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EFFECTS OF FINAL-STATE INTERACTIONS
IN B — DI K° DECAY
B. Mohammadi', H. Mehraban *
Physics Department, Semnan University, Semnan, Iran

We investigate the effects of final-state-interactions (FSI) contributions in the nonleptonic two-body
Bt — D} K decay; however, the hadronic decay of BT — D K° is analyzed by using «QCD
factorization» (QCDF) method and final-state interaction (FSI). First, the B¥ — D} K° decay is
calculated via QCDF method and only the annihilation graphs exist in that method. Hence, the FSI must
be seriously considered to solve the Bt — D} K decay and the D%zt (D p*), D 7% (D *p°) and
DFn.(D*J /1) via the exchange of K, K°*) and D™ mesons are chosen for the intermediate
states. To estimate the intermediate states amplitudes, the QCDF method is again used. These amplitudes
are used in the absorptive part of the diagrams. The experimental branching ratio of BY — D} K°
decay is less than 8- 10™* and the predicted branching ratio is 0.23 - 10~ in the absence of FSI effects
and it becomes 6.74 - 10~* when FSI contributions are taken into account.

B p Gote uccnenyercs BnusgHue 3¢p¢eKToB B3 mMopeicTBHa B KoHeyHoM coctosiHud (BKC) B He-
JIEITOHHOM JIByXY CTHUYHOM P CII Jie BT — D;’f(o, OIH KO JAPOHHBIA p CH I Bt — D;"f(O H -
nmusupyercd ¢ nomorupio Meron KXJI-¢ kropus muu (KXIA®P) u ¢ yserom BKC. CHun pcmn
Bt — D} K° seruncngercs meronom KXI®, KOr NpHHEM I0TCA B P CYET TOIBKO HHUTHISIMOHHBIE
mu tp MMbl. BKC HeoBXOMMMO YIUTHIB Th AN TP BHIBHOTO omuc Hua p cn 1 BT — DI K°, 1 xxe
DOt (D%p™), DTa%(D*p°%) u D n.(DT*.J/4), rie B NPOMEXYTOUHBIX COCTOSHHUAX P CCM TPHB -
ercs oomen K1) KOy pF (*)_Meson Mu. UTOGBI OLEHUTD BEJTMYMHY MIUTUTY MPOMEXYTOYHBIX
COCTOSIHHH, ObUT T KXe ucronb3oB H Meton KXII®D. IMomydeHHble MILUTUTYIbI UCHONB3YIOTCS IPH BbI-
YHCJICHUH TIOITION IOIIMX Y cTel A rp MM. M3BECTHO, YTO ®KCIIEPHMEHT JIbHOE 3H YEHHE BEPOSITHOCTH
penx BY — DFK® mensme 8- 107%, B To BpeMs K K NpEACK 3bIB €MOE P CUET MH COCT BIISET
0,23 -107° Ge3 yuer athdpexros BKC u 6,74 - 10~* — nocne yuer BKC.

PACS: 13.20.He

INTRODUCTION

In the Bt — D} K° decay the BT meson has u quark and b antiquark and the DF, K°
mesons are produced from pair quarks of ¢35 and sd respectively, so no form factor can be
produced between the B meson and final states D}, K° mesons, hence this process is pure
annihilation type of the decay. For this reason the mentioned decay has a tiny branching ratio
in the QCDF approach. However, the hadronic decay of BT — DF K is analyzed by using
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«QCD factorization» (QCDF) method and final-state interaction (FSI). The next-to-leading-
order low-energy effective Hamiltonian is used for the weak-interaction matrix elements and
the FSI. The importance of the FSI in hadronic processes has been identified for a long time.
Recently, its applications in D and B decays have attracted extensive interest and attention
of theorists.

Since the hadronic matrix elements are fully controlled by nonperturbative QCD, the most
important problem is how to evaluate them properly. Factorization method enables one to
separate the nonperturbative QCD effects from the perturbative parts and to calculate the
latter in terms of the field theory order by order. Several factorization approaches have been
proposed to analyze B-meson decays, such as the naive factorization approach, the QCD
factorization approach, the perturbative QCD approach, and Soft-Collinear-Effective Theory;
none provided an estimate of the FSI at the hadronic level. These approaches successfully
explain many phenomena; however, there are still some problems which are not easy to
describe within this framework.

These may be some hints for the need of FSI in B decays. FSI effects are nonperturbative
in nature [1]. FSI is one of the ways to solve the nonperturbative QCD for the long-
distance case. In many decay modes, the FSI may play a crucial role [2]. In this approach
the CKM’s most favored two-body intermediate states are the only ones that have been taken
into consideration [3].

The FSI can be considered as a soft rescattering style for certain intermediate two-body
hadronic channel BT — D9zt decay [4]. Therefore, the FSI are estimated via the one-
particle-exchange processes at the hadronic loop level (HLL) as explained in Sec. 3.

As we know, the branching ratio of BY — DI K° decay has already been estimated
by using the perturbative QCD approach and predicted 2.01 - 10~% [5]. We calculated
the Bt — D} K" decay according to the QCDF method. This process only occurs via
annihilation between b and @. We selected the leading-order Wilson coefficients at the scale
my [6,7] and obtained the BR (Bt — DFK°) = 0.23-107°. The experimental result of
this decay is BR (BT — DFK°) < 8-107% In the FSI, rescattering amplitude can be
derived by calculating the absorptive part of triangle diagrams [8]. In the FSI effects, the
intermediate states are D7 (D% pt), D¥70(D**p%) and D*n.(D**J/v). We calculated
the BY — DFK?° decay according to the HLL method [9]. In this case, the branching ratio
of Bf — DfK°is 6.74-107%.

This paper is organized as follows. We present the calculation of QCDF for the BT —
D} K" decay in Sec.1. In Sec.2, we calculate the amplitudes of the intermediate states.
Then, we present the calculation of HLL for the BT — D;FK' 0 decay in Sec. 3. In Sec. 4, we
give the numerical results, and in the last section, we have a short conclusion.

1. QCD FACTORIZATION OF Bt — D} K DECAY
In the QCD factorization approach, the BT — D} K decay has annihilation contribution

that Feynman diagram in Fig. 1 clearly shows. According to the diagram of Fig. 1, we obtained
the annihilation amplitude as

_ ye. .
Aqep(BY — DFK®) = ZTI;‘foKfDSbQVub el (D
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Fig. 1. Feynman annihilation diagram for
Bt — DFK° decay, the left arrow shows
that the Feynman diagram is being read from
left side

— BF

where
Cr i i w? K,.D 2
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2. AMPLITUDES OF INTERMEDIATE STATES

In this section, before analyzing FSI in the Bt — DFK° decay, we introduce the
factorization approach of intermediate state in detail. In the FSI effects DOzt (D% pt),
D+r0(D**p%) and D*n.(D**J/¢) are chosen for the intermediate states. The effective
weak Hamiltonian for B decays consists of a sum of local operators ); multiplied by QCDF
coefficients ¢; and products of elements of the quark mixing matrix [10]. The factorization
approach of heavy-meson decays can be expressed in terms of different topologies of various
decays mechanism such as tree, penguin and annihilation.

2.1. Bt — D7+ (D% p*) Decays. When two intermediate mesons exchange u quark
and two final-state mesons exchange s quark, the D°*) and 7% (p™) mesons are produced
for intermediate state via exchange mesons of K*(*). Feynman diagrams for the Bt —
DO+ (D% pt) decays are shown in Fig.2, and the amplitudes read

A(B* = Do) = i 2L £ (PP () oy — mib)as ViV + i FobaVin Vi

G ~D*
A(BJF - DO*PJr) = ZTZ{fﬂmp{(ﬂ -€2)(mp + mD*)A{B b (mi)—
2AB—>D* (m2)
— (e1-pB)(e2 'pB)W}al‘/cbVJd + foD*fprVub‘/cti}~ (3)

DO

at

Fig. 2. Feynman diagrams for the BT — D"z ™ decay
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2.2. BY — DTa%D**p%) Decays. If d quark is exchanged between two intermediate
mesons and s quark is exchanged between two final-state mesons, the D) and 7+ (pT)
mesons are produced for intermediate state via K°(*) as the exchange mesons. Feynman
diagrams for BT — D*7%(D**p") decays are shown in Fig.3, and the amplitudes read

G
ABT — Dtr0) = z'Tng{FB*”(m%WB —m2)ar Vi Viy + [ frba Vi Vi),

.G -
A(BT — D p% = ZTI;fD*mD* {(61 -e2)(mp +m,p) AL P (mA.)—

2AE=P (m2, . .G .
- (61 -pB)(€2 'pB)ﬁ}alvubvcd + ZTZfoD* fprVuchd- “4)
P

S

Fig. 3. Feynman diagrams for the BT — DT n" decay

23. Bt — D*n.(D"*J/+¢) Decays. If ¢ quark is exchanged between two intermediate
mesons and s quark is exchanged between two final-state mesons, the D) and 7.(.J/v)
mesons are produced for intermediate state via D;r(*) as the exchange mesons. Feynman
diagram for BT — D*n.(D1*J/1) decays is shown in Fig.4, and the amplitudes read

G
A(B+ — D+77c) = Z'TI;‘foDfanVuvactia

G «
A(B* — D J/p) = ZTQfoD*fJ/wbgmbxfcd.

)

Fig. 4. Feynman annihilation diagram for the B* — D", decay
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3. FINAL-STATE INTERACTION OF B* — DI K° DECAY

When the FSI for decay is calculated, two-body intermediate states such as Dz (D% p™),
DFr%(D**p%) and DT n.(D**J/v) are produced. The absorptive part of the HLL diagrams
can be calculated with the following formula:

Abs A(B(pg) — M (p1)M (p2) — M (p3)M(ps)) =

1/ d’pi d*py y
2 ) 2E1(2m)3 2FE5(27)3

X (271’)454(}73 — D1 —pg)A(B — MlMQ)G(MlMQ — M3M4), (6)

for which both intermediate mesons (M7, M) are pseudoscalar. And

. Gr d’py d*po y
2\/5 2F (27‘()3 2E2(27T)3

Abs A(B(pg) — M (p1)M (p2) — M (p3)M(ps)) =

X (27)464 (b — p1 — p2) furmy Ve {(e’; €&5)(m + ma) AP (m2)

245 (m3)

(6 po)(es p) 2D GO M, — M), (D)

in which both mesons are vector. Also G(M;Ms — MsM,) involves hadronic vertices
factor, which are defined as [1,11,12]

(Ds(p3) K™ (€2, p2)[i£]D(p1)) = —igpp.k+€2 - (P1 + P3),
(m(p3) K™ (e2, p2)[i£|K (p1)) = —igrr=ne2 - (P1+ p3),
(Ds(p3) K (p2)|i£|D* (€1, p1)) = —igp.p~K€1 - P2,
(K (p3)p(ea, p2)|i£]K (p1)) = —igrrpe2 - (P1 + p3),
(Ds(ps) K™ (€2, p2) i £D* (e1,p1)) = —iV2g D, - K+ €uvapeles i D5,
8
(K* (€3, p3)ple, p2)[i£|K (p1)) = —igrcic- p€pvapehes vl ©
(D7 (€3, p3)ne(p2)|i£|Ds(p1)) = —igp,Drn.€3 - D2,
(Ds(p3)(e2, p2)|i£|Ds(p1)) = —igp,D.we2 - (P1 + P3),
(D3 (€3, p3) (€2, p2) i £ Ds(p1)) = —iV2g, Dsp€pvasch €5 v,

(D% (e — 3,p3) K (p2)[i£|D* (e1,p1)) = —igD+ D+ K €pvapel €3 DI DS -
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The dispersive part of the rescattering amplitude can be obtained from the absorptive part
via the dispersion relation [1, 13]

(e}

Dis M (m%) = l/AbsiM(s,)ds’, )

! 2
7Tg S ’ITLB

where s’ is the square of the momentum carried by the exchanged particle and s is the
threshold of intermediate states, in this case s ~ m%. Unlike the absorptive part, the
dispersive contribution suffers from the large uncertainties arising from the complicated inte-
grations.

3.1. Final-State Interaction in the B* — D7 (D%p*) — DI K° Decay. The quark
model and the hadronic level diagrams for the B* — D7+ (D%pt) — D} K decay are
shown the Figs.5 and 6.

In this framework we choose the ¢-channel one-particle-exchange processes. The absorp-
tive part of the diagram (a) shown in Fig. 6, the amplitude of the mode B*—D°(p;)rt (p2) —
D¥ (p3)K°(py) with the exchange of the K+*, is given by

1 / d’py d’po

Abs (6a) = 5 55 (2m)"0" (b1 = p1 = p2)(—ignD,-)eq - (b1 + )

2 ) 2Ei(27)3 2E,(27
. F2 Q’mg
(Cigrner)e- (-t pOAE* — i) )
/ d 0 F2 2 2
== MQDDSK*QKK*WA(B+ — lf%'r'")M[{7 (10)

167rmB

-1

Fig. 5. Quark level diagram for BY — D%t — D} K° decay

D}
DY,
Bt K+
pt
I,
KO
a b c

Fig. 6. HLL diagrams for long-distance t-channel contribution to Bt — D%zt (D% p*) — D K°
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where 6 is the angle between p; and p3, ¢ and m; are the momentum and mass of the
exchange K+* meson, respectively, and

qu4
H =g (p1+ps)eq-(p2 +pa) = (—g,w + nf:2”> (p1 +p3)" (p2 +pa)” =
K*
2 2 2 2
mi —mz){my —m
= b P2 p1pi—pa Dy —py-pr+ 3)2( 1=m)
mK*
_ 2 2 _ 2 2 2
T =q" —m; =mp+mp, —my. —2EpEp, + 2|pp||pp,|cos b, (11)

and F (g% m?) is the form factor defined to take care of the off-shell character of the exchange
particles, defined as [14]

2 2\ "
A mi). (12)

F(q®,m}) = (W

The form factor (i.e., n = 1) is normalized to unity at ¢> = m?. The m; and ¢ are the

physical parameters of the exchange particle and A is a phenomenological parameter. It is
obvious that for ¢ — 0, F(¢?,m?) becomes a number. If A > m;, then F(¢? m?) turns
to be unity, whereas as ¢> — oo the form factor approaches zero and the distance becomes
small and the hadron interaction is no longer valid. Since A should not be far from the m;
and ¢, we choose

A =m; +nAqep.- (13)

Likewise, for diagrams 6,5 and 6,c, the amplitudes of the BT — D% (ey,p1)p™ (e2, p2) —
D¥(p3s)K°(ps) (where K+ and K+* are exchanged at ¢t-channel) are given by

.Gr d3p1 d3p2

Abs (60) = i | o s STy (20" (05 — b = ) (igp-p.x)(e1 )%

x (—igxKp)e - (pa+ q){fpmp {(61 -€2)(mp + mp-) AP (m2)—

2450 )] N F )
— (e1-pp)(e2 'pB>mB+7mD*p] a1VeyVa + 8D+ fpb2Vs cd}TK =

1
e .

:_ZiFgD*DSKgKKp/|p1|d(COS 9){fpmp {(mB—i—mD*)AlB D (mi)Hl_
8\/§7rm3

1

245" (m2) F2(¢%, m%)
- P H\aVu Vi  fobo Vi VI Hy v ——2 2 K2 (14
— 2]a1 Vaa + fBfD* b2 Vi Vi 3} T (14)
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where
Hy = (61 : 62)(61 'p3)(€2 “pa) =

_ (p2 - pa)(p2 'p3) (pl 'p3)(p1 'p4) (pl 'p3)(p1 -p2)(p2 - pa)
=P3 P4 — D) - D) + P )
my my mims;

Hy = (e1-pB)(e2 - pB)(€1 - p3)(€2 - pa) =

. . . . (15)
- —p3'p3+wgmp3)} PMWHMM] |
my ms

FE —F 0 E —F 0
Hi= (e pa)(ea-po) = (2P Balcon D) (Bulpel = Bl con ),

mp|pi] mp|pa4|

T, =m%. + mi —m¥ — 2Ep-E, + 2|pp+||p,| cos .

.GF d3p1 d3p2
Abs (6¢) =
5(60) =155 | 3B, (om) 2B5(om

)3 (271—)454(]‘73 — D1 - PQ)X

. wov oo, . p_o AN
X (_Z\/ﬁQD*DsK*)Ewaﬁﬁ5K*P1P3(—ZQKK*p)epoAn%EK*PQMX

. 2AB—>D* 2
X {f,,mp |:(€1 -€3)(mp +mp-)AP=P (m2p) — (e1-pB)(e2 -pB)ﬁ x

F%(¢?,m3%.
K ViV 4 fo o eV )

1

GF B—D* 2
zlemB 9D*D.K*JKK*p / |p1]d(cos 9){fpmp [(mB +mp-)A] (mp)H4—

245D (m2)

mp + mp-~

F2(q27m%{*)

Hs} a1V Vg + foD*fpb2Vub‘/;3H6} T , (16)

H, = EWaﬁE’fE"K*p‘f‘pgepaAnESE?(*PQ\PZ(61 - €2) = 2(p1 - pa)(p2 - p3) — 2(p1 - p2) (3 - pa),

Hs = €papel € D05 €porn€s€ic-papl (€1 - ) (€2 - p) =
=m%[(p1 - pa) (P2 - p3) — (p1 - p2)(p3 - pa)|+
+ (p1-pB)(P2 - pB)(P3 - P4) — (P2 - PB)(P3 - PB)(P1 - P4)—
—(p1-pB) (P2 pB)(P2 - P3) + (p3 - pB) (P4 - PB)(P1 - p2), (17)

_ M v «, B p_o AN
He = €vap€7] €5+ D1 D3 €porn€a€fc+DoPy

2

Ty =m%. + my, — m3. —2Ep-E, + 2|pp-

Py cos 6.
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As the bridge between the dispersive part of FSI amplitude and the absorptive part, the
dispersion relation is

x !/ / !/
Dis 6(m2,) = 1 [ Absea(s’) + Absep(s") + Absec(s )ds’. (18)
B T s — m2B

S

3.2. Final-State Interaction in the B™ — D*7°%(D%*p%) — D K" Decay. The quark
model diagram for the Bt — DTa%(D*t*p%) — DFK° decay is shown in Fig.7 and
the hadronic level diagrams are shown in Fig.8. The amplitude of the mode B+ —
D+ (p1)7°(p2) — D (p3)K°(ps) (where K9 is exchanged at t-channel) is given by

(2m)*6*(ps — p1 — p2)(—igDD. K+ )eq - (P1 + P3) %

1 / d*py d*p2

Abs(8a) =3 | 5B om) 2B (2]

. F2(¢?,m>.
X (—igxK+r)€q - (P2 +p4)A(BT — Dﬂr%% —

1
[ Ipld(cos 6) F2(q?, m2%.)

= WQDDSK*QKK*WA(BJF — D7) T H, (19)
2

D} Df

D%

B*, K0 KO

Py

R0 K
a b c

Fig. 8. HLL diagrams for long-distance t-channel contribution to Bt — D+7%(D**p%) — D K°
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The amplitudes of the mode B — D*(e1,p1)p® (€2, p2) — D (p3)K°(ps) (where K°
and K°* are exchanged at ¢-channel) are given by

Grp d3p1 d3p2
A =iF
bs(8) == | 3E om) 3Ba(on

)3 (2m)*6*(pp — p1 — p2)(—igp-p.K ) (€1 - @) X

X (~igiicp)es - (pa + q){fD*mD* [<e1 - ea)(mip + my) AP~ (3. )~

2AB_)p(m2 *) * k F2(q2; m2 )
— (e1 - pB)(e2 .pB)irzB +mfj ]aqubVCd + foD*fl)bQVuchd}TK —

1
= —q F gD*DSKgKKp/|p1|d(COS 9){fD*mD* [(mB —|—mp)AlB P(mQD*)Hl_
]

327Tm]3

2*15 p(mQD*) 12(‘12 m%()
2 Vbipg Vo Vg + foboVip VogHs p ————525, (20
Ne—— 21a1 Vs Vg + B D= fob2 Vs Vg Hs T, (20)

. Gp d3p1 d3p2
A - :
bs(8) =175 | 3B 2n) 2B 2]

(277)454(203 —p1 — p2)X

. unov o 3 . p o Am
X (_Z\/EQD*DSK*)%WBQ €xcP1 D3 (—1GK K p)€porn€h€ R Do DY X

. QAB=P (12 X
x {fD*mD* [(61 cea)(mp + mp)A{3 P(m%.) — (e1 - pB)(e2 'PB)M %
mp+mp

F2(g?, m2.
x a1V Vg + fBfp- fob2Viup ;}}% =

1
. G _

= _ZiFgD*DSK*gKK*p / |p1|d(cos 9){fD*mD* |:(mB + mp)A? P(m2. ) Hy—
16v21mmp

1

ZABHp m2 B} . ) F2 27m2 .
- MHE)} a1V Vg + foD*fpb2VuvacdH6}7(q K ) (21)
mp +m, T,
The dispersion relation is
T Absga(s') + Absgy(s') + Absse(s’
Dlsg(m%) _ l / AbSS (S ) + : SBb(‘Z) + S8 (S )dsl. (22)
T s’ —m3g

S
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3.3. Final-State Interaction in the BT — 7.D*(J/¢¥D**) — D} K° Decay. The quark
model and the hadronic level diagrams for the BY — n.D*(J/yD**) — DI K° decay are
shown in Figs. 9 and 10. The amplitude of the mode B* — 1.(p1) D™ (p2) — DI (p3) K°(p4)
with the exchange of the D}* is given by

Abs (10a) =: i 2 &’p2 (27)'6% (B — p1 — p2)(—i Yeq - P1X
2 ) 2E,(2m)3 2F,(27)3 PB = P1 = P2){=19D;Dyne )€q * P1
F2(q%,m3.)
X (_igDDgK)Gq '])414(3Jr — ncDJr)# —
3
/ 20,2 .02
|p1]d(cos ) F2(¢?,m3.)
= ——s_ 9Dx .k A(BT CD+ I R = § 23
| iGrmy IR (BT = neDT)—— 7 (23)
where
v m2 — . m2 — .
H7 =€q - P1€q - Pa = | —Guv + q/2q prZ = —p1-ps +( 1 P1 p3)2( 4 — D2 p4)7

Ty =¢° — mf = mQDS + mf,c — mQD: —2Ep E,, +2|pp.||ps.|cos 6.

e JI¥

Bt * +
Df B Dy

D+ D+t

I Ko
a b c

Fig. 10. HLL diagrams for long-distance ¢-channel contribution to B* — n.D*(J/4y D *) — D} K°
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The amplitudes of the mode B* — J/(er,p1)D *(e2,p2) — DI (p3)K°(ps) with the
exchange of the D} and D}* mesons are given by

GF d*p1 d*pa

Abs (100) = 2\/_ 2By (27 2B, (27)7 (2m)*6*(pB — p1 — p2)(—igD, D,y) X

, F2(¢?,m3},)
% (=e1) - (p1 = O)(=igp-p.xc)ez * P D fajsbaVan Veg—7—— =

F?(¢*,mp)
T,

. G .
= ZiFgDSDSwQD*DSKfoD*fJ/waVubvcd/|p1|d(COS 0)
B

Hg, (25
16\/§7Tm & (29)

where

Hg = (e1-p3)(e2 - psa) = <

Es|p1| — E1|ps] cos 9) <E4|p2| — Fs|p4] cos 9)

mB|p1| mB|p4| (26)

T4 = q2 _ m? = m%s +m?,/w — m%s — 2EDSE‘]/,¢} + 2|ng

d3
Abs (10c) = \/_/ 5B, 2717 3 2E2(I2)727) (27r)4§4(p]3 —p1 — p2)X

X (_i\/igDsD:w)e/waB(_elf)eupj* (_p(ll)(_pg)(_igD*D;K)epaM'fg(_eUD:r* )pépZ X

Fz(q2am2D*)

X foD*fJ/waVuvacti# =
5
.G . F?(q*,m}.)
= _1716\/557713 gDsDzwgD*D;KfoD*fJ/wb2Vuchd/|P1|d(COS 9)7115 —Hy, (27)
where
Hy = €uvaser ) pips €porn€seh: papl,
(28)
Ts = ¢* —m} = mp, +m3,, —mb. —2Ep E;y +2|pp,
The dispersion relation is
(o]
1 [ Absig.(s’) + Ab ") + Absig.(s’
Dis 10(m%) = _/ S100(5') F Absion(s') + Absioe() (29)
™ s —m%g

S

The decay amplitude of B* — D} KY via the HLL diagrams is
A(BT — DFK°) = Abs (6a) 4+ Abs (6b) + Abs (6¢) + Dis 6 + Abs (8a)+
+ Abs (8b) + Abs (8¢) + Dis 8 + Abs (10a) + Abs (10b) + Abs (10c) 4+ Dis 10.  (30)
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4. NUMERICAL RESULTS

The Wilson coefficients ¢; have been calculated in different schemes. In this paper we
will use consistently the naive dimensional regularization (NDR) scheme. The values of ¢; at
= myp with the next-to-leading order (NLO) QCD corrections are given by [7,15]

C1 = 1.117, Co = —0.257,
c3 = 0.017, ey = —0.044,
¢s = 0.011, c6 = —0.056, (31)

cr=—-1-10"°, ¢g=5-10""%,
Cg — —0.010, C10 = 0.002.

The relevant input parameters used are: mp = 5.279, mg = 0.49, mg- = 0.89, m, =
0.78, mr, = 0.139, mp = 1.87, mp~ = 2.01, mp, = 1.97, mp- = 2.11, m;,y = 3.1,
my, = 3.0, mpy = 4.20, m, = 1.27, m, = 0.00240, m, = 0.104, fp = 0.176, fx =
0.16, fr = 0.13, fp = 0.223, f,. = 0.35, f;4 = 0416, f, = 0.216, fp- = 0.23,
fp. = 0.294 [16] (values of masses and decay constants are in GeV); rff = 1.09, rfs =
1.93, ¢ = —55°(PP), ¢ = —20°(PV), ¢ = —70°(VP), p = 0.5, Aqcp = 0.225 GeV,
Cr = 4/3, ay = 0.2244, N = 3, Gr = 1.166 - 107>, V,;, = 0.0043, V,q = 0.974,
Vip = 0.042, Vg = 0.230 [16]; FB~™ = 0.33, A7 77 = AJ™" = 0.28 [17]; FB~D =

0.6, AB=P" = 0.8, AP=P" = 0.99 [15]; gpp.Kx+ = HT:%DDS 9ppp = 3.83, gp*D. K+ =

mp mp mpx

*
s

—9ppp = 2.79, gpprk = ~9D*Dp = 3, gD*D*K = ~~9p~pr = 6.6,
D mp mp
mp,
9p*D,K = m—DgD*Dw = 12.83 [1] (g9p*p~ = 12.5 [3,8]); grxk+r = 4.6, gk, =

4.28 [18]; gxi+p = 6.48 [19]; gpp=y. = My, /fn. = 8.57 [20]; gppy = 7.71, gpp=y =
8.64 [14]. Using the parameters relevant for the BT — DI K decay, we get flavor averaged
branching ratio for the QCDF method as

BR (Bt — DJ K% =0.23-107°. (32)
After calculating the amplitudes of the intermediate states, we obtain:
A(BY — D°7%) =0.56 - 107°,
ABY - D% =0.74-1077, (33)
A(BT — D'n.)=0.37-10"".

Now, according to FSI, we can obtain the branching ratios of the B¥ — DF K decay with
different values of 77 which are shown in table.

The branching ratio of the BT — DI K° decay with 7 = 1-2.5 and experimental data (in units
of 107%)

Experiment [16]

0.35 | 1.31 | 3.36 | 6.74 <8
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CONCLUSIONS

In this work, we have calculated the contribution of the t-channel FSI, i.e., inelastic re-
scattering processes to the branching ratio of the B¥ — DJK° decay. For evaluating the
FSI effects, we have only considered the absorptive and dispersive parts of the HLL, because
both the hadrons which were produced via the weak interaction were on their mass shells.

We have calculated the branching ratio of the BT — DI K° decay by using QCDF and
FSI. The experimental result of this decay is BR (BT — DfK®) < 8-107* [16]. The
branching ratio of this decay in [5] was 2.01-10~8. According to QCDF and FSI, our results
are BR (BT — DfK°) =0.23-107% and 6.74 - 10~ respectively.

There exist some phenomenological parameters in our calculations on FSI such as 7 in (13)
and many other sources of uncertainties, for example, the coupling constant gp«p, etc., the
neglected subdominant contributions in the FSI, the estmate of pure QCDF contribution, etc.
We have introduced the phenomenological parameter n; that its, value in the form factor is
expected to be of the order of unity and can be determined from the measured rates. For a
given exchanged particle, we have used n = 1-2.5. If n = 2.5 is selected, the branching
ratio of the BT — D} K decay approaches the upper bound of experimental result.
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