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Introduction

In this paper, we continue to investigate the low-energy properties of the lightest trans-
versely polarized mesons with quantum numbers Jpc = 1 (p), l+~(6i) in the framework
of QCD sum rules (SRs) with nonlocal condensates (NLCs). This work was started in
[8] where the "mixed parity" NLC SR for the light-cone distribution functions of both
p- and 6]-mesons was constructed. It was concluded that to obtain a reliable result we
should reduce model uncertainties due to the nonlocal gluon contribution. Different SRs
for each parity could be preferable for this purpose. As a first step, to obtain twist 2
light-cone meson distributions, we concentrate on the meson static properties using the
"pure parity" NLC SR for each meson separately:

1) we re-estimate the leptonic decay constants ffn for transversely polarized p(770),
p'(1465)-mesons ( I " ) and the &i(1235)-meson (1+-) [4];

2) we correct the previous consideration by Belyaev and Oganesyan (B&O) [2] and
provide a new estimation for the vacuum tensor susceptibility (VTS) introduced in [5, 6].

The static characteristics, the decay constants /j£ and "continuum thresholds" sm

(parameters of phenomenological models for spectral densities) of the lightest transversely
polarized mesons in the channels with JPC — 1~~ and l+~, are tightly connected with
the value of VTS. Namely, the difference of the meson properties in these channels fixes
the non-zero value of VTS: in a hypothetical Nature, e.g. , where the properties of these
mesons are the same, VTS is identically equal to zero. For the reason that these meson
constants should appear in VTS in a form of a difference, we have to define them more
precisely and in the framework of a unified approach.

The method of NLC SRs was successfully applied for the determination of meson
dynamic characteristics (light-cone distribution functions, form factors, see, e.g. , [8, 9]
and refs therein). One of its basic components is a non-zero characteristic scale, A,,
of quark-gluon correlations in the QCD vacuum [9]. This parameter fixes the average
virtuality of vacuum quarks which flow through vacuum with the momentum kq, (&2) =
A2 w 0.4 - 0.5 GeV2 [10], this value is of an order of hadronic scale, m2 « 0.7 GeV2,
and is of importance in the calculations ' . This approach can improve the stability and
accuracy of SRs even for the case of decay constant determination where the NLC effect
is of an order of the radiative correction contribution. Therefore, we revise their values
in pure parity NLC SRs, despite the presence of different estimations for these quantities
in literature [7, 2, 8].

The source of the above-mentioned difference of meson properties is the peculiarity
of four-quark condensate contribution to the "theoretical part" of SRs. This contribu-
tion is invariant under the duality2 transformation in contrast to all other condensate
contributions which change the sign under the same transformation. This peculiarity of
four-quark condensate contribution will be considered in detail.

The plan of presentation is the following: firstly, we discuss the QCD SR approach
to investigation of the 4-rank tensor 2-point correlator for transversely polarized p-, p'-
and 6i-mesons. Then, we define the duality transformation and draw its consequences for

'Note here that quite recently the nonlocal character of the quark condensate has been confirmed in
the lattice calculations [11], where an attempt to estimate A, was made.

2Wc are grateful to O. V. Teryaev who involved us in an investigation of this transformation and
suggested this name for it.



the constructed SRs. Finally, we derive a new estimation for the QCD VTS and nudeon
tensor charges and discuss what is wrong in the consideration of [2],

Decay constants of transversely polarized
(JPC = 1~, l+")-mesons

We start with a 2-point correlator of tensor cvirrents J '" '(i) = ri,(x)o"'/"rf(:r).

U^^(q) = j dAx e1"'x{0|T[J'i''+(.x)Jai9(0)]|0>. (1)

(Note here that due to isospin symmetry this is the same correlator which was studied
in [2].) This correlator can be decomposed in invariant form factors FIj.. [1. 7]

w<a0{q) = n_(9
2)pr ; n" + n+(q

2)prali (2)

where the projectors Pl2 are defined by the expressions

pra0 = ^ [ A V - am?<? - 5"YV + ̂ VV] ; 0)

#T ; a" = \ [g^g"0 - g"0g"n] - Pra0, (4)

which obey the projector-type relations

(Pi • PjYKal) = p('^TppaB = 5x]Pral> (no sum over i), PT'11" = 3.

Then, for the form factors Yl±(q2) it is possible to use dispersion representations of the
form

± f/ = - /
•n Jo

p±(s)ds
+ subtractions .

which after the Borel transformation (with Borel parameter M2) become

P±(s)e-'^ds . (5)

A phenomenological model for the spectral density /?I)hen(.s) is usually taken in the form
of "lowest resonances -+• continuum"

p|hetl(S) = ±2* \flf s • 6(s - ml) + &en(s)9(s - ,s±) , (6)

where fjn and mm are the decay constants and masses of the lowest meson resonances.
m = p, p', bi, contributing to the correlator of interest, and p±crt(s) are the corresponding
spectral densities of perturbative contributions to the correlators U±(q2). The decay
constants are defined via the parameterization of the unit helicity (|A| = 1) states of p-,
p'- and b\ -mesons

(0 \u(x)aiu,d(x)\ p+{p, \)(p'+)) = ifjj (etl(p, \)pv - ev{p, A);V) ; (7)

{0\ii{x)allud(x)\bt{p,X)) = fb%un0e
a(PA)Pfl , (8)



hero c''{p, A) is the polarization vector of a meson with momentum p and helicity A. To
construct SRs, one should calculate OPE of the correlators BI1±(M2)

We perform those calculations in the approach of QCD SRs with NLCs (see [8]), where the
coefficients a±,b± become functions a±(M2), 6±(M2) of the Borel parameter M2 which
tend to their standard values for large M2, M2 » A2,, e.g. , 6± = lim b±(M2). The

(A*/M2)->0

functions a±(M2),b±(M2) can be considered as accumulating an infinite subset of the
standard condensate (A2/M2V-contributions [9] in OPE. All needed NLC expressions are
given in Appendix A, while the standard coefficients a±,b±, corresponding to the limit
A2/A/2 —> 0, are explicitly written below. Their values are in full agreement with the
preceding calculations performed in [1] and [7]

(±2)'

1 L -16 + 80 + 144 208
(=2)*- = 81 = IT
_L_ _ -16 + 80-144 _ -80

*+ ~ 81 ~ 81

Here \_L is the renormalization scale (p? ~ 1 GeV2) and the coefficients listed in the central
parts of the last two lines correspond to the vector (<nmg), quark-gluon-quark {qG^q)
and the four-quark {qqqq) vacuum condensate contributions (see details in [9]). We write
down these coefficients explicitly in order to reveal the discrepancy between our results
and those obtained by B&O [2], who found, instead, in the last line

- 1 6 - 4 8 - 1 4 4 _ - 2 0 8
81 ~ ~ 8 l ^ '

a result larger than ours by a factor of 2.6. We conclude that in [2] there is a wrong
contribution due to the quark-gluon-quark vacuum condensate.

Collecting all parts (5), (6), (9) together, one obtains the following SRs:

f^ j ^ (15)
Tho role of NLC, concentrated in a±,b±(M2), is important here, i.e. , at M2 ~ 0.6 GeV2

the total condensate contribution in the SR reduces twice in comparison with the standard
(local) one. The processing of these NLC SRs within the validity window M2 < M2 < Ml



(see details in [3, 8]) with the standard values of vacuum condensates (see Appendix A)
gives 3:

fj = 0.159(0.170) ± 0.005 GeV, fj, = 0.176 ± 0.005 GeV, s'pp, = 3.58 GeV2; (16)
fl = 0.186(0.178) ± 0.005 GeV, s'bi = 2.93 GeV2. (17)

Very stable curves in wide validity windows have been obtained for all of these quantities.
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Fig. 1: The curves of fj in M2; the solid line corresponds to NLC SR with the
p'-meson taken into account; the dashed line corresponds to the standard SR
without //-meson, the arrows show the thin validity window for this case; the
short-dashed line corresponds to B&B analyses at the same conditions.

The curve corresponding to fj in M2 is shown in Fig. 1 (solid line) in comparison with
the result of the standard approach without //-meson (dashed line). For the first case,
the validity window expands in all the region (0.55 — 1.4) GeV2 while for the latter case it
shrinks to the thin region denoted in figure by the arrows Mi_ and M\. We demonstrate
on the same figure the curve for fj (short-dashed line) obtained in [7] by Ball and Braun
(B&B) in the framework of the standard approach, the same arrows denoting its real
"working window". Note here that processing B&B SR just in this thin working window
results in a curve very similar in shape to the upper dashed one with the average value
_fp = 0.175 GeV. So, we can conclude that our improved SRs (14) (15) are really justified
and produce reliable and stable results.

All the results obtained by processing "pure parity" (14, 15) and "mixed parity" NLC
SR [8] are collected in Table 1, in comparison with the previous results in [7, 2],

It is interesting to note that in spite of the discrepancy in the OPE coefficients, the
authors of [2] obtain for /^ a value of 178± 10 MeV which is quite close to the value found
by B&B [7]: 180 ± 10 MeV. This compensation effect happens due to the fact that, both

3To provide a clear comparison with the results of B&O, who do not take into account p'-meson
contribution, condensate nonlocality and Q5-corrections in the perturbative spectral density, we write
down the results of processing our SRs in the same approximation in parentheses.



groups of authors used different sets of the condensate input-parameters in the SR and this
resulted in approximately the same overall contributions of the quark condensate: B&B
had {\b+)-Kab{qq? = -4.22 10"" GeV6: and B&O, (§&+)7ras<g<j)2 = -4.92 1(T4 GeV6,
see Appendix B.

Source

/J[MeV]

/J[MeVJ

•V [ GeV2]

Si [MeV]

sbl [ GeV2]

"pure parity" SR

based on n T ( - for p, + for bj)

Here

159(5)

176(5)

3.6

185(5)

2.93

B&B [7]

160(10)

-

1.5

180(10)

2.7

B&O [2]

-

-

-

178(10)

3.0

"mixed parity" SR

based on (II_ - n+)/q2

Here4

166(6)

-

1.5

179(7)

2.93

B&B [7]

163(5)

-

2.1

180fi"d

2.1

Table 1. Estimates for decay constants fT of transversely polarized p(770), p'(1465)
and 6i(1235)-mesons based on processing QCD SRs in different approaches.

Duality and its breakdown

Let us consider now an operator D transforming any rank-4 tensor Tl"/'at> to another
rank-4 tensor T^'a/} = (DT)^-0"3 with

fits

4 "
and D2 = 1. (18)

Our projectors P^"'"11 and P£"'afi under the action of this operator transform into each
other

(DP^0 prn"(Mp' prali

whereas the correla'tor W"'"13(q) transforms into the correlator of dual tensor currents

>ali{q) = f < (20)

There is a good question: how are U'w'nft{q) and (Dn)"";"/J\q) connected?
In perturbative QCD with massless fennions, taking into account the standard
rnutations, one easily arrives at

(21)

4The estimates presented in tliis column liave boon obtained by processing the "mixed parity" SR
established in [8]. We improve the model for phenomenological spectral density using the features of
phenomenologicai spectral densities of "pure parity" SRs.



from which it follows that ITf̂ ." (g) is anti-self-dual. The same (anti-dual) character is
inherent in the phenomenological models, see Eq. (6).

The same reasoning is valid almost for all OPE diagrams, those with a gluon conden-
sate, with a vector quark condensate, and with a quark-gluon-quark condensate. Only
the diagram with four-quark scalar condensates is different (see Fig. 1): in that case there
are 2 7-matrices on one line between two external vertices (1 from the fermion propagator
and 1 from the quark-gluon vertex) because the scalar condensate cancels one 7-matrix.
Thus, we realize that the OPE contribution involves two parts, one being anti-self-dual
(ASD) and the other one self-dual (SD)

= ASD"":a<»(c?) + SD""iO"(<y) , (22)
;a%/} = nASD(r/2) (Pj"" ;""- P ^ " " ) , (23)

(q) = TlSD(q2) (p'"/;Q/s + P f ' ; ^ ) . (24)

The appearance of the SD-diagrams breaks the anti-duality of the two correlators W{q)
and (DU).

Fig. 2: Diagram with insertion of four-quark condensate.

We can rewrite formulae (22) (24) to obtain the following representation for the OPE-
induced part of correlator:

ngggfa) = prali [nSD(</2) + n A S V ) ] + pra/} [ n s V ) - nA S IV)] . (25)
As a simple consequence of this representation we have a useful relation

= 6 n S % 2 ) • (26)

Using relations (23) (24), one can easily calculate the OPE coefficients for different
diagrams. For example, let us consider the {<|G7/)-condensate and its contribution to the
coefficient b±. Indeed, we know that, this contribution is of the ASD-type, that is

r<lw\aP __ / 2\ (ptwl) pW*P\
n(QGq) — C[-'l I V 1 ~ * 2 ) •

Therefore, for a light-like vector z, one has



This quantity reduces to the linear combination of {qGq}) condensate contributions to
the correlator for vector currents (see [9, 8]). In this way, we get the formula

-320(9 -z)2 . . ,

from which we then obtain the fraction 80/81 appearing in Eqs. (12)-(13).
If ST>^.ap(q) = 0, then we would have the same SRs both for fh and 61-mesons. We

process this hypothetical SR and obtain the following values for the low-energy para-
meters of a hypothetical pbi -meson in Anti-Dual Nature (without a5-corrections in the
perturbative contribution):

mpbi = (0.865 ± 0.030) GeV ; fpbl = (0.162 ± 0.005) GeV ; spbl = 1.58 GeV2 . (27)

We see that the mass and the decay constant of the p-meson are not so much affected by
this (anti-)duality breakdown (10% for the mass, cf. (16)). The case of the ̂ -meson is
quite opposite. Here the mass falls down to 50% (the decay constant, to 10%, see (17)).
This seems to be quite natural. In the case of the /p-meson, the deformation of the
SR is large (the quark condensate contribution is enhanced by a factor of 3.25), but its
functional dependence on the Borel parameter M2 is almost the same. This is not the
case for the &i-meson. The deformation of the SR due to the opposite sign of the quark
condensate contribution is essential and this results in such a large effect for the mass of
the 6i-meson.

QCD vacuum tensor susceptibility

The QCD vacuum tensor susceptibility \ n a s been introduced in [5, 6] in order to analyze,
in the QCD SR approach, the nucleon tensor charges <$ and gtf- It is denned through the
correlator (1)

Wi nx{q2) - wv'^{q2) • (28)

He and Ji [5] obtained for Ux(0) the value

—nx(0) w 0.002 GeV2 . (29)

Here we estimate the nonperturbative part of Ux (0), II"p- (0), following the trick suggested
in [2, 12] based on the dispersion relation

1 f00 op^en(s) — pper t(s}

where pphe"(s) and pp e r t(s) are the corresponding spectral densities. The models and
parameters of these densities are in turn the subject of QCD SR.

Substituting the decomposition (2) in (28) and using the relation (26) we arrive at the
relation

n ^ 2 ) = 3 (n+(?
2) + n_(g

2)) = 6 nS D(?
2) , (31)

7



which clearly demonstrates that n " p ' is formed by the SD part of OPE. i.e.. , by the
four-quark condensate contribution. Using the phcnomenological models for spectral
densities p±(s) in (6) and the relation (30), the value of ITX(O)"'P' can be expressed in
terms of mesonic static characteristics,

h) ~ ( / ) 2 ~ ( ^ ' ) S J ^ = - 0 . 0 0 6 8 ± 0 . 0 0 1 5 G e V 2 , ( 3 2 )

presented in (16)-(17). So, just this combination accumulates the effect of the four-quark
part of the whole condensate contribution. If we return to the example of anti-dual Nature
(see the end of the previous section, (27)) where this contribution is absent, we obtain
the exact cancellation in (32), i.e. n^n-p-(0) = 0.

B&O in [2] have used the specific representation that leads to the decomposition

where Ui(q2) = |n+(</2) and q2U2(q
2) = | (n_(g2) - Yl+(q2)). Erroneously suggesting

that
lim u/2n2(g2)l = 0 they concluded that

q2—>0 L J "

—nx(0) = n"p(0) = (f'ff - ~^~ -0.008 GeV2 . (34)

But we see from our analysis that the value of (FI_(g2) — n + (q2)) is identically equal to
0 only in an absolutely self-dual world, which is definitely not realized in QCD

H z W - n + ( ° ) = ^ ± £ i i _ ( /T)2 _ ( /T)2 _ ( / T ) 2 = _ 0 _ 0 0 7 6 ± 0_0 0 3 G e y 2 _ ( 3 5 )

This value is comparable with the value of the B&O estimate (34) for n"'p '(0) and should
be definitely taken into account. Comparing two estimates, our (32) and B&O (34), one
sees a rather small deviation from one another. It should not be taken by surprise because
radiative corrections significantly reduce the B&O value to n"'p '(0) ~ —0.003 GeV2. For
this reason the actual magnitude of our total correction to this estimate is of an order of
100%.

Finally, let us briefly discuss the effect of our estimate of VTS on the nucleon tensor
charges. Here we follow to pioneering paper by He and Ji [6] where those charges were
roughly estimated using two types of SRs. Our result (32) increases the lower (decreases
the upper) boundary for the g!j, (g'j,) charge approximately by a factor of 1.5:

(j!j. = 1.50 ± 0 . 7 ; (36)

.4 = 0.023 ± 0.006 . (37)

(The results of He and Ji <# = 1.33 ± 0.53 and g* = 0.04 ± 0.02 have been obtained
for too low. in our opinion, value of AQCJ) = 100 MeV. We, instead, use the value of
AQCD = 250 MeV.)
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Appendix

A Expressions for nonlocal contributions to SR

The form of contributions of NLCs to OPE (9) depends on a model of NLC. At the same
time the final results of SR processing demonstrate stability to the variations of the NLC
model provided the scale of the average vacuum quark virtuality A2 is fixed. Here we use
the model (delta-ansatz) suggested in [9] and used extensively in [8]; the model leads to
Gaussian decay for scalar quark condencate 5, (q(0)E(0, z)q(z)) ~ (qq) exp (-\z2\X2

q/&)
(sec details in [9]), dominated in b± via 64. In this model we obtain the "coefficients" for
OPE in the SR (14-15)

^ ^ = 6 2 ( A / 2 ) + ( ) 3 ( M 2 ) ± f t 4 ( M 2 ) , (A.I)

where b2 corresponds to the vector ((<nWi<7)), 63 to the quark-gluon-quark ((qGllvq)) and
hi to the four-quark {(qqqq)) vacuum condensate contributions (here A = A2/(2/l/2)),

b2{M2) = - 1 6 ; (A.2)

(A,)

The gluonic contribution a± coincides in this model with the standard expression (11).
For quark and gluon condensates we use the standard estimates

(-G2) = 1.2 • 10~2 GeV , (-J^lqq)2 = 1.83 • 10~' GPVK . (A.5)

\ (M ~ 1 GeV ) = ——- = — « 0.4 ± 0.1 Ge\ . (A.6)

B Input parameters in B&B and B&O papers

Both groups of the authors of [7] and [2] used different definitions of initial parameters for
processing the SRs. Namely, B&O used the following set of values (without any indication
011 the scale at which renormalization non-invariant quantities are determined):

a, RS 0.17T = 0.314 , 4n2(qq) = -0.55 GeV3 , {-/ohqq)2 « 0.61 • 10 ' GeVB . (B.I)

whereas B&B6 (on the scale ft2 « 1 GeV2)

«, = 0.56, (qq) = (-0.250)3 GeV3 , (s/^lqq)2 ~ 137- 1Q-1 GeV11 . (B.2)
5Herc E(0,z) = Pcxp(t Jo" dttiA"t(t)Tn) is tlic Scliwingor phase factor required for gauge iiivaiiancc.
6Lct us remind that the standard value is {^/alqq)'1 =s 1.83 • 10"'1 GeV6 [3j.

9



This resulted in approximately the same overall contributions of the quark condensate in
both papers, see the end of Sect. 2.
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QCD Vacuum Tensor Susceptibility
and Properties of Transversely Polarized Mesons

We re-estimate the tensor susceptibility of QCD vacuum, x, and to this end,
we re-estimate the leptonic decay constants for transversely polarized p-, p'-
and fr, -mesons. The origin of the susceptibility is analyzed using duality between
p- and bt -channels in a 2-point correlator of tensor currents. We confirm the re-
sults of [1] for the 2-point correlator of tensor currents and disagree with [2]
on both OPE expansion and the value of QCD vacuum tensor susceptibility. Using
our value for the latter we determine new estimations of nucleon tensor charges re-
lated to the first moment of the transverse structure function h{ of a nucleon.

The investigation has been performed at the Bogoliubov Laboratory of Theo-
retical Physics, JINR.
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Бакулев А.П., Михайлов С В . Е2-99-220
Тензорная восприимчивость КХД вакуума
и свойства поперечно-поляризованных мезонов

Мы определяем тензорную восприимчивость КХД вакуума % и оцениваем
для этого лептонные константы распада для поперечно-поляризованных р-, р'-
и £>, -мезонов. Анализируем происхождение вакуумной восприимчивости,
используя свойство дуальности р- и £>, -каналов у двухточечного коррелятора
тензорных токов. Подтверждаем результаты, полученные для этого корреля-
тора ранее в [1], и указываем ошибки работы [2], допущенные как в коэффи-
циентах операторного разложения, так и при оценке тензорной восприимчи-
вости. Оценив величину последней, уточняем ограничения для нуклонных
тензорных зарядов, связанных с первым моментом поперечной структурной
функции /г, нуклона.

Работа выполнена в Лаборатории теоретической физики им. Н.Н.Бого-
любова ОИЯИ.

Препринт Объединенного института ядерных исследований. Дубна, 1999
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