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  "re compute  the Isgur-Wise function Ltsing  #he heavy  quark  effective  theory  formu]ated

on  the  lattice, 
'l'he

 kinetic energy  term  of  the henv･y quark  is includccl to thc action  as  wcll

as  the terms renia{ning  in the infinite mnss  limit. The classical  vc}locil.y  of  the heavy quark

is renormalized  en  the lattice ancl we  detcrmine the renormalized  velocity  non-pertLtrbatively

using  the energy-Tnomentum  dispersion relat.ion.  The  slope  of  the  Isgur- VVise function at  zero

recoi]  is obtainecl  at  i3 
==6.0 on  a  24a× 48 lattlco ancl  the  size  of  O(11m.Q)-correction is estiniated.

g l. gntrcdianction

   In the determination of  the CKM  (Cabibbe, Kobayashi-Maskawa)  matrix  element

1 Ub[ from  t/he experiment  of  the exclusive  decay B-.D(")ly- the heavy  quark  symme-

try plays an  essential  role,  because the universal  form  factor cS(v-v'), Eso callecl the

Isgur-"iise function, is normalized  to be one  at  zero  recoil  in the infinite heavy quark
mass  limit. However  the differential decay width  for this process disappears at  the

zero  recoil  point, so  that one  needs  to extrapolate  the experimental  data to this point.

The  lattice computatien  of  the slope  4(1) enables  this extrapolation  in a  modei

independent way.  On  the lattice Bernard, Shen  and  Sonii> and  the UKQCD  Collabora-
tion2} have  computed  the Isgur-Wise function using  the propagating  quarks  (M[ilson
fermion and  clover  fermion respectively)  for the he.avy quark.  Since the heavy quark
mass  should  be below  the lattice cutoff  in t]nis framework,  present simulations  are

performed  around  the charm  quark  mass.  An  alternative  way  oftreating  the heavy

quark  is to use  the heavy quark  effective  theory (HQET) on  t/he lattice. Mandula  and

0gilvie formulated the Lattice HQET  for the case  of  infinite heaxiy quark  mass  limit

and  applied  it to a  calculation  of  the  Isgur-va･iise function.3) Their result, however,

suffers  from  much  noise  so  that the extracti()n  of  the ground  state  seems  to be diMcult,

This  fact is well  known  in the calculation  of  the heavy-Iight decay  const.ant  using  the

static  approximation  where  one  is forced to use  some  methocl  to enhance  the signal  of

the ground  state4)  or  to introduce O(11mQ) terms in order  to decrease the statistical
noise.5)

   Our calculation  is based on  the lattice g'IQU;T keeping a part  of  the O(lfmo)

correction  terrns, 
'l"he

 inclusion of  the kinel]ic term  of  the heavy  quark  reduces,  the

statistical  noise  sittnificantty  and  enables  to extract  the ground  state  reliably.  We

calculate  the Isgur-Wise function for three values  of  the heavy  quark  mass  and  discuss

 
*)

 Spcaker.
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O(1.lm,)effect on  it.

S 2. XQEW  oN  tine gnttgce

   
"E'-he

 action  of  the lattice eiQEII" including O(11mQ) corrections  is

     Sh !"'\h-(  n)[-  iv"I)-2,1i, (D2 +So,tyF"y)lh( n)  , (1)

where  v,,=(ivO,  av) is a  four-velocit.y o'f the moving  heavy  quark.  ". is a iattice

covariant  derivative and  .l7i!v is a chromo-magnetic  (elec'tric) field, This action  is a

generalization of  the non-relativistic  latttice QCD  (NRQCD) for finite velocities.  The

first term  corresponds  to the  infinite rnass  rimit action  used  by･ Mandula  and  Ogilvie

and  the second  two  terms  de.scribe the O(11ntQ) corrections,  The  heavy  quark  field

Q(n) is expressed  by h(n) as

     Q(n)=eiMQV""[i 2nlzQpt..]h(n), (2)

where  Di"=D"+v,t(veD).  For simpljcity  we  neglect  the spin  dependent interaction

term  (11me)o#pay frorn the action  and  the O(1/mo) correction  term  frem  the field

redefinition.  It should  be noted  that  the O(llmQ) corrections  are  not  included com-
pletely with  this approximation･,  but the kinetic term  cl'escribes the motion  of  the

heavy  quark  inside the rnesen  and  gives a major  O(11me) effect.

   The  heavy  quark  propagator  is obtained  by solving  the evolution  equation

     G(nt  2))-=- Ch'(n)(1--li-ff)nG(n, O) i--(source term)  (3)

and

     ff-  .lo (- ivsn-  2;l}, ((3,el2 (gyoz) )2+ .ep2)),  (4)

Nsihere  we  used  the equation  of  motion  in the infinite mass  lirnit

     (vOnD4-iv[pt)h(n)=O (5)

to remove  the D42 term  from the evolution  equation.  The cost  for the computation  of

this deterministic equation  is rnuch  less than  one  of  obtaining  the propagator  for the
Wilsen  fermion using  some  i'terative solver.

   The  pararrieter n  is introduced to stabilize  the unphysical  high frequency modes.

Considering the evolution  equation  for the free field, the stability  condition  to assure

the convergence  of  the equation  is

      1---1.-ffb(k) <1,  (for any  k) (6)

where

ffb(k)"-` 
-,1'b

 (v di th-'F 2Il,, (kA2-('i'/,-n'o k")2)), (7)

ki=L'sinki and  ki--2sin(kt/2). Similar condition  is required  in NRQCD,6)  but in
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the present  case  it depends  on  the  heavy  quark  velocity  a$  well  as  mQ  and  n. Because

of  the presence  of  term  (11vO)ve fe high frequency modes  of  residual  momentum  do not

converge  with  time  evolution  for a  large value  of  ve}ocity  unless  n  is taken  to  be

suficiently  large. On  the  other  hand  the O(a) effect  becomes  larger for Iarger n, then
much  rarge n  is not  preferable. Fixing n  for a  value  of  mQ,  magnitude  of  velocities

are  restricted  below a certain  value.  For our  simulation  pararneters  mentioned  later,
Zi vil is restricted  to be smaller  than e.25.

   Multiplying the projection  operator  to G(n), the heavy  quark  propagator  in 4-

spinor  representation  is obtained  as

                 1Tiof

     SQ(n) 
=:G(n)(El)

 2 
･

   The  Isgur-Wise function is extracted  from  the three point correlation  function

     <elB(v') 
'va(v',

 v)B(v)"'  O>, (8)

where  Iil(v', v) is a temporal component  of  the vector  current  hv･ 74hv and  B(v) is a

local interporating field for an  initial or  a  final meson  state  q-7shv  for which  we  take

the same  mass  forboth  initial and  final mesons,  The  three point correlatien  function

is related  to the Isgur-Wise function e(v de vr) as

Cv--v'(tfi ts, ti)-2Z<o  B(vr) vl(v', v)B(v)'Io>
  ns nf

                =T-  ::<Tr[Sg(nf, tDt Sh.･(nf, ns)  7'4 Shv(ns, L/'i)]>
                  

ns ltf

                oc  maBc?(vev')(v+v')oe'E･'(t･'-tS)-Ei(tS-ii)  
,
 (for ts>t.>ti) (9)

where  the component  proportional  to (v-v')o is neglected  since  its form  factor is
O(AQcD!mQ) and  (vLvt)e is sinall  itself in our  velocity  region.  Taking  the following

ratio  of  the  three-point functions the exponential  factor and  the renormalization

factor for the vector  current  cancel  and  we  obtain

     Rv･v'(tf･ ts･ tz)='SY.';;I(,lill 
'Lt(,-i'

 }ts')'t".'e'/?'J'.:'S' l'i-l'IS.'i li3-
                        (Vo+v6)2
                

-･
 e(v-v')12 4v,.6--. (lo)

"ie use  this relation  for the calculation  of  the Isgur-Wise function,

g3. sgiTeullatiove

   We  used  120 configurations  of  243× 48 lattice at  B:'=-L6,O in the quenched  approxi-

mation.  Each configuration  is separated  by 2,OOO pseude-heat  bath sweeps  after

20,OOO sweeps  for thermalization.  For the lig.ht quarks  we  used  the Wi.rson fermion
with  hopping parameters  0.153 and  O.155, The boundary condition  /for the light quark
propagator  is periodic  and  Diriclet for spatial  and  temporal  direction respectively,



Publication Office, Progress of Theoretical Physics

NII-Electronic Library Service

PublicationOffice,Progressof  TheoreticalPhysics

142 S. Ifushimaoto and  ,IgL  ueatszofbunt

The  critical  hopping  parameter  and  the inverse  ;'attice spacing  deterrnined from  light

rho  mass  are  rcc==-=-O.156986(50) afid  a-i=2.341(91)GeV.  Gencration of  gauge

config.urations  and  matrix  jnversions t.o obtai/n  the light quark  propagators  are

performed  en  Intel 1'ar･ agen  X?/S  (56 nodes).
   Heavy  quark  rnasses  and  stabiliza'L'ion parameters  we  used  are

     ('iZ,Q)=( 1:i),
 (225), 1,(

510) ,

w･here  mQ=1.8  nearly  corrttsponds  to thc  bottom  quark  rnass.  As  mentioned  above,

heavy  quark  velocities  should  satisfy･  the sLability･  condiL'ion  (6) which  leads :i viL
.L'.;O.25  fer our  se'[s of  ppze und  n.  

'1"his

 eorresponds  tc) t'hc rcg. io- 1Kvov'f--1.12.

   The  rnean-field  improvement7) i.s apL)lied  when  Nxre cornput'e  the heavy quark

evolution  equation.  Link variables  are  nitered  as  ci.v'pt(n)-Ui,(n)/zao  where  
'uo

:=･<(1,/3)  Up]aq.>i"`. Upiaq is the product  ef  link variables  along  plaquette, We  used  the

value  uo=e.8776  measured  on  our  configurations.

   Before we  proceed  to the calculation  oi' the Isgur-Wise funct'ion we  mention  aboutt

the determination of  masses  and  velocities  of/. the heavy-light mesons.  For  this

purpose  we  use  the dispersion relation  i'or the heavy-light' meson

     e-<E  
Ue
 
}-EOVO)

 
L1

 ==:  
L
 
vlie

 (vR" kfu + 27Yn'p (2i'2 
-(

 
vVRfio"k"

 )2)], (11)

vLrhere  Eo is the binding energy  and  mp  is the. heavy-gight meson  mass.  The  velocity

of  the moving  heavy-light meson  vft could  differ from  the o=e  of  the bare heavy  quark

v for the lattice llQE'I' because of  the violation  of  the space-time  e(4) symmetry.S}'9)
"re extract  the 

;rcnorrnalized'
 vel[ocit.y  vR  using  the relat,ion

      
e'EE:'L):'/E.E?IL'2.te...
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b'ig. 2. Thc  ls.ffiir-X･Vise function g(vR'vP) at mQ
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Masses can  be obtained  similarly  using  the relation

     
e-Ef-k?-'EE??.±

i 
e-E(Tk}'E(O)

 =i-  2mi.vk--, (kA2-(-v-V/t, -thA)Z)  (i3)

The  obtained  results  for vR!v  and  mp  are  almost  independent on  the velocity  as  shown

in Fig. 1 about  vrelv.

   In the calculation  oi  the three point function we  set t,,---･8 and  ts==20 where  it

seems  to reach  the ground  state  of  initial meson  moving  with  velocity  v. Beyond ts
e24  asymptotic  signal  is observed.  For each  v  and  v'  we  fit' Rv,vrs at  tf=7-24-27 as

the  value  of  form  factor at  v.v'.  For mQ:=5,O,  signals  are  neisy  so  that  we  cannot

observe  clear  plateau. Nevertheless we  tr'eat them  in the same  manner  as  mQ=:1.8

and  2,5 with  ly=24-25.
   In Fig. 2 we  show  the form  factor 4(vi?-vh) for mQ=1.8  at  re,-,=O.l53. Error bars

in the  horizontal direction are  coming  from  the statistical  uncertainty  in the determi-

nation  of  the renormalized  velocity.

   In our  ve  v' region  the form  factors have  almost  linear behavier where  we  extract

the slope  of  6(vR o vk)  at  vR  e vk=1,  which  is usually  denoted as  p2, from  a fit of  our  data
to the form

     8(vff4vk)=1-p2(vR･vk-1). (14)
                                     2.0 r--pm'rTT',Tipm-r'

p2 for each  mQ  and  K  are  given  in 
'I"able

I with the values  extrapolated  to the
                                     l.5
critical  hopping  parameter  for the light

quark, mQ==i'1.8  roughly  corresponds  to

the B  meson  mass  and  the data should  be

compared  with  the experimental  data

obtained  by CLEe  II.]O)

  p2==1.11i.･ O.28 this work,  (15)

    ==O.84 ± O.15 CLEO  II. (16)

rvfug.

 i.o.-.L'

O.5

o.o

    T
-
    i

- -i"J

t

Our data is slightly  larger than that  of

CLEO,  but sti]1 consistent  considering

the large statistical  uncertainty.

   o.o o.1 o.2 es  o.4 o.s o.6

               .lfMe

Fig. :l. Extrapolation of  tf to the vanishing  lhnQ

  limit

Table  I. Results o'f p2i,.-e'(])  for each  nzQ  and  rc. Thsu'y

  were  obtained  by  fitting simulation  data with  the  fonn

  e(vR･vk)=l-p2(vR.vA-1). Results at  mQ=er]  are

  obtained  from extrapolation  in 1/maQ and  the values  at  the

  critical  hopping  parameter  (icc ,=  O.] 56986(50))  are  obtained

  by Iinear extrapolation  in 11rc.tmtTttt.rmMQ

ttt
rc l.8 2.5 s.e cx)

O.153O.155rcc111.20(15).l5(21).11(28)11o.os(r,s).02(26).97(35)
'ooo
.96(37).94(58).93(80)ooo.79<40).76<61).74(88)

'
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   In order  to see  the O(lfmQ) effect  we  extrapolate  our  p2 to the vanishing

limit as  shown  in Fig. 3. p2 becomes sinaller  when  we  approach  the infinite

limit. We  need,  however, i'nore  statistics  to quantify  the size  of  the O(1/mo)
and  to extrapolatc  eur  data to the charm  quark  rnass.

11mQmasseffect

g ri.･. CokacUansgowa

   We  calculated  the Isgur-"iisc ttunction  near  the zero  recoil  point using  E{QEI['

including the kinctic tei'm of  ihe heavy quark. OCI lmQ) effect  is partially included in
this approxirnation,  

ivEie
 obtainecl,  rather  clear  signals  compared  with  the infinite

rnass  limit. The  obtained  value  
'for

 the  slope  parameter  p2 is consistent  with  the

experimental  value,  but the statistical  error  is still large. A  Iarge amount  of this

statisticnl  error  is due to the large statistical  uncertaint'y  ivrthe determination of  the

renormalized  classical  velocity.  It ls es'senti'ai  for reducing  the statistical  error  to

improve  the sigiial for Iinite momenta  using  the s/mearing  technique 
'for

 example.

   it is knportant to include. the O(1/mQ) terms  completely  and  to quantify the size

of  vielations  of  the heavy  quurk  symn'ie'L'r>･, in several  semi-leptonic  form  factors.

Th.e lattice }IQET  is also  applicable  for studies  of  heavy  to light semi-leptonic  decays

(B. ply, etc.>  which  can  be used  for extraction  of  

'VLb
 frem  the exclusive  decay  width

in a  model  independent way.
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