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1 Introduction 
QCD sum rule (SR)il,2] is a well-known method to describe hadron 

propertiesi3]_ It is based on the first principles of QCD and allows one 

to relate phenomenological information on the nontrivial QCD vacuum 

structure expressed through nonzero averages of vacuum fields with phys­
ical characteristics of hadron ground states. 

The success of QCD sum rules is related with the fact that the operator 

expansion of the correlator of currentsi4J may usually restricted only to 

several operators of lowest dimensions such as quark < 0 I qq I 0 > and 

gluon < 0 I G~"G~" I 0 > condensates. 
However, there are channels which require a more detailed informa­

tion on the QCD vacuum structure. The correlator of scalar currents is a 

typical example where direct instantons151, high-frequency vacuum fluctu­

ations, are important. Within the model of QCD vacuum as an instanton 
liquid16.17J it has been shown 171 that the contributions of instantons to 

the sum rule for pseudoscalar mesons allows the explanation of the fea­
tures of their spectrum, in particular, determination of an almost massless 

11'-meson, and qualitative solution of the UA(l) problem related with the 
anomalously large mass of the .,, - meson. 

These results were also confirmed in the quark modeli8,9] that takes 

the QCD-vacuum properties into account explicitly and shows that quark 
interaction through instantons defines the hadron ground state spectrum. 

There the problem of describtion of isotopic differences of hadron massesilO] 

was solved and a deeply bound H- dihyperonlll] whose stability is pro­

vided by instanton interaction was predicted. 
It has also been shown in19J that for the nucleon the instanton-induced 

interaction is of primary importance because the nucleon wave function 

contains the part where two quarks are in a spin-zero state (a scalar di­

quark) in the same manner as a quark-antiquark pair in the 1r- meson. 

However, in the standard SR for a nucleon112J this fact has not been 

taken into account. Note that the nucleon SRI12J does not possess a suf­

ficient stability. To cure this difficulty, several ways were proposed to 

improve the SR stability, in particular, by adding operators of higher 

dimensions, taking account of anomalous dimensions, the differences of 
continuum thresholdsil3] or next-to-leading corrections in a, of the per-· 
turbation QCD theoryil4]_ Although these corrections slightly influence 

absolute values of mass and residue of nucleon, they could not provide an 
essential improvement of the stability. 
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Here we shall show that, like in the pseudoscalar SR, the direct in­
stanton contribution to the nucleon SR allows us not only to stabilize 
the corresponding SR but also to reproduce experimental value of nucleon 

+e 
b) 

mass. 

n1= e 
a) 

+ ® 
c) 

n2= e + 6i7 
d) e) 

Figure 1: The contributions of a) quark loop, b) four-quark condensate 
< 0 I ijq I 0 > 2

, c,e) direct instantons, d) quark condensate < 0 I ijq I 0 > 
to the nucleon sum rule. 

2 Nucleon sum rule 

The most general expression of the nucleon current is112,13,15] 

O(x) = a01(x) + b02 (x), 

where 
0 1 (x) = Eabc(u"Cdb)J5uc, 

02(x) = Eabc(u"C75 db)uc, 

and a, b are any real parameters. 

(1) 

The current correlator (1) has two Dirac structures for which the dis­
persion relations are written ( Q2 = -q2

): 

i J dx eiq• < 0 I T(O(x)O(O)) I 0 >= qii,(Q2) +II2(Q2), (2) 

where apparently II2 is connected with the spontaneous chiral symmetry 
breaking and is propotional to the nucleon mass. 

A standard analysis of SR for baryons112·13·151 is limited by the con­
tributions of six-dimensional operators in II1 , II2 (others give negligible 

contributionsi13i). Here we also shall take account of the contribution of 
direct instantons (Fig. 1 ). 

There are two types of direct instanton contributions: -diagram 1c) 
manifestly breaking the hypothesis of factorization of the four-quark op­
erator < 0 1 qrq qrq 1 0 >[2] usually accepted in SR contributes to II, 
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where diagram le) gives an exponential contribution of direct instantons. 
We do not take into account the gluon condensate < 0 I G~vG~v I 0 > 
because the analysis shows that it practically does not affect final results 
for values of the nucleon mass and residue. 

The contribution of direct instantons was evaluated by substituting 
into the expression for polarization operator (2), the Green function of 
the quark in the zero mode in the instanton fieldil6]: 

where the zero mode: 

p,(l ±is)!~(x- z)~ U 
[p~+(x- z)']'i'l x- z I ' 

(3) 

p, "' 1.6 Gev-1 is the average size of the instanton in QCD vacuum, z is 
its displacement, U is a color-spin matrix, plus (minus) sign refers to the 
instanton ( anti-instanton ), 

* 2 2 2 
m = - 3" < o I iJ.q I o > P, 

is the effective mass of a quark in the instanton liquid. 
Substituting (3) into (2), averaging over instantons displacement and 

borelizing analogously tol21 we obtain 

II1(r) Fexp(-M£,-r2
) = 2r-6 {E2(r)x + 64z-6 [frl (4) 

24 5Vif + 0.9(1- 7 z- 2 + 3:2z3 exp( -z2 ))¢>]}, 

II2(r) FM exp(-M£,-r2
) = kr- 4 {E1(r)'1 (5) 

+ 2v'1rz exp( -z2 )<p}, 

where r is a Borel parameter, F is a residue defined as F = (47r)4 A;_,, (AN 
is defined as < 0 I JN I Nk,\ >= ANUN(k, A) ), 

n 

En(r) = 1- exp( -sor 2
) 2..)sor')k, 

k=O 

7r2p4 

f = 2n,-' ex 1/20 
2 
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is a packing fraction in the model of instanton liquid ( nc is the instanton 
density), 

x= 
5(a2 + b2

) + 2ab 

8 
,c.p= 

7b2 - 5a2 - 2ab 
ry=------

4 

13( a 2 + b2
) + 10ab 

16 

'P = b2- a>. 

Standard procedure of treating the SR[2,12J consists in searching for 
plateau of stability that is the region of r where right and left parts of SR 
are in agreement within a certain accuracy. Then in this region both the 
corrections from higher-dimensional operators and continuum threshold 
have to be small. 

Note that direct instantons contribute to SR ( 4,5) at any choice of nu­
cleon current (1). Moreover without direct instantons the SR for II1 and 
II2 do not posses the plateau in the region r ex 1/ MN. It is important that 
the contribution of direct instantons is different for II1 and II2. II 1 con­
tains both power and exponential terms but II2 contains only exponential 
terms. Then it appears that the SR for II1 structure is very sensitive to 
the choice of current (1). Indeed if at 1 a 1=1 b 11121 there are no instanton 
contributions, then at a small deviation from this relation their contribu­
tions becomes one order larger than contributions of diagrams 1a and 1b 

in the region r ex 1 Gev- 1
. So at any (a fc b) the SR for II, does not 

simultaneously satisfy the criteria of smallness of the continuum and non­
perturbative corrections, becomes unstable and we eliminate it from our 
consideration. Note that the a, corrections to II1 1

141 are also significant 
and narrow the scale of convergence of that II 1 although a, corrections to 

II2 are small. 
At the same time exponential instanton contributons to II2 stabilize 

the SR and practically do not depend on the choice of nucleon current ( 1 ). 
The graphs of the right-hand side of expressions 

M~(r) = 

F(r) 

8r,II2(r). 

II2(r) ' 

exp(M~r2 )II 2(r) 

(6) 

(7) 

are given in Fig. 2,3 at different choices of current (1). From Fig. 2,3 it 
is seen that without direct instantons the bound nucleon state does not 
anse. Further, the choice of the nucleon current in the form with the 
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0_~------------L-c----~------~~--,-~~ 
0.2 2 -cz IGev·2 l 2.5 

Figure 2: Right-hand side of sum rules (6) at different choice of nucleon 

current a) Ioffe's current a=-h=l, b) scalar "diquark" current b=O, c) the 

case without continuum b=5, a=-7, d) the case without instantons <p = 0 

" 

'>,ee, '-------;---------,,,.._, 
-r 2 IGev·2 l 

Figure 3: Right-hand side of sum rule (7). 
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vector diquark (a= -b = 1) and scalar diquark (b = 0) stabilizes the SR 

with practically experimental nucleon mass. 

a) MN = 0.94 Gev, F = 7.5 Gev6
, s~ = 3.1 Gev2

, 

b) MN = 0.96 Gev, F = 5.5 Gev6
, s~ = 2.5 Gev 2

, 

For the current (b = 5, a = -7) where the contribution of continuum 

(diagram 1d) is eliminated, the bound state arises only due to direct in­

stantons. And finally, at any ( a,b) the nucleon residue is approximately 

twice as larger as the value obtained in113J. Note that the given results in 

fact insensitive to the parameters of instanton liquid because the coeffi­
cient of the stabilizating term in ll2 (5) is a number. So taking account 

of direct instantons for the correlator of the nucleon current allows us to 

obtain stable result for the mass and residue of the nucleon. 

3 Conclusion 

So we have shown that the contributions of direct instantons to the nu­
cleon sum rules stabilizes one. Note that in fact the nucleon mass is 

proportional to the inverse size of the instanton 1/ p, (plateau region, Fig. 
2). The agreement between the obtained and experimental mass testifies 

that the effective size of instantons in the QCD vacuum corresponds to 

the instanton liquid model with p, "' 1.6 Gev- 1 which corresponds to 
phenomenological estimation17.17J. From our results it also follows that 

the nucleon is formed as a bound state in the instanton field, where two 

quarks are in zero modes (3) and the third acquires some effective mass 

due to the condensate in the instanton field. 
So, the QCD sum rules confirm the conclusion on the dominant role of 

instanton-induced interaction in the hadron spectroscopy earlier obtained 
within the quark modet19J. 
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