated
by the QCDF and FSI methods are (0.184 0.11) x10™* and (2.24 0.08) x10™*, respectively.

Keywords: B meson, QCD factorization, final state interaction, intermediate states, branch-

ing ratio.

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° D° decay according to the
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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—, ptx—, p°x°, D; " Df,
and J/¢m°. Then we calculated the B® — D° DO de-
cay according to the HLL method. Taken FSI correc-
tions into account, the branching ratio of B® — D" x
x D° becomes (2.240.08) x10~4, while the experi-
mental result for this decay is less than 2.9 x 10~4 [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° - DTD~", B - Kt K,
B® = ptn—, B = p°7° B° = D, D}, and B® —
— J/¢r® decays. Then we present the HLL calcu-
lation for the B® — D% D° 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 dx/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 (M7 M>) case,
¢4 = —70° [8]. According to Fig. 1, we obtained the
annihilation amplitude as

AB° - D" D°) =
G
= Z_ngfoD* (b1 + 2by + 2bgew ), (1)

7

where ), are the products of elements of the quark
mixing matrix. Using the unitarity relation A, + A, +
+ X\t =0, we write

=) VsV 2)

pP=u,c
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Fig. 1. Some quark diagrams illustrating the process B® —
— DO DO

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

Cr )
b1 = N—gclAi,
by = %[04‘4% + cgAb], (3)
¢
C . .
b4,EW = N—F;[ClOAi + CgA%],

Cc

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

Y

(4)

2
Al & —Ab = 2ma, [9 (XA—4+%> +rPrl X3

N2 -1
Cr = N,

For D° and D°, the ratios are defined as

Do Zm%o
Ty = ,
(mp — my)(me + my) (5)
Do* 2mDO* fé_o*
rP" = —£ .
X my  fpo-

3. Amplitudes of Intermediate States

For the B® - D*D~" B - Kt'K—, B® — ptn—,
B® — p%7° B® — D7 " D¥, and B® — J/47° decay
amplitudes, we use

AB® - D*DJ) = —Z'\/iGFfDMD*(ED*‘pB)AoBD* X

x {(a1 + a2)Vep Vg + [as + @10 + 7“5(‘16 +ag)|Ap} +

G .
+ ZT;foDfD* {b1Vcchd +

1 1
+ {53 +2by — §b3eW + §b4eW:| Ap}v (6)
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where

by = L [cs Al + c5(AL + Af) + Nocg Af),

c . .
bs.ew = N—F2[09Al1 +er(As + Ag) + NcC8A:{]-

Cc

(7)

Here,
AL =0, A:{f = 27ras(r£) + rf*)(ZXf; - Xa), (8)
and

A(BO — K+*K_) = —{—Z'G—PQ‘foDfD* X

7
1 1
X {blvcch*d + [b3 + 2by — §b3eW + §b4eW:| )\p}. (9)
AB® = ptr7) = —iV2GF fam, (e, -pB)AOBP X
1 1
X {(al +a2)Vip Vi + 3 [a4 +a10+r§ <a6 — 5(15;)] )\p}+

.Gr {
+i— o301 Vs Vg +
\/§fo Foqb1Vun Vg

1 1
+ [bg +2by + Shaew + §b4ew} Ap}, (10)
where N
ro = m, fi, (11)

my fp
and
A(BO - poﬂ'o) = _i\/iGFfwmp(ap 'pB)A(])Bp X
. 1 3
X {GQVuqud + [a4 — 5(110 + 5((17 — (19) X
1 G "

xrf <a6 - §a8>] )\p} + ZT;foﬂ'fp {blvubvud +

1 1
+ |:b3 =+ 2b4 — §b3eW + §b4eW:| Ap} (12)

. .Gr
AB - D; DH) =i— X
( s DY) ﬁfoDs fp,
1
X {blvcbvct.l + [2b4 + §b4er| )\p}. (13)
A(B® = J/yr°) =
= —iV2Grmys(esry pe)fody 7Y x
X {Vcbvct.laz + )\p[ag + Ti/w ((15 + a7 + (19)]}, (14)
where 5 fl
plf = TN Y (15)
my [y

866

4. Final State Intgraction
of the B® — D° D° Decay

For B® — D D° decay, two-body intermedi-
ate states such as D¥D~", Kt'K—, pta—, p’n°,
D; " D#, and J/in® are produced. We can write
out the decay amplitude involving HLL contributions
with the formula

AbsM (B(pg) = M(p1) M (p2) — M (ps)M (ps)) =
1 p1 d>ps
N 5/ 2E,(2m)3 2E,(2m)? (2m)*0*(pp = p1 = p2) X

x M (B — My My)G(My My — MsMy), (16)

for which both intermediate mesons (M;,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 (ps)) =
1 d*py d’py

= 5/ 28, (2 2z o) 0 PP Ve X
x {2aimy (g5 -p8) (f A0 7Y + fv FP77) +
+ fBfpfvbi}G(Mi My — M3M,),

where M (B — M;M,) is the amplitude of the
B — M; M, decay that is calculated via the QCDF
method, and G(M;M, — Ms3M,) involves the
hadronic vertex factor defined as

(D*(e3,p3)m(p2)[i£|D(p1)) =
= —igp:kp€3.(p1 + P2),
(D*(e3,p3)p(e2, p2)|i£]D(p1)) =

= B 8
= —Z\/igD*DsK*EwaﬁEzEg PIpy-

(17)

(18)

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

DisM (m%) =

1 / AbsM(s') ., 19)

T s' —m% >
s

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 - DD~ — D° D° Decay

The quark model diagram for B - D+ 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

XD_*(827172) — D% (537273)D0(p4) is given by
—iGF
Abs(7a) = ——— x
s(7a) 2v/2)

y / BP, PP
2E, (21)% 2B, (27)?
-1

(27r)4(54(p3 —p1 —Dp2) X
X (—igp-kp)es.(p1 + q)(—igprD*) X

x €2.(—q) {QmD* (e2.p1) fOASY" x

X [(a1 + ag)VCbVCE + (a4 + Tf* (ag + ag) + a10)/\p] _

~fBfpfD" [b1VcbVC*d +

1 1 F2(q?,m%)
b 2by — =b —b W [ Quil s T Aid €4
+<3+ 4 23ew+24ew> p]} T, )
_ —iGp y
= 78\/§me 9D*KDYDKD
1

X / | Py |d(cos @) x {2H1mD*fDA§D* X
x [(a1 + a2) Ve Vi + (as + 127 (ag + as) + a10)A,] —

1
— fBfpfD* {51 Ver Vg (bg +2b, — §b3eW +

1 F2(g, m2,)
—b A\ | Hyp — 22 K/ 20
+2 4eW> p:| 2} T1 R ( )
where
Hy = (e2.p1)(e2.p4)(e3.p1) =
_ <_ P1pa+ (p1.p2)2(p2.p4)> <E1 |ps| — E3|p1] cos 0)7
mp. mg|ps|
53 Pl)(é‘z P4)
<E1|p3| E3|P1|0089><E4|p2|—E2|p4|cos0> (21)
mp|ps| mp|pa| ’

mK P1 +P3 - 2171173 +2p1.p3— m%{)

¢* = mi +m3 — 2E, E;3 + 2|p1||ps| cos§ =

Pl —P3)

=m}, +mb. — 2p{p} + 2|p1||ps| cos b,

0 is the angle between p; and ps3, ¢ is the momen-
tum of the exchange K° meson, and F(¢?,m3%) is the
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Fig. 3. HLL diagrams for the long-distance t-channel contri-
bution to B® — DO DO

form factor defined to take care of the off-shell of the
exchange particles, which is introduced as [1, 10]
AZ —m2\"
F(QQJm%) = (qu) . (22)
The form factor (i.e. n = 1) normalized to 1 at
q¢> = m3 The quantities mx and ¢ are the phys-
ical parameters of the exchange particle, and A is
a phenomenological parameter. It is obvious that, as
q®> — 0,F(¢*,m3) becomes a number. If A > mg,
then F(g?,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 mg and ¢, we
choose

A=mg+ nAQCD; (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) = —GF

X
2v/2)
/ PP, PPy
2F, (27)3 2B, (27)?

X (—i\/ﬁgDK*D* )z—:u,,agz—:gs”K*p?pg(—i\/igD*K*D) X

(2m)*0* (pp — p1 — p2) X

p A, N BD*
X €poAn€nErc=DPoDy {QmD* (e2.p1)fD A X

x [(a1 + a2) Ve V2 + (aq + r (a6 +ag) +a10)Ap] —
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vl

> D° L » D°

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

— fufofo- {blvcbv;;l +

L P, md,.)
+ <b3 +2by — §b36W + §b4eW> Ap}}T =

1
iG
= ngK*D*gD*K*D [ |P1|d(COSO) X

X {2H3mD* (e2.p1) fp AZ®” [(01 + az) Ve Vg +
+ ((14 + Tf* (a6 + ag) + a10> )\p:| -

1
— fBfpfD* {thchZ + (b3 + 2by — §b3eW +

1 F2 2 2 .
N §b4eW> Ap] H4} o mic.)

- (24)

where

Hs = m3(p1.p2) — (p1.ps)(p2.ps)+
E- — E5lps 0

+< 2|ps3] 3|p2| cos

mp|ps|
x[(pB.p1)(p3.ps) — (PB.P3)(P1.P4)],

Hy = 5#!/)\6590)\77555”1(*P?P:ffgé‘%*pg‘pz,

Ty = (p1 — p3)* — mi. = pi +pj—
—2p7p3 + 2p1.ps — mk-,

¢* =mi +m3 — 2E1 B3 + 2|p1||ps| cos 6 =
=m}, +mb. — 2p{p} + 2|p1||ps| cos .

(25)

The dispersion relation is
o0

1 / Abs3a(s") + Abs3b(s")

™

Dis3(m%) = - ds'. (26)
B
s
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4-2. Final State Interaction
in the B - Kt 'K~ — D% D° Decay
The quark model diagram for B® — K+ K~ — D% x

x DY decay is shown in Fig. 4, and the hadronic level
diagrams are shown in Fig. 5. We have

—iGr [ &P &Py
22 | 2B, (2n)? 2E,(27)?
—1

X (27T)454 (pB —p1 — P2) X

Abs(5a) =

X (—igr K D+)es. (P1+q)(—igk+kD)e2. (—q) fB K fR* X

1 F2(q, m?
X 01 Vup u*d+ 2by + —bgew )\pi(q Ds) =
2 T

1
—iG
= mgKKD*gK*KD/|P1|d(COSG) X
1

1
x fBfr fr- [bﬂ/ub vl + <2b4 + §b4eW>:| X

22 2
x)\pF(qT%:nDs)Hl,
where
Hy = (e3.p1)(e2.pa) =

E |ps| — Es|p1| cos 0\ [ E4|p2| — E2|ps| cosé
< mg|ps| )( mg|ps| )7
T1 = (p1 —p3)* —mb, =pi +pj; —
—2pp3 + 2p1.ps — mp,,
¢* =m? +m3 — 2F,E3 + 2|p1||p3| cos§ =
= mic +mp. — 2p]p5 + 2|p1||pa] cosb,

(28)

and

—iGF d3P1 d3P2 >

2v/2 2E,(27)3 2E5(2m)3
-1

x (2m)*6* (pp — p1 — p2)(—iV2gK K= D) ¥

Abs(5b) =

w_v a.f . po AN
X EuvapBE3€K+P1P3 (_Z\/igK*K*D)SpUMEzEK*%IM X

1
x fBfr fr- [bﬂ/ub vl + <2b4 + §b4eW>:| X

FZ(qzijD;) 1IGr

X A = pr Qpesrcr ) X
v T 8ﬂmegKKDgKKD

1
1
[ 1Pukdtcos) o i e | VarVi (20t 000w )
—1

F2 (q27m2D;‘)
T
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where
_ n_v o, B_p_o A7
Hy = gpvaBpornEs€x«PI P3E2EK+P2 D1

Ty = (p1 — p3)® —mp. = pi +pj —

—2p0p§ + 2p1.p3s — My, (30)
q® = mi +m3 — 2E, F3 + 2|p1||p3| cos§ =
= mic +mp. — 2pp§ + 2|p1/ps| cosf.
The dispersion relation is
Diss () — % 70Ab55a(jl’)_+ nf;BbsE)b(s’) . G

s

4.3. Final State Interaction
in the B® — ptn— — D% D° Decay
The quark model diagram for B® — ptn— — D D°

decay is shown in Fig. 6, and the hadronic level dia-
grams are shown in Fig. 7. We have

—iGF d*Py d*Py

Abs(Ta) = =75 | 5B @ny 2By 2n )
—1

x (27)*6* (pp—p1—p2)(—igzpD~)es. (p1+q) (—igrpD) X
X €2.(—q) {Qmp(Ez.Pl)fwA(l)gp [(Gl +a2)Vip Vg +
. 2 (a6 - 2 No| = Fuset, %
+2 (l4+TX Qg 20/8 + a1 p BlxJp
. 1
X |:b1Vuqud + <b3 + 2by + §b3eW +

FZ 27 m2
SN

= ——=—9xDD*9pDD X
8v2rmp N L

1
x / |P1|d(cos0){2H1mpfﬂAon [(al +as) x
21

1 1
X VubVJd + 5 <a4 + ’I“'; <a6 — §ag> + a10> )\p:| _
1
— foﬂfp |:b1VubVJd + <b3 + 2bs + §b3eW +

1 F?(q? 2
+ §b4ew> Ap] HZ} Fa’,mp),

T, (32)
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Fig. 6. Quark level diagram for B® — ptn—
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—>» D —>»—— D

K

Y D

Yy D

> D° L » D°

Fig. 7. HLL diagrams for the long-distance t-channel contri-
bution to B® — D°" D°

where
(H)1 = (e2.p1)(e2.p4)(e3.p1) =

(p1.p2) (Pz.P4)> <E1 |ps| — Es|p: | cos 9)

= <— p1.ps + B
m2 mp|ps|

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

_ <E1 |ps|— Es|p1| cos 9) <E4|p2|—E2|p4| oS 9)
mg|ps| mg|p2|  (33)

Ty = (p1 —ps)®> —m3 = pi +p3 —

—2p7p8 + 2p1.ps — m},,
¢> =mi +m3 — 2E,E3 + 2|p1||ps| cos 6 =
=m2 +mp. — 2pYp§ + 2|p1||ps| cos b,
and

—iGp PP, PP,
22 | 2B (@n)? 2B 2

Abs(7b) = (2m)* x

x 0*(pp — p1 — p2)(—igrp+ D~ )es.(p1 + q)(—ig,p=D) X
x €2.(=q) {Qmp(@.pl)fonBP (a1 + a2) Vi Vi +
1 1
+5 <a4 +rf <ae - 5as> + G10> )‘p:| — fBfrfp X
1
X |:b1VubVJd + <b3 + 2by + ibgew +

1 F2(q*,m3%,.)
+ §b4eW> Ap:|} T2 )
G I
—iGp
= ———g.D*D*JoD* Pyld(cos ) x
8\/§7mngDngD/1|1|( )
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Fig. 9. HLL diagrams for the long-distance ¢-channel contri-
bution to B® — D" DO

1
X {2H3mpfﬁA0 Plar + a2) Vi Vi + 3 <a4 + 1 x

X (aﬁ - %%) +(110> } fBfrfo {bqu

+ <b3 + 2bs + §b3eW + §b4eW> )\p:| H4} X
, Fe?,mi.)
TS ’
where
Hs = m3(p1.p2) — (p1.p3)(p2.p3) +
+<E2|p3| — Es|ps| cos0> "
mB|P3|
X [(pB.p1)(P3.P4) —

(34)

(pB.p3)(p1.pa)ls

Hy = evapeporneh e D355 PIDY,
T, = (p —P3)2 - m%* =

= pi +p3 — 2008 + 2p1.p3 — M.,

¢> =mi +m3 — 2E,E3 + 2|p1||ps| cos 6 =
=m2 +m%. — 2ppd + 2|p1||ps3| cosb.

The dispersion relation is

Dis7(m 5 ds'.  (36)

r_
s’ —mp

2) 1 7Abs7a(s’) + AbsT7b(s")

™
s

4-4- Final State Interaction
in the B® — p°n® — D% D° Decay

The quark model diagram for B® — p%7% — D" DO
decay is shown in Fig. 8, and the hadronic level dia-

870

grams are shown in Fig. 9. We have

—iGp P, 3P, 4
A = 2
bs0a) = 575 | 3B 2n) 2B m)E 2 X
—1
x 0*(pp — p1 — p2)(—ig=pD-)e3.(P1 + q)(—igppD) X

X g2.(—q) {2mp(82.p1)fwz4§p [G2VubVJd +

1 1 3
+<a4 +rf <a6 - 5(18) — 5(110 + 5((17 - a9)> )\p] —

1
—fBfxfp [blvubVJd + <b3 + 2by — §b3eW +

1 F?(¢?,m%)
+§b4eW> >\p:|} Ta
1

- _—iGr | P |d(cos ) x

B 8\/§7rm3 L
X {QHlmpfﬂAégp [GQVubVJd +

1 1 3
+<a4 + ’I“;; ((16 - 5(133) — 5(110 + 5(0,7 - a9)> )\p:| X

1
—fBf=fs |:b1Vuqu*d + <b3 + 2by — §b3eW +

grDD*9pDD

+%b4eW> ,\p] HQ} %f”%) (37)

where

H) = (e2.p1)(2.p4)(€3.01) =

_ <_ Lps + (Pl.Pz)(fz.Pax)) <E1 |ps|— Es|pi| cos 9))
my, mp |p3|

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

<E1 |ps|— Es|p1| cos 9) <E4|p2| — Es|py]| cos 9)
mg|ps| mg|p2| > (38)
T, = —p3)? —mp =

= pl +p3 - 217117(3) +2p1.p3 — m2D7

¢ =m? +m3 — 2E,E3 + 2|p1||p3| cosf =

= m2 +m2. — 2ppd + 2|p1||p3] cosb.
and

—1 P d°P-
Abs(9b) = —CF . 2 (2m)*

2v/2 2E,(27)3 2E5(2m)3
el
x 0*(pp — p1 — p2)(—igrp+ D~ )e3.(p1 + @) (—ig,p=D) X
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% &2, (=q) {2mp<sz.p1>fwA€p [azvumrd N

1 1 3
+<a4 + (ag - §a8> - 5(110 + 5((17 - a9)> )\p} -
1
- fowfp blvub Jd + <b3 + 2b4 - §b3EW +

1 F?(g*,m%)
+ §b4eW> Ap:|} T2 )
te /
—iGp
= ———G.D*D*GpD* Py |d(cos ) x
SﬁﬂmBgDDngD/|1|( )

-1

X {QHgmpfﬂAgp [GQVubVJd +

1 1 3
+<a4 +rh (ag — §a8> — §a10 + 5((17 — a9)> )\p} —

1
—fefxfo [b1VubVJd + <bg + 2by — §b3eW +

1 F?(q? 2
+ §b4ew> Ap] H4} Fa’,mp),

T (39)

where

Hs = m3(p1.p2) — (p1.p3)(p2.p3) +

E- — E3|ps 6
+< z|P3| 3|Pz|COS >><

mp|ps|

X [(pB.pl)(p3.p4) - (p3.p3)(p1.p4)]a
Hy = Ewaﬁspﬂnsgg'f(*P?P?ng‘??{*i”g‘l’z;
Ty = (p1 —p3)? —mj, =
= p} +p3 — 2p0p§ + 2p1.ps — M,
q®> = m? +m3 — 2E,E3 + 2|p1||p3| cosf =

(40)

= mj +mp. — 2pip3 + 2|p1||ps| cos 6.

The dispersion relation is

1 [ Abs9a(s') + Abs9b(s'
Diso(m?,) = _/ bsga(sl) + 2bs9b(s )ds'.
7r s’ —m%

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 2E,(27)3 2E5(2m)3
21

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

ISSN 0372-400X. Vxp. ¢is. orcypn. 2014. T. 59, N 9

» »
3
0
D
s B u
s Sh K Tu
3 =0
D
< «
< c

Fig. 10. Quark level diagram for B® — DS_*D;"

L » D° L > D°

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

x 6*(pp —p1 —p2)(—igp, Kk D*)es. (p1+ ) (—igp: kD) X

x e2.(—q)fBfD, fD: [blvcch*d +

1 F?(q?, m%()
+ <2b4 + §b4eW>:| )\pT

1

—iGF /
= — « (D Pild(cos 8 « X
SV rmy IDHK D 9D KD |P1]d(cos®) fefp, fD:

-1

FZ(q27m%(

1
X |:b1Vcchtl + <2b4 + _b4eW>:| )\p )Hl, (42)
2 T

where

Hy = (e3.p1)(e2.p4) =
_ <E1 |ps| — E5|p1| cos 9) <E4|p2| — Es|p4] cosO)
mg|ps| mg|p2| ’
T = (;m —p3)2 - m%{ =
Pt +p3 —2pip8 + 2p1.ps — mi,
q®> =m? +m3 — 2E1E3 + 2|p1||p3| cosf =

(43)

= m}, + m. — 2pip§ + 2|p1||ps| cosb,

and
—iGF d3P1 d3 P2 >
2v/2 | 2E.(27)3 2E>(27)3
-1

x (2m)*6* (pB — p1 — p2)(—igp, Kk~ D+ )e3.(P1 + @) X

X (—igp:k=p)e2.(—=q) fBfD, fD* |:b1Vcchtj +

Abs(11d) =

871



H. Mehraban, A. Asadi

> D L » D°

Fig. 13. HLL diagrams for the long-distance ¢-channel con-
tribution to B® — DO DO

1 F2(¢*,m3%.)
2bs + byew )| Ny ——2— 5~ =
+< 4+24W>:| p T

—iG
= ngsK*D*ngK*D/|P1|d((3080) X

21
1
X fBfp,fD: [b1VcbVC’§ + (264 + §b4eW>:| X

F2(¢*,m3.)
L : vy = 5
T2 2

X Ap (44)
where

Hy = 5uua/35po>\n55511/(*p?pgggsg(*pg\pz7

Ty = (pr — p3)® — M. =pi +p3—
—2p0p} + 2p1.p3 — M.,

¢* =mi +m3 — 2E1 E3 + 2|p1||ps| cosf =
= m3, +m%. — 2pp} + 2|p1||ps| cosb.

The dispersion relation is

oo

1 Abslla(s’ Abs11b(s’
Disll(mQB):;/ bslla(s') + Abs11b(s’)

ds'. (46)

i 2
S mB
s

4.6. Final State Interaction
in B® = J/y7® — D° D° Decay
The quark model diagram for B® — J/+7® — D°" D°

decay is shown in Fig. 12, and the hadronic level di-
agrams are shown in Fig. 13. We have

—iGF d3P1 d3P2

Abs(13a) = 77 | B @n ) 2B, 2n)
21

872

X (27T)454 (pB — pP1 — P2)(—igxpD")e3.(P1 + q) X

x (=igypp)es (—0) {2mw(52.p1)fw14§¢ [ambv;; n

F2(g2, m2
—|—<a3—|—r;f(a5—|—a7+a9)>,\p]} (¢ mD)7
Ty
.G 1
—1GFp
= ———¢,.DD~ Py |d(cos @) x
S /3mmn ITOP ngD/| 1]d(cos 0)

21
2H APV * ¥
X 1my frAy " a2V Vig + as + Ty X

F2(¢*,mp)

bl (47)

x (a5 + a7 + a9)> /\p]}

where

Hy = (e2.p1)(e2.p4)(E3.01) =

_ <_p1_p4 n (p1.p2)(2p2.p4)> y

P
o <E1 |ps| — Es|p1] cosO)
mp|ps| ’
Ty = (p1 —ps)® —m3 = pi +p3 —

—2p%9 + 2p1 p3 — m%,
q*> =m? +m3 — 2E,E5 + 2|p1||p3| cos =
= m2 +mp. — 2pp3 + 2|p1|ps]| cos,

and
—iGp d*P, PPy

Abs(130) = 272 | 3B, (@m) 2B @)
-1

(2m)* x

x 0*(pp — p1 — p2)(—ig=pD+)e3.(P1 + q)(—igypD) X

x €2.(—q) {2mw(52.p1)fw14§w {02‘41)‘% +

F2(q27m2D*)

+ <(l3 + ’I“f (a5 + a7 + a9)> )\p:|} T ,

1
—iGp /
= ——g.DD* P;|d(cos8) x
SﬁmeQ DD*9yDD | Pr|d( )

2
X {2H3mwfonBw |:a2‘/cbvctl +

F2 2 2 .
+ <(13 + ’I“;?(Oﬁ + a7 + a9)> Ap]}%
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where

Hs = m3(p1.p2) — (p1.p3)(p2.p3) +
N <E2|p3| — Es|ps| cos0> y

mg|ps|
x [(pB.p1)(p3.p4) — (PB.P3)(P1.P4)],

. . . 50
To = (p1 — p3)? —mp. =pi +p5— (50)

—2p{p§ + 2p1.p3 — m3p.,
¢ =m? +m3 — 2E,E3 + 2|p1||ps| cosf =
= m2 +m7. — 2p0p3 + 2|p1||ps| cosb.

The dispersion relation is

o0
! !
Dis13(m3) = 1/ Absl3a(sl) + A2bsl3b(s )ds'. (51)
T s’ —m3

The decay amplitude via the HLL diagrams is
A(B® = D D°) = Abs(3a) + Abs(3b) + Abs(5a) +
+ Abs(5b) + Abs(7a)+ Abs(7b) + Abs(9a) + Abs(9b) +
+ Abs(11a) + Abs(11b) + Abs(13a) + Abs(13b) +
+ Dis3(m%) + Dis5(m%) + Dis7(m%) +

+ Dis9(m%) + Disl1(m%) + Dis13(m%). (52)

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,
az = —0.0045, ag = —0.059 — 0.012, (53)

a7 = 0.00003 — 0.00018%,
ag = —0.009 — 0.00018¢,

ag = 0.0004 — 0.00006¢,

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

mp =4.2£0.12 GeV, m, =17~ 3.1 MeV,
mg =4.1~57MeV, m,=129+0.08 GeV,
ms = 100 £ 25 MeV, mp =5279+0.3 MeV,
mp = 187+ 0.2 MeV, mp- =2010.2+0.17,
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a0 = —0.0014 — 0.00006:.

mg = 493.6 £0.016 MeV, mg- = 8914 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, f, =211 MeV,

fx =159.84+1.84 MeV, fg. =217+5 MeV,

fp =222.6+19.5 MeV, fp- =230+ 20MeV,
fp, =294 +£27 MeV, fp: = 266 + 32 MeV,

Vi = 0.0043 + 0.0003,  Vyq = 0.97 £ 0.0002,

Vep = 0.0416 + 0.0006, V.q = 0.230 £ 0.011,

ABD (m3.) =25, APK (m3.) =0.45,

ABP (m},.) =25, APK (mk.) = 0.45,

APPm2) =03, A7 (m¥.) = 0.3,
¢ = —55(PP), ¢ =—T0(VP),

¢ =—20(PV), ¢=0.5,

AgCD =0.225, Gp =1.166 x 1077,

gDKD: - 1834, gD*K*Ds = 2797

gD*KDs = 1837, gK*DsD = 259,
gDpD* = 282, gppD = 3,
gypp =17, gp*k+p =3, gyp+p =8.64.  (54)

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

BR(B® — D" D% = (0.13£0.11) x 107*. (55)

We note that our estimate of the branching ra-
tio of the B® — DY D° 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 D° decay with different
values of n, which are shown in the table.

The branching ratio
of BY —» D% DO 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 <2.9
+0.04 | £0.05 | £0.07 | £0.08 | +0.10
873
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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 — D9 D° 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 1, 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/III
B KIHIIEBOMY CTAHI B PO3ITA/I B® — D% DO

Pesmowme

Po3paxoBaHHN eKCKIO3UBHEIL po3many B? — D% DO mero-
nom KX/ dakropusanii i meromsom, 1o BpaxoBye B3a€MOIII0 B
KiHIIeBOMY CTaHi. PO3paxyHOK IO mepmioMy MeTORY JaB 3aHHU-
2KeHI pe3ysIbTAaTH IOPIBHSHO 3 €KCIEPHMEHTOM, IO CBixdmiio
PO HEeOOXiJHICTh BpaxXyBaHHS B3a€MOJil B KiHIIEBOMY CTaHi.
B namomy posmani DYD~", Kt K—, ptr—, p°x°, Dy D}
i J/pm0 3 obminom 7 (p~), Dy (D5 ), D=(D~"), DO(D°")
i K_(K_*) Me30HaMH BHOpaHi K IPOMIXKHI CTaHH i pO3pa-
XOBYBAJIACS 33 MEPIIHM METOJOM. Y JPYTOMYy METOJi Pe3yiib-
TaTU PO3PAXYHKIB 3aJ1€KaTh BiJl (DEHOMEHOJIOTiYHOTO IapaMe-
Tpa 7. laTepBan 3minm nporo mapamerpa Bubpano Bix 0,8 m0
1,6. Bnaiigeno, mo must 7 = 1,4 BenmvyuHa KoedinieHTa PO3-
raJIy>KEeHHsT Y3TOMKYETHCS 3 €KCIIEPUMEHTAJIHbHAM 3HAUYEHHIM
oz BY — DO DO posmasy: menmre 2,9 - 1074, Hami pos-
PaxyHKH IO IEPIIOMY i APYroMy MeTOJax JaJjiH, BiAIOBIIHO,
(0,1340,11)-10% i (2,240,08) -10~4.

X. Mexpaban, A. Acadu

DOPEKTHI B3AUMOJIENCTBUA
B KOHEYHOM COCTOSIHUU B PACHAJIE B° — DO DO

Peszmowme

PaccumraE SKCKIO3uBHBIN pacmam BY — DO DO MeTOJ0M
KX/l dakTopu3anuu ¥ MeTOJO0M, YIUTHIBAIONIAM B3aUMOJEH-
CTBHE B KOHEYHOM COCTOsiHHHU. Pacder mo mepBoMy MeTOLy gaJt
3aHUKEHHbIE Pe3YyJIbTATHI 10 CDABHEHUIO C SKCIIEPDUMEHTOM, UTO
CBH/IETEJILCTBOBAJIO O HEOOXOAUMOCTH Y9€Ta B3aHMOEHCTBHS
B KOHEYHOM COCTOHAH. B nanHoM pacnage DY D=, K+ K—,
ptr=, p°n0, Dy Df m J/¢m0 ¢ obmenom 7 (p~), Dy (D;*),
D= (D7), DYD°) u K~(K~") mesomamu BeiGpams Kai
MIPOMEXKYTOYHBIE COCTOSHHASL U PACCUUTHIBAJINCH IO IIEPBOMY
MerTomy. Bo BTOpOM MeTome pe3ysbTarhl PacueTOB 3aBHUCHAT
0T (beHOMEHOJIOTUIECKOT0 ImapamMerpa 7). VIHTepBaI u3MeHeHus
sroro napamerpa BbiOpan or 0,8 mo 1,6. Haitgeno, dro st
n = 1,4 Besnanna K03hOUIHEHTA BETBJICHUS COIVIACYETCS C IK-
ClIepHMeHTaJIbHBIM 3HadeHneM st B0 — DO DO pacmama: Me-
mee 2,9-10%. Hammm pacveTst 1o 1IepBOMY ¥ BTOPOMY METOgaM
nanmu, coorsercTBenno, (0,13 40,11) 1074 u (2,2 +£0,08) -10~4.
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