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Abstract: Study of the charmed meson decays is mentioned in the articles [1, 2]. These researches
help to improve the results of light mesons decays. In this paper, applying the factorization method,
we try to estimate the branching ratios of charmed meson decays, namely D(*;) - atn(> utu). This
can be an effective method for computing the decay rates of new channels.
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1. Introduction

Quantum Chromodynamics (QCD) is the theory of strong interaction we do not understand well at
low energy. For the new channels, we would liketo look for the suitable approximation method to
estimate the decay rates and cross-sections. One of those methods we would like to mention in the
article is factorization.

Factorization in the case of semi — leptonic decays with short and long distance QCD are
researched in some articles [3], not mentioned in our article. And the case of non — leptonic D-decays
in which the final state consists exclusively out of hadrons is a completely different story. Here even
the matrix elements entering the simplest decays, the two body decays like D - w*n, Dt - K+
cannot be calculated in QCD reliably at present. For this reason approximative schemes for these
decays can be found in the literature. One of such schemes, the factorization scheme for matrix
elements has been popular for some time among experimentalists and phenomenologists.

Factorization is the effective approximation to estimate the amplitude of pseudo-scalar decays. The
law of factorization is reducing the hadronic matrix elements of four-quark operators to products of
current matrix elements.

In this article, we would like to give some brief introduction to Operator Production Expansion
and Factorization, and Section 3 gives some applications to deduce the decay rates and applying this
method to the new channels in the future.
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2. Operator Product Expansion (OPE) and Factorization
2.1. Operator Product Expansion

We introduce briefly to OPE.

The basic idea of OPE [3]: the product of two charged current operators is expanded into a series
of local operators, whose contributions are weighted by effective coupling constants, the Wilson
coefficient.

Due to the asymptotic freedom of QCD, the short distance QCD corrections to weak decays, that is
the contribution of hard gluon at energies of the order O(My,) down to hadronic scales O(1 GeV).
Taking one simple example of the ¢ — sud transition,

Without QCD effects:
Hg)f} \/E‘/CS ud(saca)V A(uﬁdﬁ)v A (1)
With QCD effects after integrating out the heavy W-boson and top-quark fields,
G
H = Tgnzvud<c1 (WQ: + c2(1)Q3) )

Where
Q1 = (§aCB)V_A (ﬁﬁda)V_A
Q; = (§aca)V—A(ﬁﬁdﬁ)V_A
The essential features of this Hamiltonian are:

- Beside the original Q,, there has a new operator@, with the same flavor form but different colour
structure is generated. They contain the product of the colour charge aﬁ,T“ following colour
algebra:

1
BTa = — 5 0apbyp + 5504)51'3

2N
- The first term in the r.h.s is a correction to the coefficient of the operator Q, and the second term
in the r.h.s is the value to the new operator Q;.

c1, ¢, coupling constant for the interaction term Q,, Q, become calculable non-trivial function of
ag, My, and the renormalization scale u.

The purpose is calculation c,, ¢, in the ordinary perturbation theory. ¢, c, can be determined by
the requirement that the amplitude Ag,;; in the full theory be reproduced by the corresponding
amplitude in the effective theory:

G
A = Agsy = Tgn;vud (c1(i) < Q1 > +¢,(1) < Qp >) 3)

This method is called “the matching of the full theory onto the effective theory”.
The matching procedure gives the values:

as . ME 3a, M3
c1 () =—351n#—2:02(ﬂ)= +——nln#—2 4)

where My is the mass of W boson.
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When considering from M,y down to the scale p, we have to sum the large logarithms to all order
of perturbation theory[3]. We can write the combination c;(u) = ¢q(u) + c;(u) of the Wilson
coefficients under change of the renormalization scale. They can be obtained from the solution of the
RGE [4, 5],

(u% ~Ty) ex() = 0 ©)

with the initial condition ¢4 (my,) = 1, and then ¢; (my,) = 1, ¢o(my,) = 0.

At one-loop order, they are given by I'y =y, Z—;:h =6 (il — Ni)where N¢ =3 is the number of
- - - c
the colors. To leading logarithmic order (LO), the solution of the RGE is
/2Bo
as(mw))’“—f 11 2
— . — N~ ——

Where B, is the first coefficient of the B function, and n¢ is the number of active flavors (in the
region between my, and ).

2.2. Factorization

By factorizing the matrix elements of the four quark operators contained in the effective
Hamiltonian, there are three classes of decays [6].

Class (I): Only a charged meson can be generated directly from a color — singlet current, for
typical example: D — ¢ (Figure 1)

D{

Figure 1. Typical diagram of D} — m*1(") for Class |

For these processes, the relevant QCD coefficient is given by the combination:

ay = ¢;(up) +éc,(uy)  (Class )
Where ¢ = 1/NC(NC being the number of quark colors), and uy = O(m,;) is the scale at which
factorization is assumed to be relevant.

Class (I1): consists of those decays where the meson generated directly from the current is neutral
like the particle in the decay as Figure 2
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Figure 3. Typical diagram of D — K™ for Class IIl.
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The decay amplitude
Gr o
Afact = 75 Au|0)(n|V,| D) (6)
Where QCD coefficient: a, = c,(us) +éc1(py)  (Class ID)
Class (111): The decays which the final state contains a charged meson and a neutral meson, which
means a;, a, amplitude interfere, such as D* — K°r™* (Figure 3)

The corresponding amplitudes involve a combination a; + xa, (Class I11) where x=1 in the formal
limit of a flavor symmetry for the final-state mesons.

VuchsU?O*

3. Applications for the D meson decays into (‘) meson

From PDG [7], we have an equation as below:
1 = cosOpng — sinBp1n
{r)’ = sin 6p ng + cos Opny
where SU(3)-octet and —singlet states are:
1

ﬁ), we obtain:

Using this condition [8, 9] 8s=ap+6, — /2 in which: §; = tan~1 (715) sap = sin~! (

3.1. Calculation of the branching ratio D — m*n®
From Figure 1, we calculate the amplitude (see Appendix)

2
AQ¢ >ty = =T
2 ' +\(+ 2 2
= ﬁ%(ﬂ |V | D W |Au|0)~ﬁalfﬂ (mD

—m2 ) B (0) @)

1 1 1 +o
=57 = D) A0~ Fanfimo? ~ DR © @

i ion £ () = P i
Making the assumption F, (0) = F,* 77(0), we obtain

2
2
(mDZ—mn,)

(mp2-m3)°

A(DS » mrn)

BR(D - wtn') =2 BR(D} - mtn) (9)

We have a numerical calculation: BR(D} - n™n") = 2.31%. Compare with the experiment value
from PDG [7], BRey, (DS — m*n") = (3.94 £ 0.25)%, it can be an acceptable approximation.

3.2. Calculation of the branching ratio D° - K%n

Using the factorization method, the amplitude of decay (Figure 2) is obtained as the same way as
A(D§ > m'n’)

_ 1 1 1 _
A(D® - Kon) = ——=VisVyaCs = ——=Cs = ——=a(K**|4,|0)n|V,| D)~
\/15 V3 V3
O—)
= ——ayfx(m2o —m2)E, ~"(0) (10)

P
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Similarly, the amplitude of D® — K%*r° decay
_ 1
AD® = ROm) = s fie(mo m2)FP°2™(0) (1)

Now we get the ratio between two channels D° - K%n, D° - K%n°

_ _ o_, 2
BR(D® - K%1) _ t(DOIAD® - Ko 2 (mdo—m2)E, ~"(0) a2
BR(D® - K%*1t%) ~ 7(D9)|A(D® —» K%*%)|2 3 (m2o — m2,)FP"™(0)

Using the assumption E2°~"(0) = FP°="°(0) = FP°~" (0) = 01'7152
cd

BR(D® - K°*(892)(- Ks°n®)n®) = (78+0.7) x 1073, we obtain BR(D° - K°*(892)(—
Ks°n®)n) = 44 x 1073, Comparing with the experimental value [7], BR(D° - K°*(892)(—
Ksono)n) = (1.6 £ 0.5) x 1073, this is a relevant approximation to predict the decay rate of this
channel.

, and the value from PDG,

3.3. Calculation of the branching ratio BR(D* - mt*n)
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Figure 4. Typical diagram of D — %/ D™ — n ™ for Class.
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First at all, using the factorization, as same as A(DS — n*n’), we calculate the amplitude of
DT - ™ in Figure 4

ADD* »m*n) =A,(DT »ntn) + A,(D* > ) + A (DY - mhn)
1 1 1
= 5 Vesbis + (= ) VeaVuaC + (= 75) VeaVha

V3
~Lacy (— i) (—)C + (— i) (C)T = A€ + a7 (13)
3 3 3 NERNE
Where Vs = 1;Vyg = L, Vs = 4, Vg = — 4
C = ay(n|A,|0Xm*|v,|D*) (14)
T = ay(m*|A,|0)Xn|V,|D*) (15)

Typical calculation for C and T in Eqg. (*), we have:
C = ayif Ppu(Pp+ + P HFE ™™™ (0) = ayif (mp —m2. )FY ™™ (0)(16)
5 . 5
T = ayifppr,(Pp+ +0y) By 7(0) = ayif (m3e —m2)F ~"(0)(17)
We obtain the branching ratio of D* - ¥
BR(D* > m r))~T(D+)|A(D+ > mt)l?
- T(D+)— |2azlf(mD+ —m2.)FPT (0)
+ allf(mD+ - mn)FOD _"’(0)| (18)
From the Figure 4, we compute the branching ratio of D* - +n°
BR(D* -« T[O)~‘L'(D+)|A(D+ - rtr9)|?
= T(D+)— |azif (m2+ —m2)FP™=™ (0)
+ayif (m3. — mno)F(,D+_’”O(O)| (19)
Taking the ratio between the branching ratio of D* - t*nand D* - ¥ n?,

BR(D* »n*n)  ©(D*)|A(D* —» n*n)|?
BR(D* - n*tn®)  t(DM)|ADY - nt1r0)|?

2 2
2 aaif(m3s —m2)EP™ ©) + ayif (m3. —m2)E2"(0)

= A_Z . - . - :
7|azlf(m12)+ - m?ﬁ)FoD‘f n—+(0) + allf(mlz)J, — miO)FoD+ n0(0)|
2
2 [2 % + x;
1
“3\ @ (20)
a_l + Xz
Where x; = (m=mi )Fo R0 e (m 1§+-m20)FD+_>n°(0)
1= (mf)+_m71.'+)F0D+—>T[+(O) 4 2 (mg+_mn+)F0D+_,n.+(0)

Given values as [3, 5]: ay/a;=-0.445, BR(D" - n*tn®) = 1.19 x 1073, we have:
BR(D* - m*n) = 0.313 x 1073 vs BR,,,(D* - m*n) = (3.53 + 0.21) x 1073,

In three above applications of D mesons, we end this section with one remark: Factorization of
hadronic matrix elements of four-quark operators into two matrix elements of color-singlet currents
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implies that only those non-perturbative forces that act between quarks and antiquarks are taken into
account. In this case, we have not considered the remaining interaction, in particular, the gluon
exchange between two quarks or two antiquarks. That is the reason why we see a small difference
between the theoretical and experimental result in D*;, D® (Class I, I1) and a larger difference between
the theoretical and experimental result in D* (Class II1).

4. Conclusion

Via factorization, we compute thechannels BR(D* —» n*n) = 0.313 X 1073, BR(D§ —» nn*n’) =
2.31x 1072, BR(D® - K°*(892)(- Ks°n®)n) = 4.4 x 1073, Read-backing with experimental
values [5], the resultscan be acceptable.Also, factorization should be progressed in the gluon
interaction between two quarks or two antiquarks.

Therefore, factorization method can be practical for the new channels in the future to estimate the
decay rate of charmed mesons at low energy QCD and in general at low energy QCD, at some
physical regions we do not understand about their theories.
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Appendix

Definition for the weak decay form factors[3]: It parametrize the hadronic matrix elements of
flavor- changing vector and axial currents between meson states.

For the transition between two pseudoscalar mesons, P1(p) — P, (p’), we define:

2 _ .2 mf—mz

(P@)|V|P.(D)) = ((p + 1), —%%)mq% T (e

Moreover, in order for the poles at g° = 0 to cancel, we must impose the conditions F;(0)= Fy(0).
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