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In this research we describe effective Hamiltonian theory and apply this theory to the calculation of current-
current Q12 and QCD penguin @Q3...¢ decay rates We calculate the decay rates of semileptonic and hadronic of
charm quark in effective Hamiltonian theory. We investigate the decay rates of D meson decays according
to Spectator Quark Model(SQM) for the calculation of D meson decays. We obtain the total decay rates
of semileptonic and hadronic of charm quark in effective Hamiltonian according to colour Favoured (C-F) and
colour Suppressed (C-S), and then to added amplitude of processes colour Favoured and colour Suppressed

(F-S) and obtain the decay rates of them.

1. Effective Hamiltonian

The Effective Hamiltonian with QCD effects
(¢ — qiqrG;) is given by

6
Hepp = 2\/§GF Z di(p) Qi)

i=1

The operators @Q;(p) can be grouped into two cate-
gories [1I],[2]:i=1,2-current-current operators;d;(y) =
VerxmCi(un) denotes the relevant CKM factors that
are:

dio=VilViCio  ,  ds..6=—ViV;3,Cs.6 (1)

We should take the variable P,and P,or x and y as,

Pi: )
79

The partial decay rate in the c rest frame is,
d’Tq,,....q./dxdy = Toc(an I, + a2, + asl3,) (3)
Here

o1 = |dy + dy + ds + dy|* + 2|dy + dy|? + 2|dy + ds)?
g = |ds + dg|? + 2|ds|* + 2|dg|?)
ag = Re(3dy + da + d3 + 3d4)d;
Ly = 62y fap-(1 = have), Iy = 62y. foe-(1 + hiea),
I3, = 62y. fac-haa-hye
hea = [1=(2%/(z*+a®)]V/?, hye = [1=(4*/ (V> +)]V/2,
hat = [1=(2 /(&P +0*)]Y2, hya = [1=(y° /(> +0*)]'/?,
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Doe = GEIM?/1927°, fup = 2 — Va2 + a% — \/y2 + b2,

fre=2= Va2 + 02—y’ + &,

fac:2_\/x2+a2_\/y2+c2

(far)? = ( 4+ 2% +¢°)

ha c — )
b 2\/{E2 + a2\/y2 + b2
b foe)® — (e + 2% +¢7)
bea 24/ 12 —|—b2\/y2 + 2
(foe)? = (a® +2° +3°)
hbca =

22 + 1)2\/y2 +c?

2. Spectator Model

In the spectator model [3] the spectator quark is
given a non-zero momentum having in this work a
Gaussian distribution,represented by a free (but ad-
justable) parameter,A :

P(IJ?) = (1/%2A%)e= /A (4)

The total meson decay rate through a particular mode
is then assumed to be

d’T

P(|P|2)d3pydp;d 5
Irdin (| Ps|*)d°psdpidpy (5)

1—‘total =

equal to the initiating decay rate. We have

d2T 2rMisM,5 [ E;P; d°T
= i P(|P,|?)dP,dP
dM;odM, me / P2 dpedpe (Lol VPP
(6)
Here

M?Z = (Pi+-P,).(Pi4+Py) = m2+m?2+2(E; Es—P; P, cos ;)
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M;fgz(Pk-I—P;)'(Pk-i—P;):m%-i-m%—i—

2(EKE7 - PKP; COSs 9197)

The integration range is restricted by | cos 0y;| < 1.We
call this mode of quark and antiquark combination
(colour favoured). It is also possible that the spectator
antiquark combines with the quarkgy,for which we get

’r 2nMyps Mg [ EpP, d°T
dMysdMz M, P2 dPdP,
P(|Ps[*)dPsdP; (7)

We call this process(C-S) (colour suppressed). Sum-
ming, the decay rates of B mesons for process(C-F)
and process(C-S) are:

r _/mcutis /mcmk; 42T
O i S AMiodM,

m s
mints ’VTLZTLk}]

dM;ydM,

B Meutk cuti] d2F
Lo-m = Y AREY P
Mminks mnmnw] s
(8)
where Myinis = (Mg, + Mg, ), Meutis = Mg, q, and so
on.

3. Effective Hamiltonian Spectator Model

The differential decay rates for two boson system
in the spectator quark model for current-current plus
penguin operators in the Effective Hamiltonian is
given by,

80sity7 5
FOC
VM,

2m; /M. 2 42 ! e 32,2
( /xQ ) /0 dy/ dz¢ ffqz)ze s 9)

where ng({;,z) = a1 + aas? + ass?!

The integration region is restricted by the condition
cosf;s < 1,thus

d2]‘—‘Q1)~~~;QG
d(Qsi/Mc)d(qkj/Mc)

CIICsIi sttt if (fae)®<t

o otherwise

eff reff Ceff _ {
1 152 753 -

where

Fuitey = ([(ms +m) /M) = (0, /M)*+

(1/M)\/m2 + (BA2)2x+/(2m;/M.)? +
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eff Ceff if

. : ¢t ests, (Foi())?<1
eff reff reff _ { 1ps 52pe
Cl a<2 a<3 °

otherwise
(11)

where

.fsi(z) = ([(ml + mS)/MC]2 - (qsi/MC)2+

(1/M.)\/m2 + (BAz)2x/(2m; /M.)? +x2)/(ﬁA:vz/MC)

Therefore using Eq.(6-11) the phase space parame-
ters will be defined by,

Clegsf = 63524 .fab (1 — abc) C;;{sf = 6Iy fbc ( - hbca);

1T = 62y, faphoa-hye (12)

Now, we can integrate over the two mass cuts (two
boson systems), and obtain the hadronic decay rates
as follows,

’

, Meut Myt
Fth,QG _/_ / ,
man man

- /mcut /mcut 8¢sityz 5% \/(2m; /M.)? + a2
= 1oc A

' TM. A x?

dmcutdmcutv

d(Qsi/Mc)d(qkj/Mc)

1
/ dy/ dzC gj 2 ze7ﬁ2z2dmcutdm;ut. (13)
0 ps(q,

4. Decay Rates of Processes C-F plus
C-S (F+S) of Effective Hamiltonian

Now we want to calculate the decay rates of Effec-
tive Hamiltonian (Q1, ..., Qs) for F+S at quark-level
and spectator model. The Effective Hamiltonian for
F+S, is given by

HAJrB

P = Hb*VLkE + Hb*)J;k (14)

eff eff

whereH Cﬁlkﬁs defined by Equations mentioned dur-

ing in the last page, so we can obtain Hg_).” 7% The
decay rates of current-current plus penguin for F+4S
is given by,

d*TELS Jdady = Toc(Tips + Taps + I3ps) (15)
Tips = 6xy. fap-[1((3/2) —

habc) + ag — a3hxahyb]7

Ist = _6$y-,fac-[041hacb + OZShacahyc]v

2) J(BAzz/M,)  Isps = 62y. foe[(01/2) hsea + 02 (haphye — hoea)]. (16)
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5. Numerical Results

We use the standard Particle Data Group [f] pa-
rameterization of the CKM matrix. Following Ali
and Greub [2] we treat internal quark masses in tree-
level loops with the values (GeV)m, = 4.88,m, =
0.2,mqy = 0.01,m, = 0.005,m. = 1.5,m, =
0.0005,m, = 0.1,m,; = 1.777and m,, = m,, =
m,_ = 0.Following G.Buccella [f] we choose the ef-
fective Wilson coefficients C} M for the various ¢ — ¢
transitions.We have used in Spectator Quark Model
the valueA = 0.6GeV[i].For the maximum mass of
the quark-antiquark systems (m.,:)we take a value
midway between the lowest massl~state and the next
most massive meson. The decay rates of ¢ quark for
Effective Hamiltonian and Effective Hamiltonian of
F+S shown in the Table.1. Also the decay rates of
¢ quark for F+4S is given by

(¢ — dud) Dt — (7%, p%w), (xF, p")
BRLES =2.1023 x 1072,
(c — sud) Dt — (zF,p"), (KO, K*F)

BRETS =51.2871 x 1072,
DY = (n,¢), (K", K*)

(¢ — su3)
BRELS =3.8671 x 1072,
6. Conclusion

We used Effective Hamiltonian theory and specta-
tor quark model for ¢ quark and calculated hadronic
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decays of D mesons. In this model we added de-
cays of channel hadronic decays of D mesons. For
colour favoured and suppressed we consider the chan-
nel ¢ — dud (e.g. D — 7%7%)and achieved theo-
retical values very close to experimental ones. Finally
it has been shown the case, in which the theoretical
values are better than the amplitude of all the decay
rates have been calculated. In table 1 (below) it must
be noted that columns 2 and 4 have to be multiplied
by 10~'%and columns 3 and 5 should be multiplied by
1073

Process | 'rg |BRem|T5h1° | BRESS
c — dud|31.689| 32.12 |35.611| 31.262
¢ — dus|1.0785| 1.093 |1.4608| 1.2824
¢ — sud|409.44|414.95 |554.45| 486.74
¢ — su5|23.836(24.15726.927| 23.638
Table 1: Decay rates(I")and Branching Ratio (BR) of

Effective Hamiltonian (EH) and F+S of effective
hamiltonian of ¢ quark.
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