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Abstract

We study Cabibbo-Kobayashi-Maskawa (CKM)
favored and suppressed weak decays of B, mesons in
the Isgur-Scora-Grinstein-Wise (ISGW) quark model.
We present a detailed analysis of the B, meson
decaying to pseudoscalar meson and p-wave mesons
In the final state. We also give the form factors
involving B, — p-wave transitions in the ISGW I
framework and consequently, predict the branching
ratios.



UNIQUELY OBSERVED BOTTOM CHARM (B¢ MESON

Studiez of the B. meson decavs are important for several reasons. The B meson
discovered at Fermilab is the only quark-antiquark bound syseem (k<) composed of heavy
quarks (b.c) with different flavors, and are thus flavor asymmetric.

The decay processes of the B- meson can be broadly divided into thres classes:

i)  involving the decay of b quark with ¢ being spectator,
1) involving the decay of - quark with b being spectator and
i} the two component annihilate, & and 7, waakly.

Processes i) and ii), a5 mentioned above, can conmribuie to semileptonic and nonleptonic weak

decays, while the process i) can only contribute to leptonic decays.



B, MESON EMITTING DECAYS OF PSEUDOSCALAR
AND AXIAL-VECTOR MESONS

WEAK HAMILTONIAN

Bottom changing (Ab=1) decays,
a. The CKM favored b— ¢ transition,

Hy ({VMVM[El(EEJ]({fu]+E~.f.:df:'](m]]+ V.,V [e,(ch)(sc)+ ¢, (sh)(ce)]+

V.5Vyeley(eb)(su) + ey (sh)(a)]+ VsVoulei(eb)(de)+ ey (db) co)]}.

b. The CKM suppressed b — u transition,

Hy = ZE (7,1 [ b)(50) + ¢y (hYUO)| + V.Vl (ib)@u) +cy (db) )] +

A

VoV [€ ((ub)(std) + ¢ (sh) ()] + V.V 4lc (ub)(dc)+ c, (Ab)(ue)]}.



Bottom conserving and charm changing(Ab =0) decays
a. CKM favored (ac=-1.45=-1) decays,
Gr

>

b. CKM suppressed (AC=1 AS=0) decays,

Hyy = —=V,qV [e1(ud )(5¢) + oy (3d )(ie)];

H, = GT V.V oley(@d)@u)+ ¢ (Cu)(dd)]

+ V. Vo[e (@) du)+c, (T)(ds)]}

c. CKM doubly suppressed (AC=-AS=-1) decays,

Hyy = SE 1, (e (@)(de)+ ¢, (@s)ae)]|

J—u.*:-:.:z’

where

¢(u)=126 c,(u)=-051at gu~m;

c,(u)=1.12 ¢, (u)=-0.26at =



DECAY AMPLITUDE RELATIONS
Decay amplitudes of CKM-favored mode ofR — P4 decays for
bottom conserving and charm changing modes.

Decavs Amplitude
ab =0 AC=-1,A5=-1

B > B, a f,(sin g, F&™5(ng)+cos 6 F575 (ng )
B =B af.(cosd F5 % (m)—sing, F> "% (n))
BT B a,f, (808, F 55 (af ) +cos8, F 575 (mi))
BT - E'B; a,f,(cosé, Fo 5 (ml)—sin 6, F 575 (ml))
Ab=0.AC =—1.A5 =1
B = E°F —a [ (zin & F57 % (mg ) +cozd, F5 e (m))
Br KB —a [, (cosf, F* ™5 (m ) —sin 8, F* ™5 (nil))
B —E'E —a, f, (dn g, F* 7% (n ) +cos8, F> "2 (m))
BT KB —a, [, (cos8, F5~% (n)—sin 6, F %75 (ni' ))
AB=0,AC=—LAS =0
B KB af,Ging F5 % (mi)+cos8, F* 7" ()
B* KB af, (coss, Fo 5 (n ) —sin g, F5 % ()
B »x" B —a f, (sin 8, F> 7% (nL) +cosd, F> 75 (ng )
B —x"B —a f,(cos8, F 75 (ni ) +sin 8, F5 75 (g )
B =B %a: £, (sin g, F~5 () + cos8, FA5= (m2)
* g 1’ e s
Ford 5l (058, F R (o) —sin 8, F 7 (n)
B —nk — L o (sing,dng F55(m2)+cosd, cos 8, F5 5 (m®))
-uﬁ - F B £ T L a T
B —nk —L i £ (cos8, sind, F= 5 (nf )—sin 8, cosd, F= 5 (ni)))
'ull’-T 47 4 5 T 4 5 T




CALCULATION OF THE FORM FACTORS IN ISGW II MODEL

B.— A4/ A TRANSITION FORM FACTORS

The form factors have the following simplified expressions in the ISGW II
model for B, —».4/4 transitions caused by b — ¢ quark transition:
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where

RO = FO = F (T B)}/( A)%
O Y (~_B)% (~_A)%’
mB mA
|:5(C+—C_) _ |:5(S+—S_) _ |:5 (@)_% (@)"%
mB mA

1
Béx :E BE*‘B?(

The value of § parameter for s-wave and p-wave are

Quark ud Ty 55 e €x uk 5 T b
content

. B(GeV) 041 044 033 04> 036 045 034 088 o052

. B (GeVy 028 030 053 055 038 033 041 032 060

and



Form factors of B. — A transition at .f = I IN the ISGW 11 quark model

Modes “Transition ¥ | Cs I
Ab=0,AC=-1,AS =-1 B —B, -15.816 1710 0177
B—R -2 838 0.453 0065
Ab=1, AC=0,A5 =-1 B— D -2.129 0,030 -0.001
B. =D, -1.982 0043 0,001

;"I..i.-' =1, ;"I.'li = 1, ;"I...';'- = [] ﬂr — _.-f'.l'f_'F" -[]-I'i.:'] -[] ]-I-H -'ﬂ[]‘[:‘:‘.l




Form factors of B_ — A" transition at g =t in the ISGW 11 quark model

Modes Transition r 5, 5.

Ab=0,AC=-1,AS=-1 B =B, 10,424 0701  -D.279
. — B -3.947 -0.201 0.0003

Ab—1.AC=0.AS=1  B=D 1451 0038 0023
B =D, 1.424 0.062 0,032

Ab=1 AC=1,AS=0 B —h(cc) 2129 0212 0062




B, — P TRANSITION FORM FACTORS

For B. — P transition form factors also, we have
following expressions:

—

¢ Inl %
m | s .
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Form factors of B — P transition at 5° = 1, in the ISGW 11 guark model

Modes “Transition I T f

Ab=0,AC=-1,AS=-1 B -8 "0.926 0.374
B — B 1103 0,652

Ab=LAC=0,AS=-1 B 5D 2110 1075
B =D, 1.543 1,336

AB=ILLAC=1.AS=0 B —q () 1,103 0716




MUMERICAL RESULTS AND DISCSSIONS

Branching ratios of CKM-favored mode of #. — FA decays for

bottom conserving and charm changinge modes

Decays Branching ratio

AbP=0AC =—1LAS=-1

B 1B 2.92x10°*
n —},'r'ﬂ',’: 047107
B = fi',r;:- 0. 534107
B KR 01010

B KB 0.10x10"
B KR ' 1.58x10°
B S K'B 1 47x10°
B KR ' 2.55x10°"




AbB=0AC =—1LAS =0

B KB T 40107
B SKB 1Ix107
B' >R 0.232x10°
B —x' B | 105x10°
B —a'B IB1x107
B —=x B 3.33=107
B B 2.12x10°

B —=nB; 3.64x10°




Branching ratios of CKM-favored modes of 8. — FA decays for

hottom changing modes

Decays Branching ratios

Ab=1LAC=1A5=0

B-— Do 313107
B DD 9.77x10™
B —1_a, 031107
B b 2.59x 107"
B sry, 007107
B —sah, 0.06x 107
B = D'D, T G110

B —=D"D 6.53x10™




Ab=1LAC=0A5 =-1

B = DK, 4.93x107
B — DK, 1.52x 10"
B = Ira 1.13=107
B — D f 134 107"
B =x'D, 7.85x107
B 1D, 707107
B snD, 4.8 107
B —nlr, 4. 3300
B K I 249107
B =K DF 3.63x10™"

206107

B —qlr

B =gl

23510




B — I h, | 01510

B =Dy, 010 107

B s D, | 3.25x107

B —n | 1.27=10"




Ah=0AC=1LAS=-1

B =Kz, | 50610
B Kk, T A
B —D'D, 5 06107
B DD, T 331x107
B — DD B62x 107
B DD L6kl
B 1K, | | 35107

B ank, 404105




Ab=0AC=0A5=0

B —sx )y L0 107
B =D 138107
B =D 3.80x10™
B —x D 5.02x 107"
B —nl) 6.5 107
B =D, | B A2x107
B —=q'D | 198107

B =D, | 4. 8T= 107




B = Dral 25010
B =D, 3082107
B =Dy, 245107
B Irh, 38310
B, —= DPq R6dx10™
B — IO'K 73010
B —n.D 5 88107

6.79x107

B —n.D




A=0AC=—1A5=0

B Do | 30110
B DD 2.91x10°
B =00 6.24= 107
B —=D0'D 3.33x107

A=0AC=—1AS=-1

B 0, | 5. 72107
B DD, | 6.7 107
B o ' 151107

B DD ' L1810




DOMINANT DECAYS

1) For charm changing and bottom conserving
are:

B(Bf > n"B°) = 2.92x107, B(B — K°B]) =
0.54x107%, B(B ' —>7B) = 047x107,
B(B°—>7°B°)=0.24x10"and B (B > K'B’) =
0.10x107%.

11) For Dbottom changing transitions the
dominating decays are:

B(B"—>na) = 031x107, B(B-—>Dh) =
0.15x10% and B(B- - D 7. )=0.10x10".

The rest of the decay modes remam highly
suppressed partly due to the small values of the
CKM matrix elements and the small values of
the form factors.



Bc MESON EMITTING DECAYS OF
PSEUDOSCALAR AND TENSOR MESONS

CALCULATION OF THE FORM FACTORS

The required form factors h, k, b and bare
calculated from the following expressions of ISGW 11

model:
1 mpB )
—_ _} -F.J. . IE.M.
B, \m _,Ll_uf_,ﬁ],_,‘__, )
m.
k=—==(1+®) F",
2B,
2 B: ’ B: 4
m : m, P e
b +b = " - [I——Hf Fo,
4 2mmm B P 2m_ .
g b n - n 0T A i ET )
{ 7 7 7
_ m, myny, Prmy By m; P; (b,~b_)
b"'_b___ 3 ~ T A o 2 2 - 2 Fi J
ij,f;”ITBﬂr L Llmy BH._T 4m, BHI_T L) Bﬂ_,?'




Form factors of £ — T transition at g =1, in the ISGW II gquark model

Modes Transition h k b, 3
Ab=1,AC=0AS—-1 B D DOI7 05356  -0008 0011
B —D, 0.019 0.739 -0.011 0014
Ab=0 AC =-1A8 =- B — B 0.100 2722 -0.034 0.148
B — B, 0.119 3.632 -0.049 0.165
Ab=1,AC=1LAS=0 B =y, 0023 1411 -0017 009




DECAY AMPLITUDE RELATIONS

Decay amplitudes of B. — PT decays for Charm changing decay mode:

Decays Amplitude
Ab =0, AC = -1, AS =-1
B: = x*B", a, fF % = (ml WV,
B'— K"B: a, f F* "5 (mi W V.
A=, AC=-1,AS =1
B =K *Hﬁ' a fi F "j"'"’!'-l[m:. WV
B —=K"B; a, i F*7% (mp WV
Ab=0, AC=-1,A5=0
B = K'B., a f F "% (m W V.
B Hé:- a _?‘:.:F'Ij'_"lj-' i m.—? ]i’:.-g'i':u;'
+ 0t - .
H:_ —* i H-_ %H:ﬁ_—Fn’,—-u& [-”!; Pli"'-:_a-i"-d
B' — nB; !

——a, [, cos o F = m WV

J2




NUMERICAL RESULTS

Branching ratios of B — PT decays for Charm changing decay modes

Decays Branching ratios

Ab=0,AC=-1,A5 = -1

B -1 Hj‘: 3.0=107

B* —K'B; 1.0x10°

Ab=,AC=-1,AS =1

B — H“Hé; 1.8x107"

B' — K"B; 27107
AB=LAC=-1.A5=10

B — K'BY 3.7x107

B! —»1'B) 16107

B = 1"B; 1.4x10°

Hr_ — ;}H; 2.0 1Y '




Branching ratios of B. — PT decays for Bottom changing decay modes

Decays Branching ratios

Ab=1.AC=1.A5=0

Bl 5Ty, 2.0 107

B, — D"D; 4.0x10°
Ab=1,AC=0,AS=-1

B- —1°D, 6.8x 10"

B. — b, 36x10™

B-— K D! 1.6x10™"

B —n'D, 3.1x10

B =Dy, 3.2x10°

B, —=1.D}, 14107
Ab=],AC= 1, A5 =-1

B =K 7. 1.5x107
B — DD 4.4x107
Ab=1,AC=0A5=10

B —1'D; 5.7x 107
B — 1 Do 2. 1107

B~ — D 3.0x107
B —1D; 26x10°
B Dy, 1.2x10™

B —n.D; 4.5%10°

Ab=1,AC=-1LAS=10

— il
B — D D 3010

— 0
B —DD; 1.6x10

Ab=1,AC=-1, AS =-1]

=
B~ — DD 9.9x10°




DOMINANT DECAYS

i) Dominant decays for bottom changing
decay modes are:

B(B D 7)=3.2x10*% and
B(B -7 7,)=2.0x10-,

ii) Branching ratio of dominant decay for
charm changing decay mode 1s:

B(B" —7'B’) = 3.0x104,

which seems to be at the reach of future
experiments.



Bc MESON EMITTING DECAYS OF
PSEUDOSCALAR AND SCALAR MESONS

CALCULATION OF THE FORM FACTORS

The required form factors for B — S, u. and u_,

are calculated from the following expressions taken
from ISGW II model:

>

U +u_ =—\Fﬂ Fo
3p,

W o—u —\{7—1’? -



Form factors for £ — 5 (Heavy Scalar Meson) transition at g =1, in the ISGW 11 quark model

Modes Transition u, M
Ab=0 AC=-1AS = -1 B — B, 0.104 -1.602
B =R, 0.120 -2.120)
Ab=1,AC =0A8 = -1 B — D, 0.246 -0.536
B =D, 0.316 -0.695

Ab=1,AC=1A8=0 B -1, 0.314 1.054




Form factors for # — P transition at g° = in the ISGW I quark model

Modes Transition f. I

Ab=0AC=-1,A5=-1 B —= B 0.969 -0.486
B — B 1.262 -0.733

Ab=1,AC =0, AS =-1 B =D 2484 -2.326
B =D 1.649 -1.477

Ab=1.AC=1.A5=0 B — n_(cT) 1,201 -0.935




DECAY AMPLITUDE RELATIONS

Decay amplitudes of B. — PS decays for Bottom conserving and Charm changing modes

Decays Amplitude
Ab=0, AC=-1AS =-1
B — 1B, a fF 5 Unf_,__ —m_ﬁ:_ WV
B* — K"B’ a, f, FE % (m? — r.'rrf_,: J'ir"'_,_‘i"';.
B' = BK] afy F e l"r:rri!_. —my V.V
B — Bla; af F BBy m,.-;r —my WV

Ab=0, AC=-1,A5 =10

BT — K'H::,: a, f, F""r-""’a--(m;r —mf_,_: WV,

B = 1" B —a FF % ml i WV

[ a T B By " od T

s B R F ? r i

B 1R ay fo T (my, —my WV
B —nB, I . BBy 2 1, .
: 1% F a, f,F Js'mr..,!f —my WV

B — B'a; —-a,f F B iy —my WV

B"—BK; a fr F ”-"""'mz,.';r —my WV,

Ab=0, AC=-1, A5 =1

* -t gl p o8l ] T
B, — KB, —a fe F7 my —my WV,
+ -0l gt - R T T
B, — KB, —d, fu F (mmy —my WV,
B = R H,::,' —ay fr F7 0 my —mg WV

B~ B'K; : - fie P oy — i ViV




NUMERICAL RESULTS

Branching ratios for B — PS decays for Bottom conserving and Charm changing modes

Decays Branching ratios

Ab=0,AC=-1,A8 =-1

B' -1 B 1.30x 107
B — KB, 7.87x10°
Ab=0,AC=-1,AS =0
B’ — KB, 9.65%10”
B — 1B, 7.66x 10"
B — 1'B; 6.31x10"
B —nB; 2.15x10”

Ab=0,AC=-1,A5 =1

B — K'B) 1.36x10”

B — K"B; 2.14x10"




Branching ratios of B — PS decays for Bottom changing modes

Decays Branching ratios

Ab=LAC=1LA5=10

B — D™D 5.14x10°
B —na; 1.22%107"
B >z, 7.99x10~
B — DD, 1.52x10°~

Ab=1LAC=0,A5 =-1

B, - DK, 6.06x10™
B — 1Dy 273107
B. — 0D, 1.69x107
B — K™D, 5.80x10°"
B, =D, 01107
B, — D, ¥ 15.10%10°

B —n.D, 1. 20107




Ab=LAC=LAS =-] Ab=1,AC=-1, AS=10

B — D, D 1.25x10° B — DD 1. 24x107
B, —1.K, 9.19x10°™ B DD 032107
B =K yq 5.99x10° Ab=1,AC = -1, AS = -1
B — DD 1.8T=107™ B — DD, 5.66x10°
Ab=1LAC=0A5=0 B — DD 3.96x107
B, —D°a; 8.10x10™ 70
B. —1'D, 2.08x10™
B — 1 Db 7.55%10°
B — by 1.29:107°
B —yD; 7.79x10°
B =Dy, 5.19x107

B- = D] 4195107




DOMINANT DECAYS

i) For charm changing and bottom
Conserving is:

B(B] - 77B) = 1.30x10=2.

11) For bottom changing transitions the
dominating decays are:

B(B. - D 7,,)=15.10x10-2,
BB > 7 7,) = 7.99x102 and

B(B. - 1,D3) = 1.20x102.

The rest of the decay modes remain
highly suppressed partly due to the
small wvalues of the CKM matrx
elements and the small values of the
form factors.
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