IMucem B BYAS. 2016. T. 13, Ne 1(199). C.92-100

OU3UKA BJIEMEHTAPHLIX YACTUIl 1 ATOMHOI'O AOPA. TEOPUA

EFFECTS OF FINAL STATE INTERACTIONS
IN PURE ANNIHILATION DECAY OF BT — Dt K"
H. Mehraban !, A. Asadi*

Physics Department, Semnan University, Semnan, Iran

The decay of the BT meson to the DT and K 9" mesons is a pure annihilation decay. For this
reason, in the framework of the quantum chromodynamics factorization (QCDF) approach, this decay
has a small amplitude and a small branching ratio. In this research, we find that before the D and

K mesons are produced in the final states, pair mesons, such as Dj*wo and D} p°, are produced in
. . . . . —0 ,—0* *
the intermediate states. The intermediate state mesons via the exchange of K (K ) and DT (D1")

go to the DT and K final state mesons. However, we calculate the B — DTK®" decay in two
different frameworks. The first framework is the QCDF method and the second one is the final state

interaction (FSI). The experimental branching ratio of the BT — DK o” decay is less than 3 - 1076,
and our results obtained by the QCDF method and FSI are (0.3540.04)-107° and (2.9440.10)-1075,
respectively.

P cn g Bt-meson u DV-n KO -Me30mb! sBiseTcs 4MCTO HHAMMISLEOHHBIM. 10 9T0it MpUYHHE B
NpUOJIMXEHUH KB HTOBOW XpOMOAWH Mu4ecKoil ¢ ktopu3 mun (KXIP) Mmmurys atorop cm g M i,
T K Xe K K M JIO OTHOIIEHHE BBIXOA Y CTHI. B mpenct BieHHoil p 6oTe MOK 3 HO, 4TO, O TOTO K K B
KOHEYHOM COCTOSIHUH POXJ| foTcst Me3oHBl DT u K O B IIPOMEXYTOUHOM COCTOSIHUU IOSBIISIOTCS T KUe
ME30HBL, K K Dj'*ﬂ'o u D} p°. DTH npomMexyTouHbIe ME30HBI IepeXONaT B KOHeuHbIe Me30Hs DT n K o*
B Iporiecce 06MeH Fo(fo*) u DT (D). Pen g BY — DYK®" oruncisercs B aByX p 3mmuHbIX
npubnxenusx. Ilepsoe npubmirkenne — ato Metox KXJI®, Bropoe — B3 MMOJEHCTBHE B KOHEYHOM
cocrosanu (BKC). DKcrepuMeNT NbHOE OTHOIIEHHE BBIXOA 4 CTHI B p cn je BT — DT K " umeer
semmuuny Menbme 3-107°,  ppruncnennsie KXII® u BKC meron mu 31 yenus — (0,3540,04) - 1076
u (2,94 £ 0,10) - 107 coorsercrenHo.

PACS: 13.25.HW; 12.39.Hg; 12.39.St

INTRODUCTION

The study of the two-body nonleptonic weak decay of B* — DtK°" may be useful
in the search for new physics beyond the Standard Model, as BT can decay to DK
through both current and penguin annihilation processes. Several useful methods have been
created to calculate the BT — DTK" decay, such as the perturbative QCD approach [1],
QCDF by Beneke and Neubert [2], and the use of the FSI effects by Lu [3]. In perturbative
QCD, Xiao et al. have considered complete twist-3 contributions, and in QCDF, state-
of-the-art analysis was performed according to QCDF by four parameter scenarios. From
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these scenarios, considering large arbitrary numbers (the same work has been conducted in
scenario 4 in [2]), the branching ratio (BR) becomes smaller than the experimental ones. In the
FSI effects, the D} 7% and D} p° mesons have been considered as intermediate states. We
mainly used the same framework in the QCDF approach and selected the leading order Wilson
coefficients at the scale m; [2,4] and estimated the amplitude of the BT — DK 0% decay
while assuming the annihilation contributions. In this case, we obtained (0.35 & 0.04) - 10~6
for the branching ratio. Motivated by the above-mentioned study, we contributed the FSI
corrections to the Bt — DT K" decay mode. Since, in B decays, resonant FSI is expected
to be suppressed owing to the absence of resonances at energies close to the mass of the
B meson, we considered only ¢ channels and estimated it via the one-particle exchange
processes at the hadronic loop level (HLL) as explained in Sec.3. The FSI can give sizable
corrections. Rescattering amplitude can be derived by calculating the absorptive part of
triangle diagrams. In this decay, intermediate states are Dj*wo and Dfp® Then, we
calculate the Bt — DK% decay according to the HLL method. By the FSI method
we obtain the branching ratio of the B* — DTK°" decay, (2.94 + 0.10) - 10, and the
experimental result of this decay is less than 3 - 1076 [5]. We present the calculation of
QCDF for the B* — DT 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 — DT K°" decay
in Sec.3. In Sec. 4, we give the numerical results, and in Sec.5, we have conclusion.

1. QCD FACTORIZATION OF THE Bt — DTK° DECAY

In this section, we calculate the Bt — DT K" decay by using the QCDF approach. The
Bt — DtK%" decay just has annihilation diagrams shown in Fig. 1. According to QCDF,
we write out the amplitude of the BT — DT K" decay as follows:

" e * *
A(BT - DTK") = TQFfoDfK*{bﬂ/cqus + 02V Ve }, @)

IB, fp and fr+ are the decay constants. Vy, V5 (p = u, ) are the CKM matrix elements and
b1,2 correspond to the current—current annihilation. These nonsinglet annihilation coefficients
are given as

bio = —5Ci24%,, 2)

D+

B+

Fig. 1. Feynman annihilation diagrams for the BT — DT K°" decay
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(1,2 are the Wilson coefficients; N, is the color number and

) . 2 .
A} = — Al = 6ra, [3 (XA —4+ %) +7~)D(+7a)1§0 (Xf‘ —2X4)|,

3)

N2 -1

Cr = ON.,

There are large theoretical uncertainties related to the modeling of power corrections corre-
sponding to weak annihilation effects. We parameterize these effects in terms of the divergent
integrals X 4 (weak annihilation)

X4 =(1+pe®) In % p<1, An=0.5GeV. (4)
h
The ratios r)D(+ and rﬁgo* are defined as
n 2m?2 or  2mg~ fi.
2 = D , & = K (3)
(mp —me)(mq + me) my [k

2. WEAK AMPLITUDES OF INTERMEDIATE STATES

To consider the FSI effects in the Bt — DK decay, we must extract the accessible
intermediate states and calculate the weak amplitude of them. Accordlng to F1g 2, DF*7% and

D p¥ are produced for intermediate states via exchange meson of K’ (K ) and DH(D).

U U

A 0. 0

w7 S
- | @ u
—— V4 ——

u w D+*
————— s

B+

Fig. 2. The Bt — D" n" decay diagrams
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We write out the amplitude of the BT — D} 7% decay by using the QCDF approach as
follows:

ABY = DF*r%) = —iV2Gr frlep: - pp)AY P (Vi Ve + aaVi V), (6)

where 5
—D* m
A7 = fo(mp +mp:) + folmp — mp:) + f3—P—r, (7)
and ]
a; =" + 5-cfy (i = odd),
c
) (®)
a; =T 4 Fcfl (i = even).
And there are also similar diagrams, such as the B™ — D7 p® decay. So, the amplitude reads
ABY — D} p) = —iV2Gr fp, (e, pB)AT (a1 Vi Vi + a2V Viyy). )

3. FINAL STATE INTERACTION OF THE B+ — Dt K% DECAY

It is extremely difficult to calculate the FSI effects, but at the hadronic level formulated
as rescattering processes with the s-channel resonances and one-particle exchange in the
t channel, the s-channel resonant FSI effects in the Bt — DTK? decay are expected to
be vanished because of the lack of resonances. Therefore, one can model the FSI effects
as rescattering processes of two-body intermediate states with one-particle exchange in the
t channel and compute the absorptive part via the optical theorem [6]. So, according to the
hadronic loop level (HLL) diagrams, shown in Fig. 2, the absorptive part of the amplitude is
calculated with the following formula:

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

_ 1/ d*ps d*py

- 5 2E1(27T)3 2E2(27T)3 (27’()4(54(])3 —D1 —PQ)M(B - MIMQ) G(MlMQ - M3M4)7

(10)

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

<D(p2)FO* (p3,€3)iL|Ds(p1)) = —igp,k+DE - (P1 + P2), (an

(D* (2, p2) K°(q)iL| D% (1, p2)) = —igD+ D KEpwapeies DY -
The dispersive part of the rescattering amplitude can be obtained from the absorptive part via

the dispersion relation [7]:

!
Dis M (m%) = %/?S’_i]\i?ds’, (12)

S

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 integration.
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3.1. Final State Interaction in the B* — D 7% — D*K°" Decay. The quark model
diagram for Bt — D "7 — DTK®" via the exchange of K" is shown in Fig. 3, and the
hadronic level diagrams are shown in Fig. 4.

The amplitude of the mode Bt — D} "(e1,p1)7%(p2) — DT (p3)K° (c4,p4) via the
exchange of K is given by

1
—iGp d*P APy
2\/5 2F, (27‘()3 2F, (27‘()3
1

Abs (4a) = (27)*6* (b5 — 1 — p2) X

X (—igrx i+ )e3-(p1+q)(—igpK Dx )2 (—Q){QmD; (e2 'P1)f7rz4(])3D‘: [G1Vub‘/;;+a2‘/}bvfs}} X
1

F2(q%,m? —iG :
X (qu x) = Sﬁﬂ;ngKK*gDKD;/1|P1|d(C059){2H1mD:fWA§DSX
F2(¢%, m?
X [aquch*S + ancbVJs] }%’ (13)
1
where

(p1 - p2)(p2 'p4)) <E1|p3| — E3|p1| cos¢9>

m2 mp|ps|

Hy = (e2-p1)(e2-pa)(es - p1) = <—P1 “pa+

T = (p1 — p3)? — m% = p? + p2 — 2pp3 + 2p; - ps — m%, (14)

q® =m? +m2 — 2E,F3 + 2|p1||p3| cosf = m%g +m% — 2p%pY + 2|p1||p3| cosb,

D+

Ko

4%
DS

L,  KO0* L, KO

Fig. 4. HLL diagrams for long-distance ¢-channel contribution to the BT — D} "70 — D+ K°" decay
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0 is the angle between p; and ps; ¢ is the momentum of the exchange K meson, and
F(g?,m?2) is the form factor defined to take care of the off-shell of the exchange particles

introduced as [6,7]:
AZ —m2\"
F(g*,mi) = (7A2 _qf) - (15)

The form factor (i.e., n = 1) normalized to unity at ¢> = m% - my and q are the physical

parameters of the exchange particle, and A is the phenomenological parameter.

It is obvious that for ¢> — 0, F(q* m%) becomes a number. If A > my, then
F(g? m3) turns to be unity, whereas, as ¢ — oo, the form factor approaches to zero and
the distance becomes small and the hadron interaction is no longer valid. Since A should not
be far from my and ¢, we choose

A =mg +nAqep, (16)

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

1
—iGF d3P1 d3P2
2v2 : 2F; (27)% 25 (2n)

Abs (4b) = -(2m) 0% (pp — p1 — p2) ¥

. . BD?*
X(—1V20r i K+ )EpvaBEl € - DED (—iV20Dx K D) pornehe T POPI{ 2mps (€2-p1) fr Ag - * X
1

. .y F2 (g%, m2. iG
X [a1 Vi V.5 —|—a2VCqus]} ( T k) = 8\/57:;13 gDK*D;ng*K/|P1|d(COSO)X
-1
N . . F2 27m2 )
x {2Hsmp; (2 p1) S, AY [ Vi Vi + azx/cbvus]}%, a7
2
where
Eslps| — E cos 6
Hs =m3(p1 - p2) — (p1-ps)(p2 - p3) + ( 2lps| lled > x
mz|ps|
x[(pB - p1)(p3 - pa) — (pB - 3)(P1 - Pa)], as)
Ty = (p1 — p3)* — m¥k. = pt +p3 — 2pIp3 + 2p1 - P3 — M-,
¢* = mi +mj — 2E1 B3 + 2|p1||ps| cos§ = m}. +m% — 2p]p§ + 2|p1|[ps] cos .
The dispersion relation is
1 [ Absda(s') + Abs 4b(s’
Dis4(m2) = —/ i “(5,) A () 4. (19)
T S — mB

S

3.2. Final State Interaction in the Bt — D} p® — D+ K°" Decay. The quark model
diagram for the Bt — D} p® — D+ K" decay is shown in Fig.5, and the hadronic level
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Fig. 5. Quark level diagram for the B — DF p° — DT K°" decay
I B

D+

—

Fig. 6. HLL diagrams for long-distance t-channel contribution to the B* — D¥p® — DT K" decay

diagrams are presented in Fig.6. The amplitude of the mode BT — p%(e1,p1)D{ (p2) —
D*(p3) K% (g4, pa) via the exchange of D is given by

1
. —iGF d3P1 d3P2 4 ¢4
Abs (6a) = ol A e (2m)*0% (pB — p1 — P2) X
21

X (~igp.px+)es - (p1 + q)(—igppp)ez - (—q){2my(e2 - p1) f, AP
F2 2 2 _iG
X [a1 Vi V.5 +a2V0qu*8]} (¢°,mp) 1Gr

D,DK*9pDDX
Ty Sﬁﬂmgg ' e

F2(g%, m2
></|P1|d(cos9){2H1m,)fDSA§”[a1VubVC”;—|—a2VCbV ]}M

W o)

and

1
—iGFp 3Py d*Py 454
Abs (6b) = - 2m)%0 —p1 — X
(66) 2v2 2E1(27r)32E2(27r)3( ) e —pi— )

x (= Z\/_QD D+ K*)EuvaBE:s’gD p1p3( Z\/_gl)D D)EpoAnEseD- p2p4{2mp €2-p1)fp, ABI)X

| P1| d(cos 0) x

1
FQ(q2 m2 *) iGF
X a1V Vi + a2V Vi ]} LD = 9D, D*K*JpD* D/
CcS us T 8 2 E
2 \/_WmB kA

F2(¢%, m%,.
X {2H3mp(62 -pl)stAfp[alvubV; + aQVd,VJg]} (q D )

T 1)
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Equations Hy, Hs, Ty, T and ¢? can be written similar to those in the previous section. The
dispersion relation is

oo

1 [A A
Dis6(m2) = — / bSGGS +m2b56b( ) g’ 22)
m —Mmp

The decay amplitude of BT — Dt K°" via the HLL diagrams is

A(B* — DTK") = Abs (4a) + Abs (4b) + Abs (6a) + Abs (6b)+
+ Dis4(m%) + Dis6(m%). (23)

4. NUMERICAL RESULTS

Numerical values of effective coefficients a; for b — d transition at N, = 3 are given
by [8]:

ar = 1.05, as = 0.053,

as = 0.0048, as = —0.046 — 0.0124,

a5 = —0.0045, ag = —0.059 — 0.0124, (24)
a7 = 0.00003 — 0.000184, as = 0.0004 — 0.00006,

ag = —0.009 — 0.000184, a0 = —0.0014 — 0.000064.

The relevant input parameters are used as follows:
mp = (5279 £ 0.3) MeV, mp = (187+0.2) MeV, mp- = (2010.24+0.17) MeV,
my = (493.6 £ 0.016) MeV, mg~ = (891 4+ 0.26) MeV, mp, = (197 £0.34) MeV,
mps = (2010.2 £ 0.17) MeV, m, = 139.5 MeV, m, = (775.4 + 0.34) MeV,
fB= (176 £42) MeV, fp =(222.6+19.5) MeV, fp+ = (2304 20) MeV,
fr-=(217£5) MeV, fr =(130.7£0.46) MeV, f, =211 MeV,
Vb = 0.0043 + 0.0003, Vg = 0.974 £ 0.0002, V,s = 0.2257 +0.002,
Ves =0.9745+0.11, Vg =0.230 £0.011, V,, = 0.0416 & 0.0006 [7, 9],
ABP =03, ¢=-70° (VP), ¢=-20°(PV), p=0.5, Aqgcp=0.225GeV,
Gr=1.166-10"°[8,10], g,pp =2.52, gop-p =2.82[11], gp:-xp = 18.34,

gp:k+p =299, ¢gp,pK+ =259, gp,prr+ =279 (6], grxr- =406 [12].

(25)

By using the input parameters and according to the QCDF method of the BT — D+ K0*
decay, we get
BR (BT — D*K"") = (0.35 £ 0.04) - 107°. (26)
We note that our estimate of branching ratio of the Bt — DTK°" decay according to the
QCDF method seems less than the experimental result. Before calculating the B — D+ K"
decay amplitude via FSI, we have to compute the intermediate state amplitude. We are able
to calculate the branching ratio of the Bt — DT K" decay with different values of 7, which
are shown in the Table.
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The branching ratio of the BT — DV K°" decay with » = 2.1—2.6 and experimental data
(in units of 10~°)

n 2.1 2.2 23 2.4 2.5 2.6 Exp.
BR|0.61 £0.03|0.86 0.05|1.18 £ 0.06|1.71 £ 0.08 |2.37 £0.09 [2.94 £ 0.10 | < 3

5. SUMMARY

We have analyzed the Bt — DT K" decay in the QCD factorization approach and then
we have added the final state interaction effects. For evaluating the FSI effects, we have only
considered the absorptive part of the HLL, because both hadrons which are produced via the
weak interaction are on their mass shells. The experimental result of this decay is less than

31075, According to QCDF and FSI, our results are BR (BT — Dt K%") = (0.3540.04) -

1075 and (2.94 + 0.10) - 107, respectively. The main phenomenological parameter in the
FSI effects is 7, which is determined from the measured ratios. Its value in form factor is
expected to be of the order of unity. In this work, we have considered n = 2.1—2.6 and the

best result obtained by n = 2.6.
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