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Photonic decay widths of some heavy pseudoscalar mesons
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The photonic decays of the heavy pseudoscalar meBpns,, , andD, are studied in the single loop
quark model. The contribution to the twp decays of the heavy pseudoscalar mesons are computed in the
standard model as a function of the quark mass. It is interesting to note the equality of the order for the two
v decay amplitudes dB, , B;,, andD, . [S0556-282(96)06011-0
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INTRODUCTION

AJ@:(Q+ 1)% 2+ 4(x;1%p) fol(dy/y)

We are studying the exotic flavor-changing twalecays
of the heavy pseudoscalaB (@ndD) mesons. These are of
second order in both the weak and the electromagnetic inter-
actions.

xln[l—y(l—y)(xj/xp)]] 2

The electromagnetic decay of the pseudoscalar meson h
been studied by the baryon loop model and the constitue
guark model withn;=2-4 flavorg[1]. The twoy decays of

the one particle irreducible contribution of thth quark

nd

the pseudoscalar mesons such7s 7, 7', 75, 7., and - 2
o 1-5x;—2x5  6x7Inx;
7, are studied in the one loop quark mo{i2]. The one loop AJ(”: &2 —1+ —— ——
quark diagram contributions to tH€, —2y has been com- (1=x)) (1=x))
puted in the standard model as a function of the quark mass 3_9y. B INx.
[3]. Lattice computation of the decay constantsBo&nd D +Q| -3+ 12 — ! 13) 3
mesons have been carried out by Berneirdl. [4] who ob- (1=x)7  (1=x)

tained the following estimates from the numerical interpola-, ) ) o
tion of the static and the intermediate mass results as is the one particle reducible contribution whege- — 1/3 for
thed, s, andb andQ=2/3 for theu, c, andt quarks. The

termA{") is simply related to the one-loop effectiyé® cou-
pling [5]. The schematic diagram for the twp decay of
P° and P is shown in Fig. 1. Furthex;=(m;/My)?,
xp=(mp/MW)2 and\;; is the charged current mixing matrix
for six quarks[6]. The paramete¢ is given by

m3
&= 1_6< PL PL>1

wherep, , are the momenta of the valence quarks inside the
pseudoscalar mesons. [Ifi] it is called the charge radius of

the pseudoscalar meson which can be understood from Fig.
All the external momenta are assumed to be small com: P 9

pared toM,, . For the invariance o€ P T, gauge and also for 2. .NOV.V It hasobe_eon arguq@-10 that if the entireCP vio-
the angular momentum conservations, the amplitude of thléaltlon in theK™K" sector comes frond, then

radiative flavor-changing twg decay of heavy pseudoscalar
meson P,) must be proportional te4e5q5q5, wheree

fg=187+34+15 MeV,
fg =207+ 34+ 22 MeV,

fp=208*=35x12 MeV.

1 1 1

In our calculations we use the central values of these decay N N N
Ji1-P2 O2-P2 di-P2 Q2-P1

constants. Here we present detailed quark model calculations
of the effectiveB, —2vy, B;;— 27y, andD — 2y transitions.

THEORY

o 4
andq, , are the polarlzatlon and the momentum vectors of WA 7
the two photons. The amplitude of the quark model calcula-
tion is given by[ 3] 2° or 50 W 4 +crossed diagram
H GFa M VOB *
A(P,_—>2'y):|—fpsw,algslsquqzj_Eu‘,Ct Re()\jm)\jn) 3 WAMMAMAMAM ¥
X[AD+AM], (1)

FIG. 1. The schematic diagram for the twodecay ofP° and
where m=d, n=b for B, m=s,n=b for Bg, P hereP°=B° BY, andD°. Also j=u,c,t for B’ andB? and
m=c, n=u for D, . Also d,s,b for D°.
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FIG. 2. The diagram for the2decay showing the possibility of

the vertex as appears for the charge radiP8f here P°=B° and
B2 andD°. Also j=u,c,t for B andB? andd,s,b for D°.
(43

$,535iN6=10"3,

which is consistent with what is needed folin K decays.

The decay width of the heavy pseudoscalar mesons

given by
[(PL—2y)=(mj /64m)|A(PL—=2y)[%. (4D

The neutral heavy meson8(, B, , andD,) exist in the

1219

£~ 3, ReyaMIA!+A]

= —51[ §C183— (16X /9Xg ) C2(C1C2S3+5,C3€0851) Uy

— &g R$x(C15,83—C,C3€0851) ],

where

1
U= |yt -y(1-yyxe, ix1=7.657,

where we takemBL=5279 MeV[11],

Tx—5x2—8x%  2x%(2—xy)Inx

R=—5i1—x)° 3(1_x)? 0%

_\évhere we takean, =174 GeV[12],

fBL=(mZBL/meO)§7To=87.90,

with £,0=5.9x10"?c, [3] and §=0.7° using Eq.(4a).
Therefore, the amplitude for the twpdecay ofB, is given
by

two CP eigenstates. The mass eigenstates are the mixture of

these states. The mixing may be understood by the box dia-
gram as shown in Fig. 3. The two mass eigenstates can be

written as
|PL)=alP%+b|P),

|Psy=a|P%—b|P%, where a®+b?=1.

HereL andS stand for mixedCP states.

CALCULATIONS
A. Decay width of B, —2y

For simplicity we assume the mass of thequark to be
zero. We define a portion of the right-hand side of &g.by
E, in the following way:

(a) e(d,s) w w (b, B)
. =0 ~T0o
»° LBD,B‘o) i & b .8 )
e L
« (b, b) ¥ < @s)
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FIG. 3. The diagrams(a) and (b) for the conversion of
P°~ P hereP°=B°, B?, andD°. Also j=u,c,t for B’ and B?
d,s,b for D°.

Gra 11 “1
IA(BL—27)|= 5z Tol x| =1.19x 1072 Mev 2

Here we have takerig=187 MeV [4]. The factor (2}?
comes due to normalization of the decay constant. Hence the
decay width is given by
mgL
I'(B.—2y)= 6—|A(B,_—2y)|2=1.04>< 10" Mev.

4ar
B. Decay width of B, —2y

Here also we take mass of tliequark as zero and thus
X,=0. We definek, as

E= 3, ReyARIAL +A)

16x.

™ (C2C5C4S3+ C1C»S,C5C0S5,
B

_ 8.2
=§S1S3C3+
sL

2 2 2.2
—C;C,S,55C089,— S5S3C3) U+ §BsLR(01520353
4 2 _ 2 _ 2

€1C9S,S5C0S0, — C1C,S,C5C0S5, — C5C3S3),

where

BSL
XC

1-y(1-vy) =7.748,

1
IUz|=fo(dy/y)In

7x—5x2—8x%  2x%(2—3x)Inx,
9(1—x,)3 3(1-xp* 777

R:

6=0.7° using Eq.(4d, (s =(mg_/m,0)?*¢ 0=91.60,
where we takemBst 5375 MeV[11].
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Therefore, the amplitude for the twgp decay ofBg, is
given by

Gra -11 -1
|A(Bs|_—>2‘y)|=mele2|=9.O4X1O MeV™-.

Here we takefg =207 MeV/[4]. The factor (2}'*comes due
to normalization of the decay constant. Hence the decay

width is given by
mgsL
[(Bsi—2y)= WIA(BsL—Qy)lZ:&SZX 1012 MeV.

C. Decay width of D —2y

For simplicity we assume the massfjuark as zero thus

Xq=0. We defineE; as

Egzjgsb Re(\ M)A +AM]

= Sl[ 59_Och2_ (100(3/9XDL)C3(C10203_ 323300353) U 3
— &p, R's3(€1€;83+5,€5€0853) ],

where
1
U3l [ yynta-y(1-yxox-7.983,

21— 106 —13x,)  4xp(5—3xy)Inx,
- 9(1-x,)3 O 3(1-xp)?

=0.0087,

6=0.7°, using Eq(4a and
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ép, =(mMp,_/M0)%¢0=10.94.

Therefore, the amplitude for the twpdecay ofD, is given
by

Gra —11
[A(DL—27)|= 57 fol Eal =0.88¢ 1071 Mev.

Here we have takefi,=208 MeV. The factor (2% comes
due to normalization of the decay constant. Therefore, the
decay width is given by

3

(D —2y)= %|A(D,_—>2y)|2

=2.50x10"1° MeV.

RESULTS AND DISCUSSION

From our results it is observed that the two decay
widths of B, B, , andD are not too sensitive to the varia-
tion in the(quark level C P-violating parametes even up to
a few degrees. From our calculation it is also interesting to
note the equality of the order for the twyodecay amplitudes
of B_, Bs., andD . However, their decay widths increase
gradually fromD, to B, (Bg,) due to the increase of their
mass. Now here we like to mention that at the hadronic level
the CP violation manifestation is in terms ef while at the
quark level its measure is theKM phases.
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