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ffadren-Nllcgeon Seatterimg Le]vegths frceenk QCD  Senma RanSes

Osamu  }t([ORIMATSU

institute for Aigtclear Study, U)2iversiey of Tbbyo, Tkenashi f88; fitPan

  Recent works  of  applying  the  QCD  sum  rure  to  the  calculation  of  hadron-nucleon  scatter-

Ing lengths arc  reported.  After a  brief introduetion to the QCD  sum  rulc,  how  to obtain

scattering  lengths in the QCD  sum  rule  is explained.  Then  it is applieCl  first to the nucleon-

nucleon  and  hyperon-nucleon channels  and  secondly  to the  pien-nucleon  and  kaon-nucleon

channels,

g l.. Eittre(guzetiosu

   Let us  start  by two  exarnples  of  the QCD  sum  rule,  
i')'2}

 which  are  related  with  our

following discussion:

           8rr2
     ua･=-  neb2'<Z-tU>o, (1)

     2m.2fit2=-(m.+md)(<  zaLu>o+<  d-d>o), (2)

where  uak is the Borel mass.  The  former  is derived by Ioffe3) and  shows  that the

condensation  of  quarks  is responsible  for the nucleon  rr]ass. The  latter is the

well-known  Ge]1-Dtdann-0akes-Renner relation,`}  which  was  rederived  in the context  of

the QCD  sum  rule  by Shifman, Vainshtein a.nd  Zukharov.i) Both  of  these are  rela-

tions between observabies  of  hadrons, such  as  masses  and  decay constants,  and

vacuum  expectation  values  of  quark-gluon  operators.

   The QCD  sum  rule  is a  
'nonperturbative

 method  which  provides  us  with  relations

between physical  quantities. However,  it does not  directly solve  the QCD. There-
fore, it cannot  answer  questions  concerning  such  as  confinement  alld/or  spontaneous

chiral  symmetry  breaking.

   The  structure  of  the  QCD  sum  rules,  Eqs. (1.) and  (2), can  be illustrated as  follows:

     0bservables of  1-Hadron  States e1'nforrnation  on  the O-Hadron State ,

         (mass, decay constant)  (vacLium)

We  proposed  in Refs. 5) and  6) to extend  the QCD  sum  rule  by increasing the number

of  hadrons  by one  en  both sides  of  the abov･e  relationz

     0bservables of  2-Hadron  States e=  Information on  the 1-Hadron  State ,

             (S-matrix)

Namely,  the scattering  quantities of  hadrons  are  related  with  the  expectation  values
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ef  quark-gluon  operators  with respect  te the ene-hadron  state.  To  be specific,  we

show  here two  examples  of  new  QCD  sum  rules:5}tS)

     aMv' ='=  £if2 Mv(< d-d>pt3< za'za>p  F<d'd>p),  (3)

     S (afn'N"2 ua a'n=N3"2) J=-  41. .".i
 
"{(

 k' ,. (< zg "u>p-<d  
t'
 d>p), (4)

The  former  shows  that  the nucieon-nucleon  scuttering  length is de'termined by 
'the

quark  clensities in the nucleon.  The  latter is a simiiar  reiation  for the  pion-nucleon

scattering  leng'th, which  repr()dutes  the well-known  Tomozawa-Weinberg  relation,7)'S)

   In thc n ¢ xt  section  we  will  show  how  to ebtain  scattering  lengths in the QCD  sum

rule,

S2. ForyffuenEatEorm

   Let us  constder  the correlation  function,

     ff"(q)== - OfZl4,x'e:q"<ip T(vH([v)rpfl(C))) gb>. (5)

rpii is the interpolating iicld .for the hadron, ff, i,e. a  quark-gluon  cornposite  eperator

which  creates  ,'.S. The  spectra]  function is then defined in terms of  the correlation

ftmction as

     piJ(co, ap) --  i. {.gg"(te 
-/-
 irp, q.t)- s'T, 

"(to-irp,
 op)}. (6)

   The  spect･ral  function contairAs  the information on  the physical  spectrum  ef  the

systeml

     p"(q)  =':'  (2rr)R:I]{S`(q+f}o-P.) <n rpptO)lgb> 
Z
± 84(q ' Po 'i' Pn) <n z?H(O)[gb> 

Z}
 . (7)

               n

gn the physical  region,  q2--mll2, .iif" is nonperturbative  and  diflicult to calculate.

}{[owever, in the deep-Euclid region,  q?'. 
-oo,

 ff" is perturbative  so  that' the operator

product expansion  (OP･ E),

     -ifd`xeiqXT(rp.(,x)v"(e)):=:Ci(q)fV+C,-q(q)q-q+Cc2(q)G"uG""t"'"  (8)

rnakes  sense.  Namely,  in t'he deep-Euclid region  the correiation  function can  be

expressed  in terms  of  the cxpectation  values  of  quark-gluon  operators,

   Then  the deep. -Eucli･d region  is relat･ed  to the physical  region  by the Lehmann

representation  for the cerrelation  function as

     f7"(w, q)-f:do'"'.'(Sl'aJ9).  (g)

to' in the integral/ runs  over  the physical  region  while  w  cap  be taken  to be any  value

in the complex  plane, therefore in the deep-Euclid region.  Thus, by evaluating  the

lefthand side  by  the OI'E and  expressing  the right-hand  side  in terms o.f physical
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quantities of  hadrons with  w  in the deep-Euclid region,  one  obtains  relations  between
observables  of  hadrons  and  the expectation  values  of  quark-gluon operators,  These

relations  are  the QCD  sum  rules.

   As we  have seen,  there  are  two  essential  ideas employed  in orcler  to derive the

QCD  sum  rule, i.e. the OPE  and  the Lehrnann  representation,  These  two  ideas are

valid  independent of  the choice  of  Idi> with  vLrhich  the correlation  function is defined.

In the original  sum  rulesi)'2)  lip> is taken  to be the vacuurn,  In Re'fs. 5) and  6) it was

proposed  to take [ip> to be the one-nucleon  state, IN(p=L'O)>, Then, the reduction

formula telis us  that the correlation  function has second-order'  poles at  a2r- mH2  with

their coefiicients  proportiona] to the T-matrices for the forward  elastic  UIV  and  ffAi

scattermgs:

     T(7ky)(op'op)o[,,1-im.,(q2rmH2)2171"(q). (lo)

Thus,  the spectral  function has the following structure,

     p,," ( [D , g) oc  i"'( to -  vGil?IIJE17i')  7'>wN -  6( av ･- Oii?:Fa' ) a T,fAf

              ± 6'(w+JiJliEIFEq72)czh'N± 6(to+ mu2+q2)67)]N

              +(continuum  part), (11)

where  67'>.m･ and  o"7'hN  are  given by the T-matrix and  its derivative. If there is a

bound state  in the hadron-nucleon channel  the spectral  funetion has another  first-order

pole  term, which  will  be incorporated if it is necessary.  By  substituting  the above

expression  to the r.h.s.  of  Eq. (9) and  evaluating  the U.h.s by the OPE, we  obtain  the

relation  between the T-matrix  and  the matrix  elements  of  quark-gltton operators  with

respect  to the one-nucleon  state,

   Before closing  this section  we  summarize  here  the parameters  used  in the follow-

ing calculations:  the quark  masses  are

     mu==md==7MeV,  ms=::170MeV,

the condensates  of  quark-gluon  operators  are2}

     < tz- za >o =-  < d-d >o =  
-

 (225 MeV)3  
,
 < s-s >o- -  (217 MeV)3  

,

      < evrrS 62), ='  (340 MeV)`  ,

and  the expectation  values  of  quark-gluon  operators  with  the nucleon  are9)iviD

                          
t
 <sts>. ;-  <sts>p --" O,

                                        , < s-s>p=<  s-s>n  
==

 0.77 
,

<u'u>p="<d'd>n;'2,  <u  u>n='i'<d'd>p='Tl,

<z-,u>p:==<dd>n='-3.46, <n'u>n:=<dd>pL'2,96

i< S [ za- rptDvu]>p ="  i< 8 [d7ttDvd]>n =-  222 MeV  
,

i< S  [ dnrptD.d]>p :-7  i< 8  [ za- r"D. za ]>.;95 MeV  
,

i< 8  [ s- 7yDvs]>p  ='=` i< 8  [ sT'7stDvs]>n=  18 MeV  
,
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      <L{iP"GsevG"b),,, =-738MeV,  (t'rr-S'S[GstoG""])., ="-50MeVo

   Having  understood  how  to o'btain  hadron-nucleon seattering  lengths in the QCD
sum  rule,  we  will  discuss its applications  in the follc)wing two  sections.

        g 3. Nemc]eowa-rezaeUeeTu aendi hygeeffowa-veu¢ ieen scateerfimg  fiemgtles

   
FI"he

 interpolating fields of  t'he octct  baryoiis are  taken as2)

     z?p(x) =  e,,h.( za 
Ta(x)

 C;vptub(ar)) ?is ;.fptdC(,:r) 
,

            r

            /2
     ryn(x)=a,/ 3 

e'abc{(uiUCx')(/'7"sb(,x))?rs-y'idC(x)-(dT"(x)C7,sb(x))7s7'tuC(x)}  ,

     ijx/ (,x) ==:  Eabc( za 
Ta(x)

 Cx. zt 
b(x))

 7b･ 7"se(k.) ,

     1?=.o(,z')=-eabc(sT"(,x)C?',usb(x))?ts?'iili"(x). (12)

   The  spectral  functions in the vacuum  and  in the nucleon  are  assumed  to be

saturated  by the nucleon  (hyperoii) poie  terms  as

     p,s(bl)=A2o"(co-va.)A,-A2s(a)  -I･ ff.)Ln ,

     p,.B( to) 
r::-:-

 A2{-- T+s'( tu -  ,lfk)  H- 6>1+6( {v  
-

 ltfis)}A. +  n2{ -  TL 6'( (v +  vak)

            
-'

 on 
'6(w

 
-l'

 ME)1} P-., (13)

where  A is the coupling  strength  efthe  interpolating field to the octet  baryon  and  Rt
=(1 ± re)12. The  continuiim  part is neglected  for simplicity.  a'n the spin-triplet

nucleon-nucleon  channel,  the contribution  of  the deuteron to the spectral  function has
to be taken  into account.  In nonrelativistic  approximation  it amounts  to replacing

the scatteringf  leng,rth as, aiw->  gi' Yy.N-:･a}w 
'1'2ir2M,vB,]ifD(e)l2,

 where  BD  is the binding

energy  and  y`-D(.p) is the relative  wave  function of  the  deuteron in mementurn  space.

   In the nucleon-nucleon  channel  the OPE  for the correlation  function is given up  to

dimension six  as  i'ellow･sz

     th"(q),-- 41.'4 ?f"q't[q`ln( 
-
 q2) i6 +ln(-qZ)7r2(mad< d-d>o+ k < azS G2), ]

            +  i'2 
-:u
 (n'2< za-u>u)2.  +  4l/l4 [q`In(-q2) k md+q21n(-q2)(-  n2<  d-d>,)] ,

     M,P(e)-- 41 4 7" q21n(-q2)n2(L-S, 
-l
 <i-,r"za>NL ± <esrptd>N)

            +q.q'ln(-q2)rr2(L  i <tt7uu>A,m ;, <d"rpd>A,]]

            + 4}･i [a21n(-a2)(-rr2< d'd' >,.)]
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        +  iz, 7,4"[ln(-qZ)n2(m,<  a-d>.+ g (-S;' G2),,]

        + 
-ij1-,-

 
136
 rr`< za-u>o<  u-u>rv]

        +-4-glr, r"qv[ln( 
-
 q2) z2(-liSt i< s [ urm 7,D.ee]>.  +-g-i< s [ d-7,.D.dl>,.)]

        +  41}4 q'i[ln(-q2)rr2{-2md<  za-rptzt>iv+2i<  d-D' ud>N}

        +i,  
'lljtLrr`<

 ti'd>o< u-7gzt>N]  .

By  substituting  Eqs. (13) and  (14) into Eq. (9) and  Borel transforming both si
obtain

      i 4 ApMb`-Mb(BpMk2+Cp)
app  ='-Mp

    
rr
 MB6+ rr2(8md<  dTd>o+(arrS G2), )Mb2+ 

634
 (2r2<tz'u>o)2 

'

--4i-as.+ea3pn=1vava+uaMmAma

           ×
-  .r- Anueb`'Tmab(BnMk2+Cn)

347

(14)

des we

                  Mk6+rr2(8md<d-d>o+(arrsG2), )Mb2+14, (rrz<z-tza>,)2 
'

 
(15)

where  Mk  is the Borel mass,

     AN  ==  rr2<  dd>A, -t- 3n2<u'u>N+ rr2<dtd>Af  
,

     BN  
--
 mdrr2(2<  u  

'
 za >N 

--
 < d-d>N) -2n2i<  d-.I)od>N 

L
 
-li
 n2<f'  G2>.

         
--g-rr2(4i<81u-?,bDou]>N+i<S[dr7oDod]>N),

 
'

     CN ==  
-
 
136--z`(<

 c-ld>o<  za"za>N  +<za-u>o< u-u>.v), (16)

and  8[AptBu]==(A"B.+A.Bpt)12-g,.ABA!4.

   Let us  first concentrate  on  the leading order  results.  The  results  are

     afu  i=  £iTiz MN(< drmd>p+3<u' za >p -F <d'd>p) ==  23.2 fm ,

     -.3 4fl
     aNN  

:=:
 3flf,2 

MN(2<  d-d>n+6<U'u>n+2<d'd>n -<  dTd>ph3<u' za >,-<d'd>.)

        
=5.4

 fm. (17)
Experimental scattering  lengths are  akN(exp)=='23.7  fm and  a3NN(exp)=:=  

--5.4
 fm. We

evaluated  the deuteron pole contribution  by  employing  the Paris potentiali9) and  found
that 2rr2MbiBDIf(O)12=9.4fm. By  adding  this contribution  to a3NAr(exp),  we  obtain

                                                     NII-Electronic  
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ah3NN(texp') ==4.e  fm, The  calculated  scattering  lengths are  surprisingly  close  to these

values.  It is also  interesting that the scalar  and  vector  densities of  quarks in the

nucleon  induce attraction  between  two  nucleons.

   By  taking  into account  higher order  terms  and  determining the Borel mass  by

stability  condition,  we  obtain  aS,iv==[1I.6fm  and  aA'3NAT=2.8fm.  These  values  are  in

qualitative agreement  with  the experimental  ones.  Even though  the leading-order
results  are  closer  to the exper`Lmental  values  than  the full results,  we  do not  take  it

seriously  because of  crude  approximations  used  in the present  calculation.  It should
be also  noted  that akw  is sensitive  to the change  of the interaction strength  since  there

is almost  a  bound  state  in the spin-singlet  nucieon-nucleon  channel.

   In the hyperon-nucleon channels  the leading order  results  are  as  follows:

                    Mn.ts
     a-as;  u,21rrn.m,2 va, t  va, I{l- (2< tz'zt>p+2< dMd>p-< s-s>p)

          t  } (7<tzi za>p+7<d'  d>p+10<s's>p)1=10.9  fm  ,

     a-x'N--3'2= va,,lg4m,2 uei?-ifua" {< s's>p+3<utza>p+<s+s>p}==-g,4 frn ,

     a-xi'rt'F'J2 ==  
']t4E2

 itZ 
m'
 
.2'
 vai'lfltlit/tT (< s-s>p  +' 3" <d'd>p rr : <u' zt >p +<s's>p)  =:  s.o fm  ,

     Oew'=i:= ne?!fl6m,2 ue+4inV:.- {<u-as>p+<u'zt>p+3<sis>p}=:9,Ofm,

     -T=.･o-. 4fi vaman
     aew  

=='?if}2-6'm'

 
,2
 
Lva"

 1. M.  {2<d-d>p""<zU,es>p+2<d'd>p 
rm'<zt'u>p-+-3<s's>,}

         
=6.5

 f'm ,

          8rr uaua.
     a"  

:=

 M.2 ua.+M.'  {< d-d>p+3< Zt 
'

 za>p+<d'd>,}=23.2  fm  ,

              taTanN          4rr
     arrP"=ua,2  M.+M.,, {<d-d>n+3<Zt'Zt>n+<d'd>.}='=rm9.8 fm, (1s)

where  a-B,B,  is the spin-averaged  scattering  length, OBiB2=-(3a3BiB,+a}iR,)14 (a-pn
!i(3aNp3n+a}n)14),  and  the nucleon-nucleen  scattering  lengths are  also  shown  for

companson.

   From  the above  resu!ts,  we  obtain  the following inequalities:

     aNpt, >  arriN, a-ew,  a-gAT ,

     a-ewT=312>a-xTNali2,

     a-aTN=i>a-ETN=O,

These  inequalities can  be understood  by the forlowing relations  between the matrix
elements  of  the quark  densities (and a  factor 2 in the  expression  for aSp),

NII-Electronic  
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     <UtU>Ar,<dtd>iv><st's>h', <utu>p><utu>n,  <dtd>n)'2<cl'td>p,

     <UMU>N,<dd>N><S-S>N, <U-u>p><u-u>n, <dd>n><dd>p.

Namely,  the scattering length is larger or  ro'ughly  the interaction between  baryons  at

low  energies  is stronger,  ii the overlap  of  two  baryons  /in the fiavor space  is larger, It

is extremely  interesting to see  if above  inectualities among  scattering  lengths reaily

hold in nature.

          S 4. Pgon-enucgeon and  kaon-nuc]eon  s ¢ attering  lengtks

   We  take  the axial-vector  current  for the pion  and  kaon  interpolating field,

     Ap(x)-  q-i(x) 7p 7ts q2(x), (19)

which  has a property  required  for the interpolating field,

     <OIA,(O)lg(fe)> ==itafok,  (20)

with  fb being the pion (kaon) deeay  constaniL.  The spectrai  functions in the vacuum
and  in the  nucleon  are  assumed  to be saturated  by the  pion  (kaon) pole terms:

     poP(to)=mofle2{B(w-mg)-6(to+mv)}}

     pNP(w) =  
-
 i Lfla2[8'(w -  mep)  7leN -  6(cv ua mp)(  ll'}3rv 

-L
 tii. 7'leAF)

           +5'( cv +mep) TtiN +S(  to+mav)(  T6N 
L'rmm3u-

 7"p'N)] . (21)

T($-v.)== T(l:mp,O, mep2, mq2),  T($.N.>:=:± (alaa,)T(di, O, coZ, to2) ..- ± ..  with  the off-shell

          ned  byT-matrix  defi

     T(v, t, q2, q'2) ==  
-
 i-(qZ- 

M2.1.),rv(.}#'p24nv
 
Mmp2Lfd4xezqx

                 × <A[(p)1T(D"A.(x)0"AJ(O))N(p')>, (22)

where  y==w+  ti4MN, t=(q-a')2  and  q+p==  et+p',

   The  correlation  functions in the OPE  are  given up  to dimension six  as  follows:

     ll6( ev) ='=T  st3n'f (mi +  m2)21n(  ve to2) T  (mr +  m2)(<  q-iqi>o +  < q-2q2 >o) -tur12

           
-(m,

 -- m2)2(--g--(!i;'-G.vG"P>Nl  a4 ,

     I7N( bl) =-T: (<q" qi>iv -  <42' q2>AF) -ilJ- (Mi -' M2)(<  eriqi>N + < q-2q2>N) iiM
           +  (mi +  m2)2[(<qt'  qi>N T  <qi q2>N) 'S3 r  (2(i< 8 [ igh 7e Doqi]>Ar
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+  i< S  [ q-2 7oDo q2]>N)--k- (f, (;..G,ip).. --S- (-CiS,-S(GnvGo")).]8,], (2,)

From  Eqs.(21)  and  (23) we  obtain

   22"MM.Pzfb2exp(--i'l

 :epi)-'g3ff'2 (nzi+ma2)2L1nfbz-<e2>OT'(ml
 -- m2)2
8Mb4<e,>,

 
,

   22

 ilZ, ,fuz7'LoNexp(
     Nnzp2.1

 mF3

Ms21:'i:-' MBZ<ei>AT- tV;:i <e2>N+(1-
 
MepM.i

 )< {e) 4>N'(24)
where

O1=q"ql-

e,=(mi

qia2,

･l-
 m2)(  q-lql +  q-.2q2) 

,

O,=:･ -q-F--G
    zgeuGptv

 
,

04=(mE  -f m2)2[mv(qt  qL -  qi q2)-I2(iq-i 8  ( 7oDo)qi +  iq-2 S  ( ?'bDe)q2)

18crs.Grr..
 (}' 

"v
 
-
 
-ll-

 :s s (GovGo"))] (25)

   Xn this paper  we  concentrate  on  the leading order  terms. The

higher order  t'erms are  discussed in Ref. 6), We  also  neglect  higher
mz2twB2,

   In the pion-nucleon channel  the T-matrices  are  obtained  as

T:")-7(.g.zz..uJt.md)<ts-
 zt t  dd>N･ amb･

effects  of  the

order  terms in

f}t2 fltz 
)

Z3r"EJ.)=-･-mff<za
 
'F'
 zx -  d･d>p mi[

flt2 2f},z 
s (26)

where  T:N")==(Z,-p±･ Lt+p)/2=(7';,vn± lilr-n)/2 and  o.N  is the pion-nucleon sigrna  term.

   The  leading order  term, the dimension-three operator,  contributes  to the isospin-

odd  component  of  the T-matrix  and  gives the Tomozawa-Weinberg  term.')'8) The

next-to-leading  order  terrri, the dimension-four operator,  contributes  to the  isospin-

even  component  of  the T-matrix  and  gives the sigma  term, which  is the sarne  as  that

obtained  by using  the PCAC  and  current  algebra  at  the Weinberg  point.i2)

   It is interesting that the quark  number  in the nucleon  determines the Ieading-order

form  of  the T-matrix.

   In the  kaon-nucleon channel  we  take  intc account  the  contribution  of  A(1405)

which  exists  below the KN  threshold. I'Iaving done  thi$ modification  the T-matrices

are  obtained  as

1ffE;)= 
Offp

 +  9ri*2 nzK2

rk22  m.+M.-M.*(
 M.,,lua, )2 ,
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ne;)=.toTK-:,

T}2J):--･ -  ll f +TYt4.i. mK2 (--lmK+M.-ML{,ua*TvaT)2,

     nl}---2M-jLl"-,, (27)

where  7-;Ei)=(7k-N:'i:-Tk+N)/2, omv  is the kaon-nucleon sigma  term, gA* is the

K-NA(1405) coupling  constant  and  Mri* is the mass  of  A(1405). In Eq. (27) we  neglect-

ed  higher order  terms in the binding energy,  mK+M･-M,i*.

   The  results  for the kaon-nucleon channel  are  similar  te those  for the pion-nucleon

channel  except  for the contribution  from  A(l405): t.he dimension-three operator  gives

the Tomozawa-Weinberg  term  to T(-) and  t/he dimension-four operator  gives the

sigma  term  to T('). Though  the error  ofthe  ,A(1405) contribution  due to the experi-

mental  uncertainty  of  the KIVA(1405) coupling  constant  is quite large, the inclusion of

the A(1405) contribution  seems  to improve  the agreement  with  the observed  scattering

lengths which  are  determined by the scatter'ing  experiments,

S 5. Relation to sum  rules  at  fingte demsgthy

   In ReL 9) Drukarev  and  Levin pointed out  that if the condensate  of  the operator

e in the nuclear  medium  is expanded  in the baryon  number  densi'ty, p, the coefHcient

of  the term linear in p is given  by the matrix  element  of  O with  respect  to the

one-nucleon  state:

     (7)=Oe---eNp+o(p).  (28)

Then  in Ref. 5) it was  pointed out  that if the correiation  function is expanded  similarly

in p, the coethcient  of  the term  linear in p is given by the correlatiorz  function in which

the expectation  value  is taken  with  respect  to the one-nucleon  st.ate,  ll}g, on  the one

hand,

     M=-llb+ffNpto(p), (29)

and  the same  coeflicient  is related  te the self  energy  of  the baryon, B, in the nuclear

medium,  X, on  the other  hand,

                   1 0X 1
     flb ==  Jd' 

rm=i'
 Mk  

+'i'=  Mb  op' a-A4h  p+  o( p)- (30)

By  comparing  the second-order  pole  position  of  llN in Eqs. (10) and  (30), and  noting.

the relation,

     swB=  get p-F o(p),  (31)

we  finally obtain
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              MB  +  M,v
                     aoNp+o(p),  (BilV)           -2rr
               1lf.ua,･
     (}Ms  ==

               1
                  aNtvp  'l- o(p)  .           -'3n
               M.･

This clearly  shows  that  
LLhe

 calculatien  of  the  effective  mass  i.n the

approximation  is nothing  but the calculation  of  the scattering  Iength.linear

(32)

density

g6. Saummaary

   To  surnmarize,  recent  works  on  the  application  oi" the QCD  sum  rule  to the

calculation  of  hadron-nucleon scattering  lengths are  reported,  The  formaiism to

calculate  scattering  lengths in the QCD  sum  rule  is explained  and  then  it is applied

first to the nucleon-nucleon  and  hyperon-nucleon channe]s  and  secondly  to the pion-
nucleon  and  kaon-nucleon channels.  It was  feund that the quark  densities in the

nucleon  determines the hadron-nucleon scattering  lengths in the leading order  and

that the calculated  scattering  lengths are  in qualitative agreement  with  experimen-

tally known  scattering  lengths.

   Finally, I should  rnention  that  recently  Furnstahl  and  Hatsuda  made  critical

comments  on  our  work2e)  but we  disagree with  them.2t)

   In conclusion  the application  o/,r the QCD  sum  rule  to the hadr, onic  interactions is

prornising. But, clearly  much  work  has to be done in order  to confirm  the present
results  and  clarify  existing  discrepancies.

   I wouid  like to thank  K. Kondo  and  Y･ ,

talk is based.

Nishino for the collaboration  on  which  this
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