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Sum rule of superconvergence type for parity violating amplitudes(p.v. analogue of Gerasimov-Drell-Hearn
sum rule) is discussed. Elementary processes initiated by polarized photons in the lowest order of electroweak
theory are calculated as examples illustrating the validity of the p.v. sum rules. The parity violating polarized
photon-induced processes for the proton target are considered in the frame of effective low energy theories and
phenomenological models based on p.v. nucleon-meson effective interactions. Assuming the saturation of p.v.
sum rule, bounds on the range of parameters, poorly known from existing experimental data and used in these
models, are found. The asymmetries for p.v.p0 andp+ production are discussed. It is argued that verification
of the sum rule in future high intensity polarized photon beam experiments is feasible.
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I. INTRODUCTION

The GDH sum rule[1] is recently intensively measured
[2,3] and considered as a clean and important test of the
knowledge of the nucleon spin structure, especially in the
resonance region[4]. The rising interest in GDH(and itsQ2

dependence generalization) and more generally in the spin
structure of nucleon has started with the new generation of
precise spin experiments[5,6]. First direct data for real pho-
tons taken at MAMI[3] are especially important in under-
standing the subject, new data at higher energies are now
available and expected in the future from ELSA, GRAAL,
JLab and Spring-8[7–9].

The experiments based on intense polarized beams of
photons[3,10] give also the opportunity to test the weak
(parity violating) part of photon-hadron interactions. The
knowledge of p.v. couplings in nucleon-meson and nucleon-
nucleon forces is a very important point for understanding
the physics of nonleptonic weak p.v. hadronic interactions. In
addition the grp and gDN p.v. couplings, very poorly
known, can also play a role in photon-induced reactions.

It was shown in paper[11] that the polarized photon
asymmetry inp+ photoproduction near the threshold could
be a good candidate to measure p.v. pion-nucleon coupling
hp

1. Similar expectations are connected with the low energy
Compton scattering[12,13]. Let us mention here that thehp

1

coupling has been measured in nuclear[14] and atomic[15]
systems. However, the extraction ofhp

1 from such experi-
ments is difficult due to poor understanding of many-body
systems. In fact, the disagreement between18F and 133Cs
experiments is seen[14,15].

The experimental observation of p.v. effects in photonic
reactions is generally difficult because the expected asymme-
tries are very small. However, it seems sound to expect that
the new high luminosity machines, generating intense polar-
ized photon beams can change the situation in the nearest
future [11,16,17]. Having this in mind a set of sum rules for

parity violating part of Compton amplitudes has been re-
cently derived by one of us(L.L.) [18]. In particular, p.v.
analogue of GDH sum rule for the asymmetric amplitude,
based on low energy theorems[19] and under assumption of
superconvergence of type,fszd /z→0 at infinity, has been
formulated there. In the past a number of superconvergence
type sum rules for parity conserving Compton scattering
(one example of which reduces to GDH sum rule) has been
obtained and discussed[20–22]. The superconvergence rela-
tions have been also studied in detail in the very general
context of axiomatic local field theory and its analyticity
properties[23].

In this paper we shall discuss p.v. analogue of GDH sum
rule having in mind possible phenomenological implications.

The general formulas exploited in the paper and the satu-
ration hypothesis for p.v. sum rule are discussed in Sec. II. In
Sec. III the models of p.v. low energy photon-proton inter-
actions [i.e., heavy baryon chiral perturbation theory
sHBxPTd [13,24] and low energy phenomenological models
[25–28]] are briefly described. Assuming the saturation for
p.v. sum rule(similar to observed quick saturation in GDH
integral) we are able to narrow down the allowed values of
the p.v. photon-meson and photon-D-nucleon couplings
(poorly known) and select the models with small high energy
contributions(Sec. IV). For these selected models, the en-
ergy dependence of the asymmetries for pion photoproduc-
tion is calculated according to approach proposed in[25]. In
the same section it is shown that measurement of the photon
energy dependence of the asymmetries from threshold up to
energy large enough to saturate p.v. sum rule(saturation en-
ergy) allows to distinguish between the different models
which obey quick saturation feature. We conclude the paper
with Sec. V.

II. GENERAL FORMULAS AND
THE SATURATION HYPOTHESIS

Let us consider p.v. Compton amplitudes. For polarized
photons scattered off unpolarized targets the following
(crossing-antisymmetric) dispersion relation holds[compare
Eq. (3.18) in [18]]:
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Re fh
s−dg =

v

p
PE

vth

` v8

v82 − v2ssh
T − s−h

T ddv8 + ssubtr.d, s1d

wherev is the photon energy in laboratory system.fh
s−dg and

sh
T are amplitude and relevant total cross section averaged

over target particle spin, respectively;h indicates photon he-
licity eigenvalue.

It was pointed out in[18] that the assumption of super-
convergence for amplitudefh

s−dg [i.e., no subtractions in Eq.
(1)]:

U fh
s−dgsvd

v
U

v→`

→ 0, s2d

together with the low energy theorem(LET) [19] leads to the
p.v. analogue of GDH sum rule[once the limitv→0 is taken
in unsubtracted form of Eq.(1)]:

E
vth

` sh
T − s−h

T

v8
dv8 = 0. s3d

In the paper we consider 1/2 spin targets and in this case
Eq. (3) is equivalent to

E
vth

` ss1/2,+
T − s1/2,−

T d − ss−1/2,−
T − s−1/2,+

T d
v8

dv8 = 0, s4d

where ±1/2 denotes target spin projection on photon’s mo-
mentum and ± denotes photon’s helicity.

The parity conserving(p.c.) GDH sum rule has been ob-
tained by Almond[29] and, neglectingT-violation, it reads

E
vth

` ss1/2,+
T − s1/2,−

T d + ss−1/2,−
T − s−1/2,+

T d
v8

dv8 =
4p2a

m2 k2,

s5d

wherek is the anomalous magnetic moment.
Equations(4) and(5) are equivalent to the following pair

of GDH sum rules:

E
vth

` s±1/2,±
T − s±1/2,7

T

v8
dv8 =

2p2a

m2 k2. s6d

Let us emphasize that only if the p.v. sum rule(3) is true,
the sum rules(6) become equivalent and identical with p.c.
sum rule(5). In such a case the photon momentum direction
can be ignored and sum rules(6) reduce to standard form of
GDH sum rule used in literature.

In contrast to the nonzero contribution to standard GDH
integral in higher order of perturbation theory, the integrals
in p.v. sum rules(3) should be zero at any order of pertur-
bation theory. The photon-charged lepton reactions have
been studied in the past in the frame of electroweak theory.
The contribution to GDH sum rule from the processes medi-
ated by weak bosons in the lowest order of perturbation
theory has been calculated in[30] and found to be zero.
Quite recently it was shown in[31] that GDH sum rule for
the electron evaluated at order ofa3 agreed with the
Schwinger contribution to the anomalous magnetic moment.

As illustrative examples of the elementary parity violating
processes we have calculated cross sections in Born approxi-

mation for three different inelastic polarized photon scatter-
ings off lepton targets: the photon-neutrino reaction intoW
boson and electron, the photon-electron reactions into neu-
trino andW boson and into electron andZ0 boson produc-
tion. The calculations of cross sections have been done using
FeynArts 3andHighEnergyPhysics(HEP) [32] packages.

We have verified that p.v. sum rule(3) is satisfied
both for sng

T =sng→eW and seg
T =seg→nW+seg→eZ. In

considered Born approximation stronger results hold,
namely the integrals evth

` fss1/2,+−s1/2,−d/v8gdv8 and
evth

` fss−1/2,+−s−1/2,−d/v8gdv8 are zero separately for all the
considered processes in accordance with the results of Ref.
[30].

The behavior of the differences of cross sections as a
function of CMS energy is presented in Fig. 1. It is seen in
Fig. 1 that the saturation of the p.v. sum rule requires the
high energy contribution because the convergence of the dif-
ferences of the cross sections to zero is slow.

On the other hand, one of the most interesting features of
GDH sum rule for nucleon targets is a quick saturation of the
GDH integral. The dominant contribution(about 90%) to the
GDH sum rule comes from the photon’s energy range from
the threshold up to 0.55 GeV[2,3,7,8]. The saturation hy-
pothesis in analogy with the feature observed in the GDH
sum rule, is an important point in the analysis presented in
Sec. III. Therefore we are now going to formulate the crite-
rion of the saturation of integral in p.v. sum rule(3). It is
relatively easy to define the saturation when the integral in
the sum rule has non zero value, as it is in the case of GDH
sum rule where the value of integral is determined by the
anomalous magnetic moment of target particle. However, the
problem appears when the integral in sum rule should be
zero. Below we shall formulate the saturation criterion valid
for both situations. Given any superconvergence sum rule of
the form

FIG. 1. The difference of the polarized photon cross sections
s+−s− and unpolarized cross sections as a function of CMS en-
ergy for the reactions:ge→Z0e (solid line), gn→We (dotted line,
multiplied by factor 0.1), andge→nW (dashed line, ins+−s− mul-
tiplied by factor 5).

K. KUREK AND L. LUKASZUK PHYSICAL REVIEW C 70, 065204(2004)

065204-2



a =E
vth

` Dssv8d
v8

dv8, s7d

we define the quantityF:

Fsvd =
I0

I1
, s8d

where

I0 = Ua −E
vth

v Dssv8d
v8

dv8U s9d

and

I1 =E
vth

v uDssv8du
v8

dv8. s10d

Requirement thatFsvd does not exceed the prescribed
small value atv=vsat determines the saturation energy. The
usefulness of such definition of saturation is based on the
assumption that there is no large contribution to the integral
from photons with energies higher thanvsat.

For the GDH sum rule on proton, where the experimental
data [3,7] exist we can estimatevsat to be 0.55 (i.e.,
Esat/Eth=1.5 in CMS) for Fsvsatd=0.1.

As there are no experimental data for p.v. sum rules on the
proton we shall use the valuesvsat=0.55 andFsvsatd=0.1 in
the discussion of phenomenological consequences(Sec. III).

III. PROTON TARGET: THE MODELS OF P.V. LOW
ENERGY PHOTON-PROTON INTERACTIONS

In this section we shall discuss two different approaches
to p.v. low energy photon-nucleon interactions. We begin
with p.v. Compton amplitude on proton calculated in the
frame of HBxPT [12,13,24]. According to [13] the p.v.
Compton amplitude can be written in CMS as follows:

Mhf,hi

s−dsf,siskW,k8W d = Nsf
fF1sW · skŴ + k̂W8deW i · eW f8

− F2ssW · eW f8kŴ8 · eW i + sW · eW ikŴ8 · eW f8d

− F3kŴ · eW f8kŴ8 · eW isW · skŴ + kŴ8d

− iF4eW i 3 eW f8 · skŴ + kŴ8dgNsi
, s11d

so that

f1/2
s−dp = 2F1, s12d

fh=+1
s−dg = − 2F4. s13d

To discuss p.v. sum rule and the superconvergence rela-
tions the interesting quantity isF4, according to Eq.(13).
The calculations based onHBxPT analysis in NLO[13] pro-
vide the following value of coefficientF4:

F4
NLO = −

e2gAhp
1mn

8Î2p2MFp

Fv −
mp

2

v
arcsin2S v

mp
DG . s14d

It is easy to check that at high energies the real part of
F4

NLO/v converges to a constant so the superconvergence
condition(3) is violated. Therefore the p.v. sum rule(4) does
not hold.

A similar formula with 6 independent structure functions
Ai can be written for the p.c. Compton amplitude[13,33]. In
this case theHBxPT gives a similar result also forA3 for-
ward scattering amplitude. According to[33] A3 is equal to

uA3
NLOuU=0 = −

e2vkp
2

2M2 −
eegA

2

8p2Fp
2 Fv −

mp
2

v
arcsin2S v

mp
DG

s15d

which again violates superconvergence relation of the type
(3) as in p.v. case.

DiscussingHBxPT it is important to note the fact that the
spin-dependent p.c. polarizabilitygp,n (expressed by the in-
tegral similar to GDH integral but with higher power of en-
ergy in the denominator of integrand) essentially depends on
loop corrections and that the contribution from theD and the
lowest order result differs not only in the value but also in
the sign from result[34,35]. Thereforea priori it is not ex-
cluded that p.v. sum rule(3) might be satisfied if more cor-
rections were taken into account in the frame ofHBxPT. To
our knowledge there is noxPT based model for p.v. Comp-
ton amplitude, which obeys the superconvergence relation
(3).

Having this fact in mind we will consider an existing in
the literature low energy phenomenological model of pion
photoproduction based on so-called pole approximation and
effective Lagrangians[25] (compare also[36]) and[26–28].
The model discussed in[25] is relevant in the low energy
regime so we will limit ourselves to energies below 0.55
GeV. The upper bound on energy is high enough to discuss
and apply the saturation hypothesis as it was said in the
previous section. The contribution from the high energy re-
gion will be ignored for a moment, assuming that it is unim-
portant.

The detailed description of the approach can be found in
[25]. The asymmetries of the polarized photon cross sections
for p+ and p0 production are expressed by the sum of the
p.v. coupling constants multiplied by the relevant form fac-
tors (see Figs. 11–15 in[25]). In our calculations therNN
couplingsshr

0,hr
1,hr

2d, vNN couplingsshv
0 ,hv

1d andpND cou-
pling sfDd have to be taken into account. Forp+ production
the important contribution follows from p.v.pNN coupling
shp

1d. In addition, there are two extra contributions fromD
directly coupled to photon and nucleon(gDN coupling -m*)
and from the interaction between photon, pion andr meson
(grp coupling -hE). The last two parameters are directly re-
lated to the p.v. photon-mesons and photon-D-nucleon inter-
actions while the previous ones are related to the strong sec-
tor (p.v. meson-nucleon couplings).

The knowledge of the values of p.v. couplings is rather
limited; practically only ranges of values are known from
experimental data(for review of the situation see[27] and
references therein). On the other hand, the strong sector
meson-nucleon couplings can be calculated in different ap-
proaches and models as reviewed in[27]; we shall exploit
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these in the next section. Especially difficult situation exists
for p.v. gDN couplingm* andgrpshEd which are not given
in the models from[27]. Only quite large limits m* P
s−15,15d and hEP s−17,17d in units 10−7 can be given for
these, based on data analysis couplings.

The m* andhE couplings can be calculated if some extra
assumptions are added. The vector-meson dominance model
have been used in[25] to estimate the p.v.gDN coupling.
Neglectingv andf meson contributions and assuming that
p.v. rDN coupling is of magnitude similar to p.v.rNN cou-
pling the following relation has been formulated[25]:

m*

M
=

hr
0

grmr

. s16d

Taking gr equal to 0.434p (after [25]), them* .0.55hr
0 is

uniquely defined by thehr
0 coupling.

ThehE coupling can be calculated according to the analy-
sis described in[37]. Assuming so-called factorization[37]
and taking into account the present data[38] on the widths of
a1 and b resonances, their masses and couplings, the two
possible solutions have been found forhE:

hE , 103 10−7, hE , 1 3 10−7. s17d

The results are close to the ones obtained inSUs6dW based
calculations in[37].

In the next section the p.v. sum rule(4) together with the
saturation criterion will be used to select the models which
posses the quick saturation feature.

IV. PHENOMENOLOGICAL CONSEQUENCES
OF SATURATION

The p.v. meson-nucleon coupling constants calculated
from the flavor-conserving part of the quark weak interac-
tions are reviewed in[27]. The eight sets of numerical pre-
dictions for the p.v. meson-nucleon coupling constants, cal-
culated with different assumptions and models have been
summarized in Table I, taken from[27] (Table 1).

The predictions of the p.v. couplings depend on the
method of calculations(as in [27]). The strong effects are
partially incorporated in the meson’s and nucleon’s wave
functions and partially in bare quark interactions. This part of
strong interaction corrections manifests themselves via de-

pendence onK parameter(K=1 in the absence of correc-
tions) in effective quark interactions. The first three models
(DDH), are based on the calculations from[26]. Models 1
and 2 contain strong corrections characterized byK=6 range
parameter. The models 4–7(D) have been calculated in[28].
The models 4 and 5 are corrected for strong interactions
sK=3d while models 6 and 7sK=1d have no strong correc-
tions taken into account. The predictions for model 4 and 6
correspond to the factorization approximation used in the
calculations, while 5 and 7 are the results obtained assuming
the validity of theSUs6dW symmetry. The last set of cou-
plings (model 8, KM) is based onHBxPT calculations,[24].
hr

1‘ coupling, (originally listed in Table 1 in[27]) has been
omitted; in fact it is zero for all models except KM.hr

1‘ is not
used in our calculations as it does not enter in approach of
Henleyet al. [25].

The values of p.v. couplings listed in the Table I will be
used to verify the quick saturation feature in the approach
discussed in the previous section and in[25]. Them* andhE

couplings will be treated as free parameters in the range lim-
ited by the experimental knowledge:m* P s−15,15d and hE

P s−17,17d in units 10−7. The contribution related tofD pa-
rameter is very small in the considered approach; we have
fixed this coupling to be 10−7 after [25]. Taking the values of
p.v. coupling constants from Table I the differences of polar-
ized photon cross sections have been calculated and used for
an estimation ofF defined in Eq.(8). The saturation ex-
pressed by the conditionF,0.1 limits the allowed values of
m* andhE couplings.

Apart from the model 2 and the “best fit” model 3 from
DDH group, a quick saturation can be achieved for all other
models from Table I by limiting range of free parametersm*

and hE. The values ofm* and hE from Eqs. (16) and (17)
allow us to have the saturation property for models 4–7; the
model 8(KM ) with these values ofm* and hE has no satu-
ration.

It should be emphasized that the nonsaturating models(2
and 3) are characterized by large values ofhp

1. In conse-
quence, it is impossible to find any pair ofm* and hE cou-
plings in the allowed range to satisfy the saturation condi-
tion. This observation leads to the conclusion that for these
models some additional structure should be observed for

TABLE I. Predictions for the p.v. meson-nucleon coupling constants after[27]. All couplings are in units
10−7.

Model hp
1 hr

0 hr
1 hr

2 hv
0 hv

1

1. DDH, rangesK=6d; Ref. [26] 0.0 11.4 0.0 −7.6 5.7 −1.9

2. DDH, rangesK=6d; Ref. [26] 11.4 −30.8 0.4 −11.0 −10.3 −0.8

3. DDH, (“best”); Ref. [26] 4.6 −11.4 −0.2 −9.5 −1.9 −1.1

4. D, rangesK=3d; Ref. [28] 1.3 8.3 0.0 −8.2 −0.5 −1.8

5. D, rangesK=3d; Ref. [28] 2.0 −23.1 −0.3 −8.2 −10.6 −2.2

6. D, rangesK=1d; Ref. [28] 0.5 7.0 −0.2 −10.3 2.5 −2.0

7. D, rangesK=1d; Ref. [28] 0.4 −29.5 0.0 −10.3 −10.2 −1.1

8. KM; Ref. [24] 0.2 −3.7 −0.1 −3.3 −6.2 −1.0
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higher than 0.55 GeV photon energy[compare discussion
and Eq.(4.14) in Ref. [18]1].

Considering quick saturation as an universal feature re-
lated to the complexity of hadronic targets, the absence of
saturation can be treated as an argument against large value
of hp

1.
We are now going to discuss the experimental conse-

quences of the models satisfying quick saturation, i.e., thep+

andp0 p.v. asymmetries defined as

Apsvd =
s+

psvd − s−
psvd

2spsvd
, s18d

wherespsvd denotes unpolarized pion production cross sec-
tion andv is the photon energy in laboratory frame.

The energy dependence ofspsvd is the same for all the
considered models and agrees well with the experimental
data. It is shown in Fig. 2.

In Fig. 3 the pion photoproduction asymmetries as a func-
tion of energy are shown for the strong interaction corrected
model 5 based onSUs6dW symmetry. Thep+ asymmetry is
positive at threshold, large and negative at photon energies
close to 0.5 GeV. Thep0 asymmetry at threshold are nega-
tive and relatively large. The saturation limits the parameter
space(hE andm*) for model 5 allowing to predict the asym-
metries in a rather narrow corridor of uncertainties. For the
rest of the saturated models the asymmetries are similar in
shape, however smaller and less constrained. Thep0 asym-
metries at threshold are sensitive to the assumptions under
which the predictions for couplings have been calculated; the
factorization(e.g., model 4) prefers zero or very small and
rather positive asymmetry whileSUs6dW symmetry based
models(e.g., model 5) lead to larger and negative asymme-
tries. It allows to split all models into two categories. The
first category includes models with large, negative asymme-
try for p0 production at threshold(models 5 and 7); the sec-
ond models withp0 asymmetries at threshold close to zero or
positive (models 1, 4, 6, and 8). The p+ asymmetries at
threshold are positive as is the case of all models reaching
2310−7. The measurement of thep+ asymmetry close to
saturation energy can give also the opportunity to distinguish

between models; large, negative value −8310−7 indicate
models 5 or 4, smaller value is a feature of models 1, 6, 7, 8
and also model 4 is not excluded. Combining the two mea-
surements(p0 asymmetry at threshold andp+ asymmetry at
energy close to saturation 0.55 GeV) together would allow to
select particular model or group of models(model 5, models
4 and 6, or models 1 and 8). The most interesting is model 5;
the predicted values of pion photoproduction asymmetries
are relatively large.

We shall discuss now the experimental feasibility for
checking p.v. sum rule(3). The intensity and polarization of
the electron beam at JLab allow to produce an intense, cir-
cularly polarized beam of photons from the bremsstrahlung
process[16,17]. Taking 60µA current of 12 GeV electron
beam[17] and 1 mm Au plate target[16] we calculate the
photon bremsstrahlung spectrum:

dNgsvd
dv

=
1.53 1014

sec
S 1

v
−

0.08

GeV
D .

1.53 1014

sec

1

v
.

s19d

Hence for 1 cm long liquid hydrogen target the number of
events/sec iss6/pb/secde (fsp+

svd+sp0
svdg /v)dv, i.e., for

energy range from threshold to 0.55 GeV it reads 1.7
3109 events/sec; the region 0.137 to 0.3 GeV contributes
73108 events/sec, while the region close to saturation point
(0.4–0.55 GeV) contributes 2.73108 events/sec. The rates
108−109 events/sec seem to be large, but the rate of
109 events/sec is expected in LHC and the relevant detection
techniques are feasible(see Table 1 in[39]). To overcome

1On the left-hand side of Eq.(4.14) in Ref. [18] the factor 1/2 is
missing.

FIG. 2. The unpolarized cross section for pion production:p+

(solid line) andp0 (dotted line) according to model from[25].

FIG. 3. The asymmetries forp+ and p0 photoproduction(in
units 10−7) as a function of the photon energy. The shadowed bands
reflect freedom of the values of p.v. photon-meson couplingsm* and
hE allowed by saturation condition for model 5. The darker band is
for positive, lighter for negative values ofhE. m* is always negative
in the shadowed bands.
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statistics a large number of events is needed(compare dis-
cussion in Ref.[11]):

N . 2S k

h
D2SE spsvd

v
dvYE Dspsvd

v
dvD2

. s20d

The measured result of the integral:(efDspsvd /vgdv)meas.

will lie in the range ofs1±hdefDspsvd /vgdv at k standard
deviations’ confidence level.

To verify quick saturation hypothesis the sum rule(3)
should be measured up to the photon energy of 0.55 GeV. If
the result comes out 40–110 pb, the hypothesis is not satis-
fied; in this case one needs(taking k=1 and h=1) 1013

−1014 events which corresponds to 63103−63104 sec of
the beam time.

A much smaller result would indicate the possibility of
quick saturation. Models with saturation, see Fig. 3, exhibit
different signs of contributions from different energy re-
gions; in model 5 low energy contribution(up to 0.3 GeV) is
positive(22–28 pb) while the region close to saturation point
(0.4–0.55 GeV) yields s−10d–s−14d pb. It demands 4
31013–63103 and 1.531012–4.531012 events for the
threshold and saturation point regions, respectively. The cor-
responding beam times are 63104–8.53104 sec and 6
3103–1.73104 sec.

V. CONCLUDING REMARKS

We have discussed p.v. superconvergent sum rule formu-
lated in [18] and we have examined its phenomenological
consequences. The sum rule has been checked within the
lowest perturbative order of electroweak theory for the pho-
ton induced processes with elementary lepton targets. It
would be interesting to check this sum rule in higher pertur-

bative orders as it was recently done for GDH in QED in
[31].

In analogy with the GDH sum rule for nucleon the satu-
ration hypothesis has been formulated and the eight models
with different sets of p.v. couplings[27] have been analyzed
using p.v. photoproduction approach proposed in[25]. Mod-
els with the largest leading p.v. pion-nucleon couplinghp

1 do
not saturate p.v. sum rule integral below energies of photon
less than 0.55 GeV and the contributions from higher ener-
gies cross sections are needed. It suggests some structure in
the difference of the cross sections to be observed for higher
photon’s energy for these models.

The other models considered in this paper have enough
freedom in parameter space, defined by data and calcula-
tions, to saturate the p.v. sum rule integral below photon
energy of 0.55 GeV.

The verification of our essential predictions is experimen-
tally feasible with the beam time of the order of 105 sec in
the near future experimental facilities.

It is an open question whether the sum rule(4) could be
satisfied separately for different izospin components of weak
interactions in the case of the nucleon target. It would re-
semble an observation made in Sec. II that in Born approxi-
mation the p.v. sum rule(4) holds separately for different
reactions with elementary targets. If it were the case, the
more stringent limits for p.v. couplings might be obtained.
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