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1 Intro,duction 
,! 1\/,-

An important problem in the theory of strong interactions is to'dalculate; froni the first principles 
of QCD? hadronic wave functions ,p,.(:i:), ,pp(:i:), ... , 'PN(:i:1, :i:2, :i:a), etc. These phenomenological 
distributions of partons on the fraction :i:E of a hadron momeiituni P naturally appear,as a result 
of applying "factorizatio~'iheoren{s" to ·hard ex~lusive,'processes (1, 2, 3, 4] .. They, acc!lm~late all 
the necessary information about non-perturbative long-distance dynamics of partons1n hadrons. 

The sta11d~rd QCD. sum rule (SR). cakulation of light meson wave functions. (WF's), firstly 
introduced by Chernyak and Zhitnitsky (C&Z) [5] and recently re-estimated by Ball and Braun 
(B&B) for p-meson [6], implicitly assumes that the correlation length A of vacuum fluctuations is 
large compared to a typical hadro,riic scale';.2, 1/mp. Thus; one can replace the original nonlocal 
objects like M(z 2) = (q(0)E(0, z)q(z)) 1 by the constant (q(0)q(0))-type values. Based on this 
hypothesis, the well-known QCD SR approach [7] has been applied in [5] to calculate the fiisl 
two moments (f.N) = I~ <p( :i: )(2:i: :_ 1 )N d:i: with N = 2 and N = 4 for WF's of light mesons. ;And 
just from these moments the whole WF's have been reconstructed, which are now referred to as 
C&Z WF's. ' .· 

But now it is known that hadronic WF's are rather sensitive to the width ·of the function 
M(z 2 ) [8, 9, 10] and the ,crucial parameter,:A •mp,~ 1." Therefore, one should, use n,onlocal 
condensates (NLC's) like M(z2) whose forms reflect the• complicated structure of the QCD 
vacuum. Certainly, these objects can be subsequently expanded over the local condensates 
(q(0)q(0)), (q(0)v'2q(0)), etc. a!1q one can return agai.n to the standard SR,,by,,truncating this 
series (here, 'y" is the covariant derivative). Our strategy is to avoid such ari expansion because 
we lose in this way an important physical property of non~perturbative vacuum - the possibility 
of vacuum qu~rks aI1d gluoiis to' flow 'through vacU:um with non-zero virtuaiity (k2) f o: 
Indeed, the average virtuality of vacuum quarks A~ is not small and can be extracted from QCD 
SR analysis [8] 

,2= (qv'2q) ~ (q(uµ,,G"")q) =04. ±. 0lG .. y2 
"q - (qq) 2(qq) . . e ' (1) 

that is A~ i~ of an order of the typical hachonic scale (11] m} :;::j 0.6 GeV2 > All estimat~'ror A~jn 
the framework of the instanton liquid model (12] yield similar number: .. · · '' · , 

Careful inspection of consequences of such an approach to QCD SR for pion WF (8, 9/13] has 
revealed that the introduction of th; correlati~~ length A\ . ._; :1/A,{ into condensate distributions 
pr~duces much s~aller value's for the first Iriorri;rits of pion WF than C&Z values. This lead~ to 

' ,, ',, ' ,,, . ' \ ' ' . ' ' .' .. ,,·' ' " ,. ' ... , 
the shape of the pion WF str_c,mgly different froin the C&Z shape and close to the asymptotic 
W1" ,p0 '(:i:) = 6:i:(1-:i:) (4), i.e:, ,p,,.(~) :;::j ,p0 '(:i:);' Lat~r/~his WF was confirmed by independent 
consiqeratfon of the QCD SR direftJY f~n: cp;(:i: l based ori the non~diagonal c~rrelator (14] and on 
the advanced smooth distribution function for the quark nonlocal condensate. The final effect 
obtained by both the ways was due to the main. physical reason - vacuum· correlation 'leI1gtli 
A_,.,, 1/Aq is of an order.of 1/mp. " , •, .. , 

Our goal here is to show that in the case of QCD SR for· the 'p-meson channel the situation 
is similar: all the predictions of the standard QCD SR (C&Z ones for the' longitudinal cas~ [5] 
and B&B ones for the transverse case [6] - ·we call them Local QCD SR) for moments (f.2N)p 
~ith N > 2 could not be approved. We apply the NLC's formalis~'to calculate the diagonal 
correlators for p-m~son currents, i~t.roduced in [5]' ~nd "coris~ruct gen~ralized SR in chiding O (a,)
radiative corrections to obtain WF's of twist 2. The first ten moments of longitudinal WF's 
of p- and p'-~esons and of transverse WF's of P"-. a~1. bi-~'.~s(ms are ~stimat~d (T~ble_.2) .~nd 
the models for them (see Figs.2-5r are suggested. As a byproduct we predict the lepton decay 
c~ristant /p• and estimate 'the n'ias~ of p1-[Il~~on. ·'The calculation' technique is the ,sairie as in 

t .. , • . • 'I 

--,H-e_r_c_E_(_O,-z-)_=_· -P-c-xp_(_i_fo-,-d-tµ_A_;_(t_)_-r.-)-is-the Schwinger phase factor required for gauge_ invarian~~-



Refs. (8, 9, 15]; therefore, the corresponding details are missed b~low~ b~t' ~e shaU keep the 
C?nnecti<?n with.the pion case through the text. 

2, ' Generalized sum rules, for. the p-meson channel vs the stan-
:·., · dard version . . 

't • • _ ~' ; 1 I • • .: 

Fcir .the helitity:zerc> ~eson MJ>.J~o = ML, ML = p, p' .. . , 'the leading0twist'W,F is defined as 
_' ' ' ; ' -, '. > }' • • ' • <. C • • • • ' ~~ 

. (0 j,il(z)-y~u.(0) I ML(P))/,,=O = ff:r1,P,, f d:r)~(~r,). rpfw1{1J (2) 
.,- > ·• •C, ' _r,1,·1·(, 

(et:=0 (p) z. p,,/mML. at Pz ,-t oo, where e,,(p) is. the polarization· vector). : lnformatiow about 
rpL(x) can be obtained from the correlator-I(no)(q2) ofvector currepts lt'ru)(Y), see c:.g. [5]: 

' . ' 

i J dyeiqy(OIT{ Vit,(~)Vcn)(O)} IO)= (z~t~ 2 I\nD), Vcn)(Y) ~ d(y)z (zv')" u(y), 
·- .. ,_._ ,... • ' .!· 

(3) 

where z
2 

~- o:·';'The_ correspondi~g formula 0for the unit· helidty state, M1._ = M1.xJ=I, M1. 
/, b1 .. :·; has the form: ' · ' , · ·, · . ; .·. 

'. "'(O 1/~z)a~vu'(oJ; I M1.(1;1))/.,=~·=Jfii~ (e;(P)Pv -e;(p)p1,) [ dx~'.~<•iil 'f'1,_ (x): 
' . ,. :, •' '·, ,, ', ',,, ' •' ' ,.. ', u ' .. ·" ' 

(4) 

Mdin'ents of these functi~ns 'f'T(:c) 'ar~ ~~tracted from the co:relato~J(n~)(J2) of ten~or currents 
~{n)(Y~J5,,?l:,'·'.;''.',;.,,, ···.· ... '· : ', ·.•·· , , :_·.·,;,. 1 

'• •,., 

, i j dyeiqy(OjT { T{Oj(y)Tt:,i(O)} j0) ~ -2 (zq)n+2 
J(no), .T(n)(y) = d(y)~1'"z" (zv')n u(y). (5) 

This correlator J(no)(q~) ,c?ntains the contribution from_states with different parity (see anal

ysis in '[6]). Theref~re, the presenc~ ,?f ll __ c?,ntaminati?~ f~olll b1~~~sori ( J!'C = 1 +-) in the 
phenomenological part of SR is mandatory., , : ., ,:. , . ' , 

:rhe theoretic~~.,'.'condens~te" ,parts ~or:,b'oth the, correlators - I(nO) in ,(3) .and Jino) in (5) 
- contain ~he same 6 unive_rsaLf!Iement~ _as.,,for ~hE; pion.<:as~. Their relative (to pion case) 
co~tributions Ll'Pr (x; M 2

) to SJ'.l for_WF's 'f'M(x) are cojlected in;Table L,'J'.~e diagram origins 
of these eJeme_nts .d'Pr (x; M,~) are desc_ribed.in detail _in [8, 9]. The direct SR, formulation for 
WF allo;ws on~to. construs! i~medi~tely a. ''.d~ughter. S_R''. fo~ ,.,anyfunction?-1, of rp M( x) ( not 
only for niimients·(~N) ). Let us write down the final SE..'s including WF's qf p-meson and next 

• 1·; ·.- · · .1 ' ··'. . ,,. · ·,· ., , , • • , ·. ,(, 
1 

···• , ,,, , ., • 

~es_on'\nces/ -~~-~ bi i!J phenom~n.ological parts: . 
1 

i ,, .. '. 
1
, ,. , • , 

, . ( L) 2 L 2/M2 ( L) 2 L -m
2 /M2 1 r• · rt '· , /M2 · · '-

, .,, ,f~ , 'f,'P(x)e-m~- ~. ff', ,'f'P,(~)e . P', =_ 4rr"f }~•:.Pi, (x;s)e-_: ~s ·• 
1 

_(6) 

+ ~<I>a(x; M2
)~ A1>s(x; M2

) + A'Pv.(x; M 2
) + A'PT, (x; M2

) + A4>T
2
(x; M 2 ) + A'PT, (x; M 2 ); 

·. ' '' ,; ' • ' ~ · •• ' ., • • ' • 

tP ~,:! , ~ ' - I ; 'T ~ . ~ (· 

· ( T) 2 T 2/M2 ( T)
2 T -m

2 /M2 · 1 .{'• t /M2 
''' JP 'f'p (_;)e-m, + fb, 'f'b, (x)e ••. , = 

4
7r2 Jo p1;r (x; ~)e-• ds . (7) 

+.A4>q(;; M2
) ..:·41>~(x;Af2

) + ~~v(x;M,2)+ t}.4'.~, (x; M});+ A4>T2 (x; };f2) - A4>7:,(x; M2 ), 

· , 'LT ,•· .. ',.• : ·· , · :· ' '·l " .. . · · ; 
whe're s0 ' · are the effective continuum thresholds in the ,Land T cases, respectively. Perturbative· 
spectraldensitiesp1;;'1(x; s) have been present~a' iri an'orde(~f O(a~) in (8, 9] for the L case 

a~d in [6] rot th~ T' case (see Appendix B). R~di~tive cor"r~ctio~; amo~nt to 10 % of l{':f:. 
Contributions A1>r(x; M 2

) depend on a specific form of NLC's M(z 2 ), :· •• , etc . . 
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~ 

~ 

Table 1. 

meson WF The contribut_ions to SR from different types of condensates 

A1>s(x) A1>v(x) A.4>T1 (:i:) A'PT,(x) A4>Ts(x) A'Pa(x) 

(!,,,A, )2<J'.-,A 1 (x) 1 1 1 1 1 1 .. 

U;,p, )2'f'~.p.(x). -1 1 1 ., 1 1 1 

" 
', 

T 2 T .. 
,0 1 1 1 -1 1-~ Up,b1 ) 'f' p,bJx ~ . li4Sa 

, 

To construct SR for WF's, it is useful to parameterize these NLC behaviours by the "dis
tribution fu~ctions" (8, 9, 14] a'la 'a-representation of propagators, e.g. , fs(v) for the scalar 
c~ndensate M(z2) 2 ' ' · 

. 
1

=··. , . 
1

00.. loo ).2 
M (z2

) = (q(0)q(0)) evz / 4 fs(v) dv, where fs(v) dv = 1, · v fs(v)dv = ...2., 
o , ,o . o 2, 

(8) 

The function fs(v) and other similar functions fr(v) describe distributions of vacuum fields 
in virtuality v for every type of NLC. They completely determine the RHS of SR's in (6) and 
(7). The general forms of elements A1>r(x;·M2

) as functionals of fr(v) ·will be published in 
a separate paper. For the standard (constant) condensates (G(0)G(0)) and (q(0)q(0)) these 
distributions are of a trivial form; e.g. , fs(v) = 8(v) (Appendix A). To involve the condensates 
of higher dimensions into consideration, one should use·the contributions to fs(v) proportional 
to the derivatives of 8-functions - .S(v)', .S(v)", .... It is clear that in the absence of the QCD 
vacuum theory merely models -of real distributions may be suggested for these distribution 
functions fr(v). However; for the purpose of QCD SR's for 1moments (eN) we need a rather 
rough information about the fr(v) behaviour. Therefore,'w'e apply here the simplest ans'atz 
(8, 9], like fs(v) = 8(v - >.~/2), to take into account only the main effect - the non-zero average 
virtuality of vacuum fields. One may consider such a form of fs(v) as the result ofresummation 
of the subset of the above menti~ned contributions,,_; 8(v){n} connected with the sing!~ scale>.~ 
(8, 9]. The corresponding expressions for A'Pc,s,V,T,(x; M 2) are collected in Appendix·A . 

. Now let us take the limits>.~-+ 0, A4>r(x, M 2 )-+ Arpr(x, M 2
) and ,JZ'1(x, s)-+ pf?"n(x, s) 

for SR in eq.(6) to return to the standard approach (see these reduced.elements in -Appendix). 
We try to inspect the subtle points and the range of validity of C&Z SR. These authors extracted 
(eN) exactly in the same way as the, fp value ( and B&B limit themselves to extraction of only 
(e) ). However, the nonperturbative terms in their sum rule (p'-contribution is omitted for 
simplicity) have a completely different N-dependence compared to the perturbative one and, a 
priori, it is not clear whether· a straightforward use of the N = 0 technology can be justified 

2 1n deriving these sum rules we can alwais make a Wick rotation, i.e., we assume that all coordinates are 
Euclidean, z 2 < 0. 
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for higher N (for definiteness, we consider here only the p-meson (longitudinal) case; the same 
arguments work also in the pion case, see criticism in [9, 10, 13]). 

, 

( L)
2 

NL -m!/M2 3M
2 

-•N/M2 _ 

JP (~ )pe + 41r2(N + l)(N + 3) e -

3M
2 

((a,/1r)GG) 16 ( N ) (,/a.ifq) 2 

41r2(N + l)(N + 3) + 12M2 + 811r 4 - 7 ~ (9) 

The scale determining the magnitude of all hadronic parameters including SN (the "continuum 
threshold" [7]) is eventually settled by the ratios of condensate contributions to the perturbative 
term. If the condensate contributions in the C&Z sum rule (9) had the same N~behavior as 
the perturbative term, the N-dependence of (~N) would be determined by the overall factor 
3/(N + l)(N +3) and the resulting WF <p(z) would coincide with the "asymptotic" form <p0 '(z). 

However, the ratios of the .(ijq)- and (GG)-corrections to the perturoative term in eq.(9) 
are growing functions of N. This results in reducing the predictable powerof the local QCD 
SR's with the growth of N. In order to reveal consequences of this effect ~ore clearly, let us 
consider the so-called SR fidelity windows, i.e. regions of the Borel parameter M 2 where one 
should .obtain valid SR predictions. In accord with the QCD practice [7] these fidelity windows 
are determined by two conditions: the lower bound M: - by demanding that relative value 
of the (GG)- and (ijq)-contributions to OPE series shouldn't be larger than 30%, the upper 
one Mi -; by demandin_g that relative contribution of ~igher. states in the phep.omenological 
part of SR shouldn't be larger than 30%. Suggesting independence of the threshold. of N 

<.(sN,::, So;:::; 1.5 GeV2
) we have in the case of N = d:' M: = OAGeV2, Mf= 1.34 Gev~: But 

for N = 2 we have M: = 0.73 GeV2
, Mi= 1.34 GeV2, and for N = 4 - even M: = 1.5 GeV2 , 

Mi = 1.34 GeV2
• That is, the fidelity window shrinks to empty set in the last case. C&Z 

suggest that s 2 ;:::; 1.9 GeV2 and s 4 ;:::; 2.2 GeV2 • It is hard to imagine such a strange type of a 
spectral model, but there are no principal objections. 

. In our opinion, there is no need to propose such an exotic spectral model (sN = s0 +const•N), 
because the. reason ,for this "exploding" behaviour of Local SR is quite evident, 'namely, a 
completely different dependence on N of the perturbative (the first term in the second line of 
Eq.(9)) contribution and.of condensate ones. And the origin of this difference is also clear: as 
was explained in a series of papers [9, 10, 13] this is due to Taylor expansion of initial nonlocal 
objects like (ij(0)E(0,z)q(z)) in powers zk. The first constant term of this expansion, (ijq), 
produces a:n (N)0-dependent term in SR (9); the next term, an N-dependent and so on. 

On the contrary, the NLC terms .6.<I>r(z;M2) in (6) and. (7) lead to the moments (~N) 
which weil decay with N~growth; so physically motivated N-independe~t conti~~um threshold 
s& n!\tura,ly. appears in the SR procE!~sing. · · 

3 The moments and the models of the wave functions 

Before analyzing the results of processing of SR ( 6) and· (7) for the moments (~N) M, let us con-
. sider the peculiarity of the QCD SR structure; represented in Table 1. Opposite to the 1r-meson 

case the contribution of.the numerically most significant ."four-quark condensate" .6.<I>s (z','M2) 

[8] is equal to zero (for the T-case, see sign at .6.<I>T3 ) or even has the opposite sign (for the L 
case). For this reason the role of a vacuum interaction for the p-meson is weaker than for 'tlie 
pion .. As a consequence of such an SR structure the nonlocal effects partially compensate them-

. selves,,-Therefore, the extracted values of (e)M in the framework ofNLC SR don't drastically 
differ from the results of B&B, obtained in the standard way 3 • However, the sensitivity and 

3
Note here, that results of T case in original CZ work shouldn't be taken as a ~at tern for standard SR - there 

is an error in sign of quark condensate contribution, see [18, 6]~ ' 

,4 

\.. 

,., 

). 

j, 

stability of NLC SR are much better than for the standard 6ne, compare the ·accuracy for the 
first moments in Table 2 (errors are depicted in brackets following a standard manner). This 
allows us to estimate the first ten moments in both channels for p-, p'- and b1-mesons. We have 
determined the following values for practically N-independent continuum thresholds: s& ;::; 2.4 
GeV2 and sr::::: 2.3 GeV2

• Fidelity windows for the L case are: 0.6 GeV2 ~ M 2 ~ 2.1 GeV2 for 
all N = 0, 2, ... , 10. And for the T case they are: 0.5 GeV2 ~ M 2 ~ 2.0 GeV2 for N = 0 and 
1.0 GeV 2 ~ M 2 ~ 1.9 GeV2 for N = 10. 

Table 2. 4 

The moments (~N)M(µ2) at µ 2 ~ 1 GeV2 

Type of SR !M (cev2
) N=2 N=4 N=6 N=8 N=lO 

NLC: PL 0.206(3) _0.218(5) 0.093(4) 0.049(3) 0.029(1) 0.019(1) 

B&B: PL 0.205(10) 0.26(4) - - - -

C&Z: PL 0.194 0.26 0.15 - - -

NLC: PT 0.176(4) 0.225(5) 0.079(4) 0.031(3) 0.009(1) 0.0020(3) 

B&B: PT 0.160(10) 0.27(4) -· - - -

C&Z: PT 0.200 0.15 ~ 0.06 - - -

NLC: bT 
I 0.160(5) 0.27(1) 0.185(5) 0.140(5) 0.116(4) 0.090(5) 

B&B: bT 0.180-0.170 -
I 

- - - -

NLC: p'L 0.145(5) 0.330(16) 0.215(10) 0.158(7) 0.118(6) 0.094(5) 

The ranges or'stability within.these fidelity windows almost coincide.with.these windows, 
starting at higher values of M 2• For example, in the L case these ranges start for aHN at 
M: L + 0.2 GeV2, ahd in the T case they start at M: T(N) + 0.1 GeV2 • 

Another evidence of the efficiency of NLC SR is the estimate 'Of the p'-meson mass. First, 
the p'-resonance .with tabular mass m1,, = 1465 MeV was inserted in SR (6) to improve the 
stability. But at the second step m", was estimated from our SR, see Fig.I. It appears to be 
rather clo~e to the experimental value [19]: 

m~:c,.,. =,1524 ±:54 MeV, m~,";1' = 1465 ± 22 MeV. (10) 

Possible models of WF's corresponding to the moments in Table 2 have the form:. 

cp;:,m(xl(x, 1,2) 

~-:;,mcxl( z:, /_t2) 

<p'"(z) ( 1 + 0.043 · c;12(~) - 0.027 • c:12(~) - 0.055 · cg12(0) , (11) 

<pn'(z) (1 + 0.054. c;12(~) - 0.20. c:12(0.:.. 0,070. c~12(0)' (12) 

"C&z·h'lvc all mom(•ub:·uormaliz('(l to thr normalhatiou 1,oiut. ,,11 = 500 MrV.'lu·rr ~r 1n·1•:--1•nt. t.lu•:--t• nu•mt•ut.:--
uorma.li;,,c-d to the nornw.fo•,at.ion point./'= 1 GrV. · · 
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L,mod( 2) 'f'p• :c,µ 

T,mod( 2) 'f'b, :c,µ 

<p0 '(:c) ( 1 + 0,38 · c;12w + 0.414 · ci12(€)), 

<p0 '(:c) (1 - 0.206 · c;12(€) + 0.528 · ci12(€)), 

(13) 

(14) 

where€ = 1-2:c and µ 2 '.:::'. 1 GeV2 corresponds to an average value of M 2 • _To check the reliability ' 11 'f'M(:c) ' of these models, let us estimate the functional /('f'M] = ---d:c that often appears in the 
0 _;c 

calculations of different form factors, see e.g. (20]. It is clear that /('f'M] is a new independent (of 
moments (€N)M) quantity. Besides, the values of /(<pM] allow us to discriminate better different 
models for the sam~ 'f'M• The /('f'M] can.be obtained in two different ways: (i) from QCD SR 
(6) adapted to I[<pL] by integration with weight 1/:c; (ii) by direct integration of the WF models 
(11, 13). As it is seen from Table 3, the agreement of both kinds of the results for l['f'L] is rather 
good for the PL-case (the discrepancy is smaller than 7%) and worse for the p~-case. 

Table 3. 

Asymp.WF SR (here] WF [here] WF [B&B] WF [C&Zl_ 

/['f'~] 3 3.1 ± 0.1 2.9 3.54 4.38 

/[<pt] 3 4.7 ± 0.2 5.38 - -

ir'f'ri 3 - 2.35 3.6 -

These mod_els confirm the property of NLC SR about closeness of WF's.of a meson in the "ground 
state" to asymptotical WF (due to nonlocality effects), proposed by Radyushkin [13], in respect 
of 'f';,m0 A:c) (see Fig.2) and WF 'f'~mod(:c) (see Fig.3). The curve 'f';,m00 (:c) oscillates around 
the asymptotic WF curve, so one may conclude that they practically coincide in an order of the 
uncertainty of SR. The function 'f'~moA:c) is close. to th~ B&B modei and is not too far from 
the asymptotic one as well. Orie may expect that WF's of resonances would oscillate by analogy 
with the pion resonance rr' case [14]. Indeed, the shapes oCWF's <p~;m00(:c) and 'f'f.'mod(:c) for 
resonances look similar to the WF rr'. ' · ' 

4 Conclusion 

Our basic interest in the present paper is to explore the well-working method of NLC QCD SR in 
analysis of WF's in the p-meson vector and tensor chann~is. As was _noted in the previous papers 
[8, 9, 10, 14, 13] just in problems of nonlocal characteristics of hadro.ns, such as wave functions, 
form factors, ... one should use. the for~alism of nonlocal condensates. Let us summarize the 
main results of this paper: · · ·· · 

1. The generalized sum rules for WF's of the p-meson and related resonances with nonlo
cal condensates are constructed. With using the simplest ansatz (9] for nonlocal quark 

. condensates we obtain new estimates for the first ten momerits of the p-meson and its 
resonance WF's. It should be emphasized that analogous evaluation within the standard 
QCD SR approach is impossible. · · 
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Fig. 1: Extracted squared mass of the p'-meson (in GeV2 ): dashed line - so = 2.4 GeV2
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line - So= 2.5 GeV2
, dotted line - So= 2.6 GeV2
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Fig. 2: Longitudinal wave function of the p-meson: solid line -.from NL QCD SR, dotted line -
asymptotic WF, dashed line - C&Z WF. 
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Fig. 3: Transverse wave function of the p-meson: solid line - from NL QCD SR, dotted line ·' 
asymptotic WF, dashed line - B&B WF. 
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Fig. 4: Longitudinal wave function of the p'-meson: solid line - from NL QCD SR, dot.ted line 
- asymptotic WF. 
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2. We suggest the models for (see Figs.2-5) WF's of p-, p'- and b1-mesons. The form of 
the obtained longitudinal p-meson WF is not far from asymptotic WF (this conclusion 
noticeably differs from the results of the Local QCD SR (5]), while the tensor p-meson WF 
is similar to the naive model of Ball-Braun (6]. 

3. As a by-product we predict the lepton decay constant fp, = 0.145 ± 0.005 GeV 2 and 
estimate the mass of the p'-meson, mp, = 1524±54 MeV, which is now under experimental 
investigation (19]. 

The wave functions obtained here are crucially important for calculations of semileptonic form 
factors in heavy-light decays of mesons in the framework of the light-cone sum rule approach, 
see e.g. (20]. 
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Appendix 

A Expressions for nonlocal contributions to SR 

For vacuum distribution functions fr(v) we use the set of the ·simplest ansatzes: 

fs(v) 

h, ( a1, a2, a3) 

a(~-.\!/2); f~(v) ='<l'(v::_.\!/2); 

<l ( a1 - .\~/2) 8 ( a2 - .\~/2) <l ( a3 - .\!/2) . 

(A.1) 

{A.2) 

Their meaning and relation to initial NLC's have been discussed in detail in [8, 9, 15] The 
contributions of NLC's A<l>r(x, M 2

) corresponding to these ansatzes are shown below; the limit 
of these expressions to the standard (local) contributions cpr(x, M 2

) - A~ -t 0, A<l>r(x, M 2
) -t 

Acpr(x, M 2) are also written for comparison. Here and in what follows A = .\~/(2M2
), fi. i::c 

1- A: 

A<l>s (x,M 2
) 

Acps (x, M 2
) 

A<l>v (x,M 2
) 

Acpv (x, M 2
) 

A<l>r, (x, M 2
) 

; fi.
1!

2 
{O(i >A> x)i[x+ (A- x)In(i)] + (i -t x)+ 

+0(1 > A)O (A> x > fi.) [fi. + (A - 2ix)ln(A)]}, (A.3) 

As 
M 4 9 (<l(x) + (i -t x)); 

; (x8' (i - A)+ (i -t x)), (A.4) 

; (x8' (i) + (i -t x)); (A.5) 

3As { ( 1 ) - M
4 

[8(x - M) - 8(x - A)] ~ - 2 0(1 > 2A) + 0(2A > x)· 

i [3z 1 + i]} O(z > A)O(x > 3A - l)X ~ - 6 - --X- + (i -t z), (A.6) 
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3.4s· (·, _ _ l 
•. M4 r5 (z)+ (:i: -u) ; A<pr, (x,M 2

) 

· A<l>r, ( x, M 2
) 

4
A_(i {,5(:z, - ;>-t:i.) 0(1 > 2A) - 0(2A > z)O(x > A)O(x > 3A - l)· 

M A ·· · ' , . . 

1.1. 2:i: - 4A} 
'AA 2 +_(i-t:i:), (A.i) 

A<pr, (x,M 2
) 

,Hr, (x,M 2
) 

')A -: :w; (xll' (i) + (i -t :i:)); 

3A,i { , • . [ i t:,.]} · -· -'.:.- 0(21::i. >'r)O(x > A)O(x > 3A-1) 2- ~...: ~. · j~t:,.t,. . t:,. t:,. 

-,-(i-'.r), {..\.S) 

D..,::T, (1·, .11 2
) -

t:,.,f>c; (J· .. i/ 2
) 

3.-1,; ''. .. 
~'1~ (S(.r):' (J· -~ .r)): 

,n_.,(;(;\ . ~ 
., -;_ - ,- ( ,1 ( 1· .i) - l ,· -·• ,·)) . 
_ 1,. .ii 

!::i..,:c; (r, u 2
) 

A<l>a (x,M 2
) 

,n_.,c;c;,. 
-- 24rrJ/; (S (i-) - (.r _,_ .r)): 

\a_,GG) 

'6rrM2 
' 

(..\.9) 

(A.10) 

Brr · , · · - 2 . · . · . ' • ' 
II Pre As = 81 (Ja:q(O)q(O)) , for quark and gluon condensate we use the _standar_d estimates 

(,/i"t;q_(O)q(O)) ~ (o:238 GeV) 3 , (n,GG) ~ 0.001 GeV4 [7] and A~~ (q(a,,tJ?q) = 0.4± 
. ·. , · 1271' • . 2 qq 

0.1 GeV2, normalized at fL 2 ~ 1 GeV 2 [8]. 

B Expressions for perturbative spectral densities 

First, p(x, s)t'rt in an order of O(a.,) was caleulated in [8, 9], but there was missed the trivial 

term 2 ln [-;]; here we have restored it. The corre~ponding term for the T'case p(x, s)!;·,-·, has 
fl • 

r<'cently been prese11ted-i1{ [6]. We have recalculated it and confirmed this ans,ver: 

pforu(x, s)' 

Pt~rt(x, s) 

3 .. 

21r2:ri,{' ( ;) . ( .. ·. ; . )} 
3 n, p- CF . s. ,r-

-2 xx 1 +. 2111 [2 ] + 5- - + hi2(x/.r) , 
271' 4,r ft 3 

(B.l) 

. (B.2) 

p~·rt(x;s) 
{

•• . l . ? .. "( ? ' ' ' ., . ' ) } • 3 _ n.,(,r)CF · s 1r-
2 

_ · _ · • 
= - 2 zz 1 +, . . 21n [2 ] +6- - + In (x/:r)+ ln(n). · .(B . .3) 

' 271' 4,r fl 3 
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EaKyneB A.TT., MnxaHJJOB C.B. 
BonHOBhie cpyHKUHH p-Me3oHa tt cB~3aHHhIX c HHM Me3oHoB 
B npaBHJJax CYMM KXJl C HeJJOKaJJhHhlMH KOH,l:leHCaTaMH 

E2-97-419 

<l>opMMH3M HeJJOKaJJhHh!X KOH,l:leHCaTOB npttMe~eTC~ ,/l.Trn nocTpoeu~ 0606-
meHHhlX npaBHJJ CYMM KXJl (c yqeTOM pa.uttaUHOHHbIX O(a)-nonpaBOK) ;:urn 

BOJJHOBhlX q:>yHKUHH TBHCTa 2p-, p'- H bcM_e30HOB. TTptt o6pa6oTKe npaBHJ{ CYMM 

BeKTOpHoro Kauana oueueHa Macca p'-Me3oHa. JJ:n~ Bcex YKa3aHHhix Me3oHOB 
nonyqeHhl nepBbie IO MOMeHTOB BOJJHOBhIX cpyHKUHH H npe;:m0)KeHhl COOTBeTCTByio
_IUHe MO)leJJH JUI~ 3THX q:>yHKUHH. Pe3yJJhTaTbl cpaBHHBaIOTC~ C pe3yJJbTaTaMH qep
H~Ka - )KnTHHUKoro H Eanh - Epayua. 

Pa6orn BhmonHeHa B Jla6oparnpntt TeopernqecKoii q:>tt3HKH HM. H.H.EoronI0-
6oBa OI15U1. 

ITpenpHHT 06-1,emmeHHOfO HHCTIITYTa »!lepHhlX HCCJie)lOBaHHH. ,Uy6tta, 1997 

Bakulev A.P., Mikhailov S. V. 
The p-Meson and Related Meson Wave Functions 
in QCD Sum Rules with Nonlocal Condensates 

E2-97-419 

We apply the nonlocal condensate formalism and construct generalized QCD 
sum rules (including O(a )-radiative corrections) for p-, p'- and b1-meson wave 

s 
functions of twist 2. As a byproduct we predict the lepton decay constant fp, and 

estimate the mass of p'-meson. For all these mesons we obtain the first IO moments 
of wave functions and suggest the models for the last. These results are compared 
with those of Chernyak and Zhitnitsky and of Ball and Braun. 
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