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Recently, various QCD sum rules have been proposed in the literature in

order to understand the low energy physics (hadron masses and couplings} via

: the information of the short distance behaviour of the two-point functions
International Atomic Energy Agency

assoclated to various types of currests [1,2,3]. For a particular interest for
light mesons physics is the sum rule of the Laplace transform type, originally

and
United Nations Educational Seientific and Cultural Organization )
proposed by SVZ and colleborators [1] and recently revised by S.R.[k].

INTERNATICNAL CENTRE FOR THECRETICAL PHYSICS Within the framevork of this later sum rule, it has been shown for example, that

the p-meson coupling to the photon is predicted with a good accuracy and that

-~ o
the sum of invariant masses 'Eu +m m, differs by a factor 2 toc 3 toc the

d!
wvell known current algebra Leutwyler masses is5]. Within such = sum rule

~
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u

programme, it is also & time to revise the PCAC estimate of the quark~-condensate
cperators < 0[ ‘T'i wi[o >, i%yu,d,s which control the chiral symmetry breaking.
In fact, the well known PCAC results are
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ABSTRACT

where the quantities in the LHS are renormslization group invariant and have

We re-evaluate the quark condensate renormalization group invariant
no snomalous dimension, ¥, W 93.2B MeV end £y 1.161‘.’“ are the pion and

term (m +m,) < o ¥, b+ $i 1‘1|0 > 1 :d, 3, using QCD sum rules of the

k dec 1litudes which contrel the 7m + yv and K » uv decays. To our
Laplace transform type to two-loops. It is shown that the PCAC result is aon &y emp. u ay

1
knowledge, an appropriaste sum rule which is very sensitive to O Z~(m_+ m.)e
respected for the wu,d quarks but is violated by a factor 30 tc 4% for the * PRrOp M m, 5

. . < 0| 5. 9+ 9. ]J0> ,i*d,s is the sum rule related to the longitudinal
u,s quarks. Using the recent estimates of the invariant quark masses uu i Ti 2.1}
A ~ -~ -~ part of the exial-vector two~-point function D.{q" )"’ studied in BNRY [3]. In
m_  + my and "'m_+ m_, we extract beounds on the spontaneous masses "y, defined o 5
u b 8 1 fact D, (q } is a renormalization scheme dependent to lowest order of QCD,
to one loop as: 5

8o it ls convenient to work w.tn the superfirially nonvergeni function:

W9 = 2, %6

<ol ¥ w;lo> Q%) = (433)3. (log q/a)t8/(33-20) o0 5U(3); x SU(n)p.

(2)
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which obeys the unsubstracted dispersion relation:
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where tbs(t) is the two-point function associated to the pseudoscalar current
which is related to D (q ] by the Ward identity:

7’«2;6"/ = Fnpy - E), “

In the Nambu-Goldstone realization of chiral symmetry, the non-perturbative
effect to ws(o) is known to be:

= 2

’)(5)

£o) < - (™ +“’)<0/}" + EW 1> ,

Iu

vhere the RHS 1s given by eq. (1) if PCAC is uded. In the following we shall
derive an alternative estimate of ‘JJ (0) using the dispersion relation and
the QCD sum rules obeyed by D (q }. For the sake of simplicity, let's first
use the lowest order Qg])) expression of ws(q ) within the W5 dimensional

renormalization scheme Ueing eqs. 2 to b, saturating the spectral function

+
Ims(t)_ by the K-meson {K channel) -smd using the positivity of the
"eontinuum” contribution to the spectral function, we get the nalve inequality:

%.!.{.o) 2"4‘”[‘
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with 4 = v /8, = 12f83 - 2n) for SU(3); x SU(n)p (v; 22 and 8, = - }% +%

are respectively the first coefficients of the mass - anomalous dimenaion and
of the B-function).

(6)
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However, the naive constraint in eq. (6} can be improved, using the
QCD sum rules techniques [1,2,3]. A particulsr interest for us is the
Laplace tranaform sum rule discussed in ref. [3,4], which is cbtained by
applying to both sides of eq. (3) the operator:

A K “
L = ﬁ';/'w “4 coy™ 2. (7)
o
m-—:w ’5?{'”‘ =/ (2027
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Then, the Laplace transform of eq. {3) reads:

o _/— .
Fmy = L //n & Ry IR ®

The information on the RHS of eq. (8) can be improved by adding to the K-meson
contribution that of the continuum which is:

4
£nt) = o /# '%

where f' +2m  is the continuum threshold. Using the QCD model for
the contlnuum, one can analyticeally evaluste F (Hz) e.g. expanding
W Im#s(tﬂ;c) in the form of Taylor series.

i gﬁ#ﬁé} < (9
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From a practical point of view, we need the Laplace transform:
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where x = t/Ae. This cen be done in a suiteble way, once we use the master

formule given in ref [L]. After some slgebra:

(10)

Z d emt, g
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Using the QCD expression of F(H?') and F (Mz) to two loops and including the
leading non-perturbative effects, the improved Laplece transform version of

eq. (6} reads: 3}

.
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with ) us(Msz = Tog /R * ™ and m,  are respectively the inveriant

M
i
and running jquark masses in ine M8 scneme at the two-loop level, Yp T 0.5772
- = oo2 19 LSRR
15 the Euler constant, 9"_/ T + 1z n and s 35 T 18 n for

Su( 3} o SU(njF The leading non-perturbative effects are controlled by the
vacuum expectation valuea < 0|\Ja wi]O > and a_< O|quv6 a)|0 > ., The

recent estimate [7] via charmonium sum rules gives:

L et> =(0.049 2078 ) gav?,

a. 006
The quark condensate contribution is left as a free parameter, but we assume

for convenience ): < wu wu > < ws 1];5 > , so that we rewrite to a first

approximation;

bov s (e B)<BED = - J R0,

(M; ,;_ (

The above term will however improve the estimste of w5(0) by & correction

practically negligible. We use as input in eg. (12) the invarient mass ?i

3=

cbtained in ref [U4] and the values of Aﬁ A 70 210 MeV cbtained in ref (8]
from the uses of the QCD sum rules to the iscvector part of the e+e" + Hadrons
data (note that small values of &g correspond to higher values of m as
shown in ref [4]1). The shape of wS(O) against M2 for various ?

P I,

m = m, + m and the consistent values of AM-S- ig given in Fig. 1| for twe
flavours. He optimize the estimate of IPS(O) by demanding that the continuum
contribution to the speetral function 18 less than 10% in order to Justify the
K-meson dominence. We ask alse that the QCD corrections to the lowest order
expression is less than 4O%. Such conditions are obtained for MzQM.K, i.e.
at the value of M around the }meaon mass. Then, we deduce our optimal

estimate: 5)

_3 2 34
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which is significantly smaller then the PCAC estimate:
? -3 ¥
ﬂn/ » EF 4 GeF . (15)
Pcac

In the = - channel, the natural scale .f cptimization is M (see e.g. ref 4).
At this value of M, the PCAC estimate of Oﬁ '32ff mi is chtained from
eq. (12) with a 5% of sccuracy due to the smallness of the # and u, 4
masses. Let's Introduce the renormalization group invariant operators /u\i
of BNRY, which to the one-loop of QCD is defined by

)
—_ 3 F3-4n
<olY-Yilep = (’//“\*) (’Zc? %) ’ > (16)

and let's use the recent estimates of the sum of invariant quark mass values

/ut. [4]; we cen deduce from egqs. (14) and (15), assuming A“u'\-'/"'\d (SU(E)F

symmetric vacuum):
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The sbove results indicate that the chiral SU(B)F symmetry relation
/aua?dkﬁ\s could be realized though +the PCAC relation is highly broken for
the case of the s~quark.

heavy quark could easily be done. However, we still need mgre precise information

An extension of the above discussion tc the case of

on the heavy pseudoscalar meson decay amplitude analugeus to f .
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FOOTNOTES

1) In this paper, we shall follow the Dotation and normalization of
BNRY in ref [3].

2) For s recent review of dimensional renormalization applied to QCD,
see e.g. ref [6] and references therein.

3} We shall still conserve the inequality sign due to the positivity
contribution of the radial excitation of the K-states to the spectral
function.

4} The reader must note that the comtribution of the < ¥ ¢ > term %o

the RHS of the sum rule is smaell at the velue of Ma which we
chogse for our optimization, so that our assumption < Euvbu> =< Es*s’

does not affect in a crucial way our estimate of 1;5(0).

5} Note that in our conditions of optimization, the imequality sign in
Eq. 12 can be considered as an estimate. In fact, there is no experimental
evidence of low mass orbital excitaticns of the K-meson which could
notably inerease the value of 0;.

&) In preparing this paper, we have been informed by N.S. Craigie of the
recent work in ref [9] where the authors diascuss the =« O[Eiwi IO >
term 1 = u, 4 within the framework of &QCD sum rules applied to the
vector and tensor cyrrents. However at their choice Mng2 s the
contribution of the next non-leading logarithms and higher tfrist
cperators to thelr estimate could be important.
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