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ABSTRACT

We have analysed a potential model for quark-amtiusystem developed by obtaining analytic solutidn
Schrodinger equation with linear plus coulombiceputal. With the wave function obtained we havelistli Isgur-
Wise function for heavy light mesons and compared msult with recent theoretical and experimental
expectations.
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INTRODUCTION

Considerable progress has been observed in reesmtip the description of hadronic systems andr thveiak
decays. Weak decay of hadrons is an important soafcinformation on the standard model of electemkv
interactions, the nature of weak currents and riatestructure of hadrons. For systems with onlithkg composite

quarks (u , d or s) , chiral perturbation theorjoisnd to be gective in explaining the hadronic system. For heavy
light systems (like meson with one heavy quarkdgpess has also been there in phenomenologicdl[fthn

Understanding physics of hadrons containing onenheaark is useful in the determination of physigabntities
like elements of CKM matrix [2]. HQET [3] shows tHar semi-leptonic decays in the infinite quarksadimit, the
spins of heavy and light degrees of freedom deesuphd all the form factors can be expressed instef a single
universal function - called the Isgur-Wise Funct{dVF) [4].

In the low energy regime, QCD is non-perturbatiire.this infrared energy region, approaches like Q§Dn

rules[5], lattice QCD [6] areffective to solve QCD. Another useful tool in QCDtinis low energy regime is the
construction of phenomenological models by emplgybasic properties of QCD, which in turn is usegtedict
the properties of hadrons like its mass, its foactdrs , its decay constant etc. In this connecportential models
involving potential between heavy and light quanks been very successful in the study of hadroctisEeopy. To
construct a potential model, the choice of reaskenalotential is very important. In this conteihear plus
coulombicpotential (Cornell potential)[7] has been very plap and useful in such phenomenological study. Bue
lack of generally accepted exact solution for thar equation of motion withinear plus coulombi@otential, the
wave function for heavy-light mesons have beenutated earlier with such potential by applying duam
mechanical perturbation theory [8-12]. But themréhalways remains some margin of uncertainty.r@rcontrary,
exact wave function calculation by solving Schrg@in equation withinear plus coulombigpotential is more
preferable as far as accuracy is concerned.

In this paper, we work with an exact analytic solutof Schrodinger equation for mesons with linearoulombic
potential reported earlier [13]. With the analyti@ve function, we calculate Isgur-Wise function f@avy-light
mesons and its derivatives like slope (charge yadid curvature (convexity parameter). We then ammpur result
5
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with other theoretical and experimental expectatidr2, 24-31].

After this introduction in section 1, section 2 ddlses the brief formalism. Section 3 contains gklttons and
results and final discussion is mentioned in sedio

2  Formalism:

2.1 Potential Model:

As stated in section 1, for the construction ofeptial model, choice of potential is of utmost impoce. The
generally accepted potential for describing a quaariquark system is havininear + coulombicform , better
known as Cornell potential [7]:

Y

V(r) =—Cp—+br+e (1)
.?-1
Heres is the QCD coupling consatnt a@d is the colour factor in QCD algebra [14] given:by
g NZ -1 -
i - gf (2)

Ne is the colour quantum number; for No = 3, we have Cp = 51

There are other potentials also like Richardsoeml [15] , but the best suited potential @® system is believed
to be the Cornell potential. Getting exact analgtitution of Schrodinger equation for suckp® system with this
Linear + coulombicpotential is a hard nut to crack; and quantum raeidal perturbation techniques ( Dalgarno’s
method of perturbation [16], variationally inspir@erturbation theory[17]) are commonly employedetdract
meson wave function by solving Schrodinger equatith such a potential.

In this paper we work withinear + coulombicpotential to study the Isgur-Wise function of hgdéght mesons by
considering some previously developed analytictgmiuwf Schrodinger equation [13] by consideringgiest form
of linear + coulombicpotential as:

V(r)=—=+br (3)
:

_ 4das —

Comparing (3) with Cornell potential of equation),(tve find 3 and scale factar= 0. Given this
potential, we construct the analytic form of growtate (| = 0) wave function of meson following referenc8]f1

V(r) = Nexp|—ar®? — jr] (4)
with :
9
a= é\/Qlu.a. (5)
3= ub (6)

Here,N is the normalisation constant apds the reduced mass of the meson consisting afaskcand antiquark
and is given by :

MgMMo o
p=—=""0_ (7)
Mg + 1Mo

Scholars Research Library



Sabyasachi Roy Arch. Phy. Res,, 2014, 5 (4):5-9

It is to be mentioned that, in the infinite heawadk mass limit (THQ — 80

)
MgTMQ

p= lim ———=~m, (8)
Mg —+00 My == mg

Considering relativisticfect [18] on the wave function, the total relatiisvave function is given by:

U,.(r) = .-"\-"crp[—arrgfg — ,.-31"](:)_E (9)
ap
Here,
= de—1—4/1—(222p (10)
ap = T and € = 5 10
2.2 Isgur-Wise Function

In case of semi-leptonic decay of hadrons ( megon# the infinite mass limit, a new symmetry eallspin-

flavored symmetry, will emerge and the Heavy Quaf&ctive Theory ( HQET ) will be suitable. In thisstry, the
strong interactions of the heavy quarks are indépen of its spin and mass[19] and all the form dectare
completely determined, at all momentum transferderms of only one elastic form factor functiohne tuniversal

Isgur-Wise functior{v, \/). 4v, \/) depends only upon the four velocitiesandv,’ of heavy particle before arafter

decay. Thigv, \/) is normalized at zero recoil [20]. If yw .v,", then, for zero reco1) = 1. In explicit form IW
function can be expressed as :

Ey)=1-py—-1)+Cly—1)7+.... (11)
p? is the slope parameter and is given by -

5 0&(y)

= 12
P 5y ly=1 (12)
p 18 known as the charge radius.
C 1s the convexity parameter given by -
i
C = %b_ (13)

The calculation of this IWF is non-perturbativegrinciple and is performed for f#irent phenomenological wave
functions for mesons [21]. This function dependsruphe meson wave function and some kinematic faei®
given below :

E(y) = [ Anr? | U(r) |2 cos(pr)dr (14)
J0
where cos(pr) =1 — % + % +- - with p? = 2u%(y — 1). Taking cos(pr) up to O(r!) we

get,

2%

W) = [ amr w00 - 1 + gt [ ) P - 1%15)
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FEquations (11) and (15) give us :

P2 = [Amp? / .-r'1|lI’(-r)‘gdr] (16)
Ja
9 oo = .
= [%TF;_I"'L / O\ W (r)|?dr]  and C17)
: 15
/ 42| (r)|2dr = 1 (18)
Ja

From equation (18) we can obtain the normalization constants N for the wave-function.
RESULTS

With the wave function given by equation (18), wavé explored theg(y) and its derivatives for B and D sector
mesons. We have takérr 0.183GeV? from charmonium spectroscopy [22] and 0.22 [23]. The results for slope

and curvature of gerent mesons are shown in table 1. The resulfsarfdC in diferent models and collaborations
are referred in table 2.

Table 1: Result of N, / and C with we(r) .

|mesorlsN |,o2 | C |

D 0.20740.551.073¢
B ]0.225(0.626§0.1104
bs  [0.24500.732p.139(
B:. 10.27240.8900.282]
B. 0.346%91.298B.6323
Table 2: Results of slope and curvature of £(y) m different models and collaboration:
Model / collaboration | Value of slope | Value of curvature
Rel [12] 0.7036 0.0008
Le Youanc et al [24] = 0.75 > 047
Skryme Model [25] 1.3 0.85
Neubert [26] 0.82 0.09
UK QCD Collab. [27] 0.83
CLEO [28] 167
BELLE [29] 1.35
HFAG [30] 1.17 40.05
Huang [31] 1.35 £0.12

The variation of IWF with y for gierent mesons are shown in figure-1. Graphs corifiefact that boundary

condition for zero recoil{1) = 1) is maintained all through.

We have calculated the slope and curvature of Blarsdctor mesons using the analytic wave functiomesons of
ref [13]. We find that our results are improvedrthihat of ref[12]. However, when compared with rgaesults of
Heavy Flavour Averaging Group ( HFAG, ref[30] ),raasults foD, B, D, Bs mesons fall short of the expectation.
However, the value of slope parameterBgrmeson tallies close to the result of HFAG. Thidig to the fact that
mass ofB. meson is much higher compared to other B and Bbs@tesons. Our analysis of IWF reveals that the
zero recoil condition is maintained.

While analysing the limitation of the present folizia, we take a note of the fact that while extragtanalytical
form of the wave function in ref [13] withinear+coulombic potential, some additional counter terms are
incorporated in the potential function while fixitige values o andg. This in turn may have sacrificed the purity
of the nature of oulinear + coulombicpotential to some extent. However, due to absef@xact analytic wave
function for mesons with Cornell potential, our @whas been limited to ref [13].Further improveinaithe result
with exact wave function for pure Cornell potentg@alinder consideration.
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Figure 1: Vanation of IWF with y
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