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Introduction

* The less explained/understood spectrum of p-wave mesons has posed serious
problems in studies involving these particles. Therefore, the p-wave emitting
decays of heavy flavor hadrons has always been challenging.

e Over the years, a lot of interest has been developed in study of these decay
channels due to experimental observation of many decay modes.

e Also, recent observations by LHCb on CP-asymmetries of decays of strange
bottom (B,) meson have taken much attention. The study of B, meson decays can
shed some light on underlying dynamics involving heavy flavor hadrons within
and beyond the Standard Model.

* With intensive efforts underway at several laboratories, one expects a complete
understanding of the hadronic aspects or even perhaps New Physics (NP) in B
meson sector.

* In the present work, we give preliminary estimates of axial-vector meson
emitting weak decays of B, meson.



AXIAL-VECTOR MESON SPECTROSCOPY

Experimentally, two types of the axial-vector mesons exist i.e.
3P1(JPC :1++) and IPI(JPC :1+—)

For 1"
Isovector : a,(1.230):a;, a;, a/

Isoscalars: 1

£(1.285)= NG (uu+dd)cos ,+(ss)sing
£11.512)= %(u; +dd)sing ,—(ss)cos¢
X4 3.511)=(cc)

where

¢, =0(ideal)—0 ,(physical)



For 1"

Isovector :
b(1.229):b', b, b’
Isoscalars:
B (1.170) = % (uu+dd)cosg ,+(ss)sing ,
k! (1.380) = % (uu+dd)sing ,—(ss)cos¢ ,
h.(3.526) = (c?)
where
¢, =0(ideal) -0 ,(physical)
with

P, =0, =0



MIXING IN STARNGE AND CHARM AXIAL-VECTOR MESONS

A1) and A'(1"7)

Mixing of Strange states

K,(1.270)=K,,sin6 +K, , cosb,

— _&Q0r 2~0
K,(1.400)=K, ,cos& —K, ,sind,. 0, =-58"(-37")

Mixing of Charmed and Strange Charmed states

D, (2.427)=D, sin0, +D, cosb,,
D,(2.422)=D, ,cos6, —D,  sinb,,

&
D, (2.460)=D,, sin0, +D,, ,cosb, ,
D, (2.535)=D,,,cos0, —D, sinb, ,



However, in the heavy quark limit, the physical mass eigenstates with j* =1*
are B’ and B’ ratherthan P and 'P states as the heavy quark
spin decouples from the other degrees of freedom so that

|})11/2>:_\/%|1}3 >+\/§|3P1 >,
P s= 2 P>y 1 P>
| 1 1 1

3 3

Mixing of Charmed states
D,(2.427)=D” cos 0, + D} sin6,,
D,(2.422)=-D*sin8, + D* cosb,.

Mixing of strange-Charmed states

D, (2.460)=D"’ cos 8, + D?*siné,,

D (2.535)=—D"?sin@, + D’ cos 0.

ith
v 0, =(-57+24y  O~T



For 7 and 7’ pseudoscalar states, we use

1
7

7' (0.958)= L(u; +dd)cosd, +(ss)sing,.,

V2

17(0.547)= —— (uu+dd) sing, —(ss) cos@,,

where ¢, =0(ideal) —6,( physical) . 8, (physical) = —15.4° . n_ 1s taken as

1.(2.979) = (cc) .



Methodology



FACTORIZATION SCHEME (Preliminary Estimates of BRs)

Factorization is the assumption that the two-body hadronic

decays of B mesons can be expressed as the product of two
independent hadronic currents:

<MM,|J J" |B>~<M|J, |0><M,|J" |B>
The decay amplitude is given by

Bo>M+M,= % (Cabibbo factorsxQCD factors)x

(M|, 0) (M. [ [ B)+(M, |, |0) (M, |7 | B)}.

Three classes of the decays:

1. Class I transition (caused by color favored),
2. Class II transition (caused by color suppressed) and

3. Class III transition (caused by both color favored and
color suppressed diagrams).



WEAK HAMILTONIAN

a. The CKM favored b — ¢ transition,

co oE

Hy = %{VS&V; [e1(cb)(du)+ ey (db)a)]+ ¥,V [e,(cb)(sc)+c,(sh)(ce)]+

Vs Voole (ch)(su) + ey (shY)a)]+ VugVogley(cb)(de) + e, (db)ee)]}

b. The CKM suppressed b — u transition,

Hy =G—§{mz’; (¢ (ub)(5C) + ¢y (sHYUO)] + VoVl (ub)(du) +c, (db) )]+

N2

Vs Valc 1 (ub)(su) + ¢, () ()] + V.V ogle (ub)(de) + ¢, (db)uo)]}.

Ga=ar (1 ) c1(p) = 1.26,e9(p) = —0.51atp =~ m2,
Where 49 =47, ¥s)9 and e1(p) = 1.12, e2(p) = —0.26atp ~ mé.



DECAY AMPLITUDES AND RATES for B ->PA

3
I(B—>PA)=—L|4B—>PA)
8T m,

where

1

5 {[my —(my +m ) 1[my —(m, —m )1}
U

P.=

The factorization Scheme expresses the decay amplitudes as a
product of matrix element of the weak currents

)(4 )(P|J
0)

(Pq\H

)1 (Pl |0

>+<«4\J‘”
) +(4J"|0

>

4'\J,

f \P‘j#

0)(4

(Pl




The matrix element of current between mesons states are expressed as

(P|J,|0)==if,k,.
(4|7,|0)=€, m f,.
(47 |0)=€, m [,
(A(P,)|J,|B(F;))=l€,+c.(€ By )(Py+P,),+c (€ By )(Py—P,),
(A'(P,)|J,|B(P;))=re, +s.(€ Py )(Py+P,), +s( Py )(P,—P,),
and , , , ,
(P(P,)|J,|B(F,))=(P,, +F,, —Lﬁpqﬂjﬁﬁpff}2)+%q# FPP(q).

q



(A(k,,€)| A, |B(ky))=iq'€ 05 € (ky+k,) (ky—k,),

(A'(k,,e)|A,|B(ky))=ive

uvepp

€ (ky+ky )" (ky _kA')ﬁ

Finally the decay amplitude becomes
AB—PA) = (2m, f, 5" (m)+ fF "7 (my),
A(B = PA)= (2m, [ B (i) + "7 (my)
where
F 220 (mp)=10my) + (my = m3) . (my) + my, c_(m}),

F o0 m2)=r (m)+ (m2 = m?) s,(m3) + m} s_(m3).



B — A/ A' Transition Form Factors in ISGW II quark Model

The form factors have the following expressions in the ISGW II model

myi, (0-1) 5+0 m,p;
F=—n*.'3|33[—+ 24 ( 5 ) F®,
H_ BB 6m,  2u_Bg,
N m,m 1 m, By Fete)
c,+e.=—"———|\l———7°— B
v 2mymgPg |\ 2myp_Pa,

oy, [ 0+2 mmsBy ) s
YT 2mgBg\ 3 i Phy ‘
m 1 mm
F = BJBB [ + 274 ( _1) ]F(r}
V2o 3mp;
m m ., x
S, +S_=——— 2 [1— : + £3 Fets)
2mgPy my 20 Pa,

~ 2
¢ g M [4—{-}_ i, Py ]F,:J,__j_]
+ = - ~ 2

2mPg 3 20,1, Pas



The (= ¢°) dependence is given by

- f—1t
O-1=—"—
2mym
- \.,lé '\.% -3
and F. :[ o ( BBBAM
Mg Bai ) 18 Inverse size of meson
where ,
o3 _3;1;; . _1_ _ 16 )h][us(uw)]
dm.m,  2mgm Pz, g, 33-2n; ag(m,)

2 1 2 2
Bz = 5 (B:é +P ) ‘ Flavor dependence w.r.t. size



The parameter [/ for s-wave and p-wave mesons in the ISGW II model

Quark ud us S cut cs ub sh cc
content

B (Gev) 041 044
B, (GeV) 0.28 0.30

53 045 056 043 054 088

33 033 038 035 041 052




Form factors of B(0") — A(1") transition at ¢° = # in the ISGW II

quark Model
Transition C+ C.
B, —> f -1.847 -0.043 -0.0067
B. > K, -2.623 -0.038 -0.0085
B —» D, -0.661 -0.062 -0.0040

Form factors of B(0") —> 4'(17) transition at ¢° = 7 in the ISGW II

quark Model
Transition S+ S.
B N 0.143 -0.107
B. > K, 0.128 -0.096
B.— D, 0.124 -0.048




Form factors of B(0" ) — P(0") transition

Transition FUBFP (0)
B. —>n' 0.35
B, > D, 0.67
B. > K 0.35

These form factors are calculated in relativistic quark model with flavor
dependent effects. [Rohit Dhir, Neelesh Sharma and RC Verma, J.Phys. G
35, 085002 (2008)]



DECAY CONSTANTS (in GeV) OF THE AXTIAL-VECTOR MESONS

»The decay constants for axial-vector mesons are defined by the matrix elements given
previouly (slide 13). It may be pointed out that the axial-vector meson states are
represented by 3x3 matrix and they transform under the charge conjugation as

MERP)) — MECP), MI(P) — —-ME(P), (a=1,2,3).
>Since the weak axial-vector current transfers as  (4,)2 — (4,)f  under charge

conjugation, the decay constant of the 'P, meson should vanish in the SU(3) flavor limit
[M. Suzuki PRD 47, 1252 (1993); 55, 2840 (1997)].

» Experimental information based on t decays gives decay constant fK] (1270)=0.175 £
0.019 GeV [H. Y. Cheng, PRD 67, 094007 (2003)], while decay constant for K,(1.400)
can be obtained from relatioan](l.400)/fK1(1.27O) = cot 0, i.e.le (1.400) = (—0.087 =
0.012) GeV, for 6, = —58e.



»Numerous analysis based on phenomenological studies indicate that strange
axial vector meson states mixing angle 0 lies in the vicinity of ~ 35¢ and ~ 55e.
Recently, it has been pointed out [H.Y. Cheng, PLB 707, 116 (2012)] that mixing
angle 0, ~ 35- 1s preferred over ~ 55¢. It 1s based on the observation that choice
of angle for /' — " and 4 — A’ mixing schemes (which are close to ideal mixing) are
intimately related to choice of mixing angle 0,. However, we use 0, = —58° in our
numerical calculations.

»In case of non-strange axial vector mesons, the mixing angle for strange axial
vector mesons and SU(3) symmetry determines f,,= 0.223 GeV. Since, @, and f,
lies in the same nonet we assume f;; = f,; under SU(3) symmetry. Due to charge
conjugation invariance decay constants for ‘P, nonstrange neutral mesons b,
h(1.235), h,(1.170), and 4',(1.380) vanish. Also, owing to G-parity conservation
in the 1sospin limit decay constant f,, = 0.



SUMMARIZED DECAY CONSTANTS (in GeV)

_}Llli{"]“ﬂﬂj :Ul?ﬁ, fﬂlﬂ-‘mﬂi =—0.087, fﬂ] =0.203, ffj F‘-—-‘fﬂ,

f ==0.127, f, =0045 f =-0121, f =0038

A xlA 518

f, =-0.160.

cl

PSEUDOSCALAR MESON

f.=0131,  [fi=0160,  f,=0.223, £ =0.294,

f,, = 0.400.



Branching ratios for B — P4 decays in CKM-favored mode involving
b — ¢ transition

Decays Branching ratios Decays Branching ratios

Ab=1,AC=1AS=0 Ab =1,AC =0,AS =-1

B’ - K°D} 9.1x10° B’ -y, 4.3x107
B! > K°D! 1.8x10¢ B’ >n'y., 3.8x107
B »>n D (3.6x107 ) B’ — DD, 2.1x10°3
B! »>n D] 3.0x10* B! — DD 6.3x10°
B? - DK | 14x107 B? - D.D;, 6.9x107
B! — DK 7.3x107 B! — D_D;, 9.3x10*
B® — Dra; 0(10?) +— 9.9x103 | B® >n.f 1.1x10°3
B! — D7b; 8.9x10° B! —nh 9.4x10




Branching ratios for B — P4 decays in CKM-suppressed mode involving
b — ¢ transition

Decays Branching ratios Decays Branching ratios
Ab=1,AC=1,AS =-1 Ab=1AC=0,AS=0
B! —>nDf 2.4x10°¢ B! —> Ky, 4.5x10
B »>nD; 5.0x10°¢ B! - DID; 1.3x10
B’ - K™D 2.7x10* B’ > DD; 2.5x10°
B! > K D] 2.3x10° B! - DD 2.4x10™
B’ >n'Df 2.6x10° B! - DD}, 3.0x10°
B! ->n'D/ 5.4x10° B! »>n.K; 1.4x10
B} »>D°f 3.9x10° B’ >n.K; 1.2x10°
B! — Dl 2.3x10°
B! - DK, 4.1x10™
B = DIK; 1.2x10*




Branching ratios for B — P4 decays involving » — # transition

Calderon, Munoz

Decays Branching ratios Decays This ‘]i:“;lrr::hing 12:‘;: ;%dDV(;E’

Ab=LAC=-LAS =1 AP —LAC=0A5=0 094019 (2007)
B, > K'D; 1.5x10° B" > K'a- (3637x106  19.2x10°
B, > K"D; 7.6x107 B’ »>K'bh. 3.07x107° i

B] > nD/ 4.5x10°7 B' 5> K% 9.78x10°  0.09x10°

B} —nD] 1.6x10° B° 5K°f  116x10°  0.03x10°

B! >n'D; 4.9x107 B’ 'K’ 228x10° :

B’ »n'D! 1.8x10°® B° 5K 8.56x100 _

B, >D"f 5.9x10° B > K- (8186x10° :

B! — Dl 3.5x10° B Sr Kk 3.13x10° i

B! > DK; 3.3x107 B" 5>k’ 140x10° :

B! - DK/ 2.6x107 B >nk®  3.58x10°1° -

ESO N ]]'Klﬂ 8.13x10°7 -
ESO — r['glﬂ 6.05x1011 -




Branching ratios for B — PA decays involving 5 — u transition

Decays Branching ratios Decays Branching ratios
This Work CMV This Work
Ab=1,AC=0,AS =-1 Ab=1LAC=—-1,AS=0

B! > K'K; 1.5%10°¢ 3.3x10°¢ B - K"Df 8.7x107
B! > KK, 4.6x107 1.8x10°¢ B? > K*Df 3.0x10°®
Eso — nofl' 7.5x10°¢ - Ef — K“ﬁf 4.7x108
ESO > :rr"hl’ 3.5x10°® - ESO — Kojz)lo 1.6x107°
§S° — 11(?‘10 2.6x10°® 0.14x10°¢ ESO — DK/ 1.0x10°
ESO — 1/, 3.08x103 0.19x10° ESO — DK/ 5.4x10°
B! —>nf, 4.55x10°® - B! - D°K} 5.7x107
BS” —>nh 2.16x103 - Ef —>_5“I£1° 3.0x101°

B 5> KK | 1.80x10° -

B? »>n'a) 2.96x108 0.14x10°

B’ >na® |296x10% 0.14x10° Highly suppressed

B’ £, |351x10%|  0.18x10°€




Summary

 The BRs of p-wave meson emitting decays are naively expected to be
kinematically suppressed. However, we find that BRs of B, decays
emitting p-wave meson in the final state is of the same order that of B
to PP/VP/VV

e Some of the charm conserving (b -> ¢) modes have rather large BRs of
the O(10/1073) involving D, meson in the final state.

* The next order branching ratios are observed ina few b ->u
transition modes but others remain suppressed.

e CKM suppressed AC =0,AS = -1 & AC = —1,AS = 0 modesin

b-> u remain highly suppressed but these may acquire possible
penguin contributions.
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