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Superconvergence relations and parity violating analog of Gerasimov-Drell-Hearn sum rule
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Sum rule of superconvergence type for parity violating amplitydes analogue of Gerasimov-Drell-Hearn
sum rulg 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 prd.and 7+ 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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[. INTRODUCTION parity violating part of Compton amplitudes has been re-
cently derived by one of uéL.L.) [18]. In particular, p.v.
analogue of GDH sum rule for the asymmetric amplitude,
Based on low energy theorerfi] and under assumption of
esuperconvergence of typé(z)/z—0 at infinity, has been
formulated there. In the past a number of superconvergence
pe sum rules for parity conserving Compton scattering
one example of which reduces to GDH sum jutas been
obtained and discuss¢d0—27. The superconvergence rela-
tions have been also studied in detail in the very general
Yontext of axiomatic local field theory and its analyticity
properties[23].
In this paper we shall discuss p.v. analogue of GDH sum
e 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. Il. In
Sec. Il the models of p.v. low energy photon-proton inter-
%Betions [i.e., heavy baryon chiral perturbation theory
rtHB)(PT) [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
integra) we are able to narrow down the allowed values of
the p.v. photon-meson and photdraucleon couplings
oorly knowr) and select the models with small high energy
contributions(Sec. V). For these selected models, the en-
ergy dependence of the asymmetries for pion photoproduc-
tion is calculated according to approach proposef28j. In
the same section it is shown that measurement of the photon
yenergy dependence of the asymmetries from threshold up to
experiments is seefid, 15, energy large enough to saturate p.v. sum fauration en-

. . . . ergy) allows to distinguish between the different models
The experimental observation of p.v. effects in photonic 9y 9

reactions is generally difficult because the expected asymm V\—/irt"hcggs e\;; quick saturation feature. We conclude the paper

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 Il. GENERAL FORMULAS AND
future [11,16,17. Having this in mind a set of sum rules for THE SATURATION HYPOTHESIS

Let us consider p.v. Compton amplitudes. For polarized
photons scattered off unpolarized targets the following
*Electronic address: kurek@fuw.edu.pl (crossing-antisymmetrjadispersion relation holdicompare
TElectronic address: lukaszuk@fuw.edu.pl Eq. (3.18 in [18]]:

The GDH sum ruleg[1] is recently intensively measured
[2,3] and considered as a clean and important test of th
knowledge of the nucleon spin structure, especially in th
resonance regiof#]. The rising interest in GDHand itsQ?
dependence generalizatioand more generally in the spin
structure of nucleon has started with the new generation o
precise spin experimenfs,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 no
available and expected in the future from ELSA, GRAAL,
JLab and Spring-87-9].

The experiments based on intense polarized beams (?LI
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 understandin
the physics of nonleptonic weak p.v. hadronic interactions. |
addition the ypm and yAN p.v. couplings, very poorly
known, can also play a role in photon-induced reactions.

It was shown in papefll] that the polarized photon
asymmetry in7" photoproduction near the threshold could
be a good candidate to measure p.v. pion-nucleon couplin
hl. Similar expectations are connected with the low energ
Compton scatterinl2,13. Let us mention here that thé,
coupling has been measured in nuclgst] and atomid15]
systems. However, the extraction bf from such experi-
ments is difficult due to poor understanding of many-bod
systems. In fact, the disagreement betwé®n and **Cs
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wherew is the photon energy in laboratory systeﬁ‘p” and 10 V{ s
o} are amplitude and relevant total cross section averaged :ig P
over target particle spin, respectivelyindicates photon he- 40
licity eigenvalue. _soli
It was pointed out if18] that the assumption of super- okt
convergence for amplitud({)y [i.e., no subtractions in Eq. '
D] o (pb)
(=),
fh (w) - 0' (2)
w W00

together with the low energy theorgiinET) [19] leads to the
p.v. analogue of GDH sum ruf[@nce the limitw— 0 is taken
in unsubtracted form of Eq1)]:

© T_ T
J Uh—fr‘hdw’ =0. (3) 160300 300 400 500 00 VS(GV)
i ) ) ) ) FIG. 1. The difference of the polarized photon cross sections
In the paper we consider 1/2 spin targets and in this casg,-¢_ and unpolarized cross sectiehas a function of CMS en-
Eq. (3) is equivalent to ergy for the reactionsye— Z% (solid line), yv— We (dotted line,

= ( T _ T )= ( T T ) multiplied by factor 0.}, andye— »W (dashed line, inr,—o_ mul-
f T2+~ 0112,-) “\O0-1/2 -~ F-1/2,+ do’'=0, (4) tiplied by factor 5.

!

w
" mation for three different inelastic polarized photon scatter-
where +1/2 denotes target spin projection on photon’s moings off lepton targets: the photon-neutrino reaction o
mentum and + denotes photon’s helicity. boson and electron, the photon-electron reactions into neu-

The parity conservingp.c) GDH sum rule has been ob- trino andW boson and into electron argf boson produc-
tained by AlImond[29] and, neglecting-violation, it reads  tion. The calculations of cross sections have been done using
o T T T T FeynArts 3andHighEnergyPhysicsHEP) [32] packages
(01/2,+‘f71/2,—)+(U—1/2,—‘U—1/2,+)dw,:47"2“K2 We have verlfled that p.v. sum rul€3) is satisfied
o’ m both for yoew  ANd 0L =0, Wt Oy ez IN
considered I%orn approximation stronger results hold,
() namely the integrals f:th[(Ul/z,r01/2,—)/w']dw' and

where is the anomalous magnetic moment. fwth[((’—l/z,r0—1/2,—)/w']dw' are zero separately for all the
Equationg4) and(5) are equivalent to the following pair considered processes in accordance with the results of Ref.
of GDH sum rules: [30].
o T T 72 The behavior of the differences of cross sections as a
f Iu124~ Terizz g v - £T & 2 (6)  function of CMS energy is presented in Fig. 1. It is seen in
° ' m? Fig. 1 that the saturation of the p.v. sum rule requires the

" high energy contribution because the convergence of the dif-

Let us emphasize that only if the p.v. sum r@® is true,  ferences of the cross sections to zero is slow.
the sum ruleg6) become equivalent and identical with p.c.  On the other hand, one of the most interesting features of
sum rule(5). In such a case the photon momentum directionGDH sum rule for nucleon targets is a quick saturation of the
can be ignored and sum rulg®) reduce to standard form of GDH integral. The dominant contributiqabout 90% to the
GDH sum rule used in literature. GDH sum rule comes from the photon’s energy range from

In contrast to the nonzero contribution to standard GDHthe threshold up to 0.55 Ge}2,3,7,§4. The saturation hy-
integral in higher order of perturbation theory, the integralspothesis in analogy with the feature observed in the GDH
in p.v. sum ruleg3) should be zero at any order of pertur- sum rule, is an important point in the analysis presented in
bation theory. The photon-charged lepton reactions hav&ec. Ill. Therefore we are now going to formulate the crite-
been studied in the past in the frame of electroweak theoryion of the saturation of integral in p.v. sum ruid). It is
The contribution to GDH sum rule from the processes medivelatively easy to define the saturation when the integral in
ated by weak bosons in the lowest order of perturbatiorthe sum rule has non zero value, as it is in the case of GDH
theory has been calculated [80] and found to be zero. sum rule where the value of integral is determined by the
Quite recently it was shown if31] that GDH sum rule for anomalous magnetic moment of target particle. However, the
the electron evaluated at order @ agreed with the problem appears when the integral in sum rule should be
Schwinger contribution to the anomalous magnetic momentzero. Below we shall formulate the saturation criterion valid

As illustrative examples of the elementary parity violating for both situations. Given any superconvergence sum rule of
processes we have calculated cross sections in Born approxire form
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* Ao(w') |, It is easy to check that at high energies the real part of
a:f P (7 FY9/w converges to a constant so the superconvergence
“th condition(3) is violated. Therefore the p.v. sum ru®) does
we define the quantitf: not hold.
A similar formula with 6 independent structure functions
Flw) = lo ®) A, can be written for the p.c. Compton amplitude3,33. In
I’ this case thedByPT gives a similar result also fodg for-
ward scattering amplitude. According [83] Az is equal to
Where g amp g [83] Ag q
o’ m2 w
© Ao(w' ANO| o= — ——L - —A | - —T arcsirf| —
lo= ‘ —f %dw’ 9 3 lo0= " 2 872F2|“ o m,
Oth (15)
and . L .
which again violates superconvergence relation of the type
- ® |Acr(w’)|d , 10 (3) as in p.v. case.
1= ' @ (10 DiscussingHByPT it is important to note the fact that the

“n spin-dependent p.c. polarizability, , (expressed by the in-

Requirement thaF(w) does not exceed the prescribed tegral similar to GDH integral but with higher power of en-
small value atw=w¢y determines the saturation energy. Theergy in the denominator of integrandssentially depends on
usefulness of such definition of saturation is based on th&op corrections and that the contribution from thend the
assumption that there is no large contribution to the integralowest order result differs not only in the value but also in

from photons with energies higher thain,, the sign from resul{34,35. Thereforea priori it is not ex-
For the GDH sum rule on proton, where the experimentatluded that p.v. sum rulé3) might be satisfied if more cor-

data [3,7] exist we can estimatavg, to be 0.55(i.e.,  rections were taken into account in the frameHBxPT. To

Esof En=1.5 in CMS for F(wgs)=0.1. our knowledge there is ngPT based model for p.v. Comp-

As there are no experimental data for p.v. sum rules on théon amplitude, which obeys the superconvergence relation
proton we shall use the valueg,=0.55 and~(w¢)=0.1in  (3).
the discussion of phenomenological conseque8es. Ill). 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
IIl. PROTON TARGET: THE MODELS OF P.V. LOW effective Lagrangianf25] (compare als¢36]) and[26—-2§.
ENERGY PHOTON-PROTON INTERACTIONS The model discussed if25] is relevant in the low energy

regime so we will limit ourselves to energies below 0.55

In this section we shall discuss two different approache%ev The upper bound on energy is high enough to discuss
to p.v. low energy photon-nucleon interactions. We begin '

: : , and apply the saturation hypothesis as it was said in the
with p.v. Compton amplitude on proton calculated in the . . S :
frame of HByPT [12,13,24. According to [13] the p.v previous section. The contribution from the high energy re-

Compton amplitude can be written in CMS as follows: 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 7 and #° production are expressed by the sum of the

MiRS(RK) = Ng[Fi6 -+ (K+ k)& - &

—Fyo €K -&+7-€K -€) p.v. coupling constants multiplied by the relevant form fac-
~ A ~A A tors (see Figs. 11-15 if25]). In our calculations thepNN
—-Fgk- €k’ - &a-(k+K') couplings(h%,h?, h?), wNN couplings(h?, h},) and7NA cou-
o~ - pling (f,) have to be taken into account. Fef production
—iF4€6 X & - (k+ K')INs, (11)  the important contribution follows from p.wrNN coupling

(h},). In addition, there are two extra contributions frain

directly coupled to photon and nucle¢pAN coupling ")
fOP = oF (12) and from the interaction between photon, pion @angheson

1/2 1 . .

(yp7 coupling hg). The last two parameters are directly re-
lated to the p.v. photon-mesons and phofenucleon inter-
actions while the previous ones are related to the strong sec-
To discuss p.v. sum rule and the superconvergence reldor (p.v. meson-nucleon couplings

so that

fi = - 2F,. (13)

tions the interesting quantity iB4, according to Eq(13). The knowledge of the values of p.v. couplings is rather
The calculations based ¢#ByPT analysis in NLO[13] pro-  limited; practically only ranges of values are known from
vide the following value of coefficient,: experimental dat&for review of the situation sef27] and
1 5 references therejn On the other hand, the strong sector
ENLO — _ ength«n {w_ mz arcsiﬁ(ﬂﬂ (14) meson-nucleon couplings can be calculated in different ap-
4 8\2m2M F, » ) proaches and models as reviewed[2T]; we shall exploit
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TABLE I. Predictions for the p.v. meson-nucleon coupling constants EZ@r All couplings are in units

1077
Model ht ho by h h® h®

1. DDH, range(K=6); Ref. [26] 0.0 11.4 0.0 -7.6 5.7 -1.9
2. DDH, range(K=6); 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, range(K=3); Ref. [28] 1.3 8.3 0.0 -8.2 -0.5 -1.8
5. D, range(K=3); Ref. [28§] 2.0 -23.1 -0.3 -8.2 -10.6 -2.2
6. D, range(K=1); Ref. [28] 0.5 7.0 -0.2 -10.3 2.5 -2.0
7. D, range(K=1); 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

these in the next section. Especially difficult situation existspendence orK parametenK=1 in the absence of correc-
for p.v. yAN coupling " and ypmr(hg) which are not given tions) in effective quark interactions. The first three models
in the models from[27]. Only quite large limitsu’ e (DDH), are based on the calculations frd26]. Models 1
(-15,15 andhg e (-17,17 in units 107 can be given for and 2 contain strong corrections characterizedbyb range
these, based on data analysis couplings. parameter. The models 40) have been calculated [28].

The 1" andhg couplings can be calculated if some extra The models 4 and 5 are corrected for strong interactions
assumptions are added. The vector-meson dominance mod®=23) while models 6 and TK=1) have no strong correc-
have been used if25] to estimate the p.vyAN coupling.  tions taken into account. The predictions for model 4 and 6
Neglectingw and ¢ meson contributions and assuming that correspond to the factorization approximation used in the
p.v. pAN coupling is of magnitude similar to p.pNN cou-  c5|clations, while 5 and 7 are the results obtained assuming
pling the following relation has been formulatgzb]: the validity of the SU(6),, symmetry. The last set of cou-

w ho plings (model 8, KM) is based oHByPT calculations[24].
mo —p—g et (16) h' coupling, (originally listed in Table 1 in27]) has been
'l

omitted; in fact it is zero for all models except KM; is not

Taking g, equal to 0.434 (after [25]), the " =0.550) is  used in our calculations as it does not enter in approach of
uniquely defined by th&] coupling. Henleyet al. [25].

Thehg coupling can be calculated according to the analy-  The values of p.v. couplings listed in the Table I will be
sis described if37]. Assuming so-called factorizatil87]  ysed to verify the quick saturation feature in the approach
and taking into account thg present dgd] on the.widths of  discussed in the previous section andas]. The " andhg
a, and b resonances, their masses and couplings, the tWegplings will be treated as free parameters in the range lim-
possible solutions have been found fgx ited by the experimental knowledgg” e (15,15 and hg

he ~10X 107, hg~1x107. (17) € (-17,17 in units 10°. The contribution related t6, pa-
rameter is very small in the considered approach; we have
. ; fixed this coupling to be 10 after[25]. Taking the values of
calculations |n[37].' . p.v. coupling constants from Table | the differences of polar-

In th.e nex't sgcnon.the p-v. sum ruié) together with the. ized photon cross sections have been calculated and used for
saturation criterion will b_e used to select the models WhIChan estimation ofF defined in Eq.(8). The saturation ex-
posses the quick saturation feature. pressed by the conditioR<<0.1 limits the allowed values of
" andhg couplings.

Apart from the model 2 and the “best fit” model 3 from
DDH group, a quick saturation can be achieved for all other

The p.v. meson-nucleon coupling constants calculateghodels from Table I by limiting range of free parametgrs
from the flavor-conserving part of the quark weak interac-and hg. The values ofu’ and hg from Egs. (16) and (17)
tions are reviewed ifi27]. The eight sets of numerical pre- allow us to have the saturation property for models 4-7; the
dictions for the p.v. meson-nucleon coupling constants, calmodel 8(KM) with these values ofc" andhg has no satu-
culated with different assumptions and models have beeration.
summarized in Table I, taken frofi27] (Table J). It should be emphasized that the nonsaturating ma@els

The predictions of the p.v. couplings depend on theand 3 are characterized by large values huji In conse-
method of calculationgas in [27]). The strong effects are quence, it is impossible to find any pair pf and hg cou-
partially incorporated in the meson’s and nucleon’s waveplings in the allowed range to satisfy the saturation condi-
functions and partially in bare quark interactions. This part oftion. This observation leads to the conclusion that for these
strong interaction corrections manifests themselves via denodels some additional structure should be observed for

The results are close to the ones obtaine&u6),, based

IV. PHENOMENOLOGICAL CONSEQUENCES
OF SATURATION
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FIG. 2. The unpolarized cross section for pion productist: 4
(solid line) and 7° (dotted ling according to model fronfi25]. 2
o5 LAY
higher than 0.55 GeV photon energgompare discussion -2
and Eq.(4.14) in Ref. [18]]. _4
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 hi. -10

We are now going to discuss the experimental conse-
guences of the models satisfying quick saturation, i.e.zthe
and 7° p.v. asymmetries defined as

FIG. 3. The asymmetries for™ and #° photoproduction(in
units 107) as a function of the photon energy. The shadowed bands
reflect freedom of the values of p.v. photon-meson couplirigand
o7(w) - 6™ (w) hg allowed by saturation condition for model 5. The darker band is
AT(w) = T (18) for positive, lighter for negative values bg. u” is always negative
o"() in the shadowed bands.
whereo™(w) denotes unpolarized pion production cross sec-

tion andw is the photon energy in laboratory frame. between models; large, negative value 807 indicate
The energy dependence of (w) is the same for all the models 5 or 4, smaller value is a feature of models 1, 6, 7, 8
considered models and agrees well with the experimentaind also model 4 is not excluded. Combining the two mea-
data. It is shown in Fig. 2. surementg7° asymmetry at threshold and” asymmetry at
In Fig. 3 the pion photoproduction asymmetries as a funcenergy close to saturation 0.55 Geidgether would allow to
tion of energy are shown for the strong interaction correctedelect particular model or group of modétsodel 5, models
model 5 based oBU(6),, symmetry. Ther* asymmetry is 4 and 6, or models 1 and.8The most interesting is model 5;
positive at threshold, large and negative at photon energiegbe predicted values of pion photoproduction asymmetries
close to 0.5 GeV. The® asymmetry at threshold are nega- are relatively large.
tive and relatively large. The saturation limits the parameter We shall discuss now the experimental feasibility for
space(hg and i) for model 5 allowing to predict the asym- checking p.v. sum rul€3). The intensity and polarization of
metries in a rather narrow corridor of uncertainties. For thethe electron beam at JLab allow to produce an intense, cir-
rest of the saturated models the asymmetries are similar ioularly polarized beam of photons from the bremsstrahlung
shape, however smaller and less constrained. #hasym-  process[16,17. Taking 60pA current of 12 GeV electron
metries at threshold are sensitive to the assumptions undeeam[17] and 1 mm Au plate targdtl6] we calculate the
which the predictions for couplings have been calculated; th@hoton bremsstrahlung spectrum:
factorization(e.g., model 4 prefers zero or very small and

rather positive asymmetry whil&U(6),, symmetry based dN(w) 15x10*(1 0.08) 15x10*1
models(e.g., model % lead to larger and negative asymme- do _  sec \ow GeV/  sec o
tries. It allows to split all models into two categories. The (19

first category includes models with large, negative asymme-

try for 7% production at thresholémodels 5 and ) the sec- Hence for 1 cm long liquid hydrogen target the number of
ond models withs® asymmetries at threshold close to zero or o\ ants/sec i$6/pb/setf (0™ (0)+0™ ()] w)dw, i.e., for

positive (models 1 4, 6, _and)8 The «" asymmetries at. energy range from threshold to 0.55 GeV it reads 1.7
threshold are positive as is the case of all models reachlng< 10° events/sec; the region 0.137 to 0.3 GeV contributes
7 + 1 . .
2x 10—.' The measurement of the asymmetry clgsg 0 7x10 events/sec, while the region close to saturation point
saturation energy can give also the opportunity to d'St'ng”'SQOA—O.SS GeY contributes 2.% 10F events/sec. The rates
10°-10° events/sec seem to be large, but the rate of
10n the left-hand side of Eq4.14) in Ref. [18] the factor 1/2 is ~ 10° events/sec is expected in LHC and the relevant detection
missing. techniques are feasiblsee Table 1 if39]). To overcome
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statistics a large number of events is nee@®ampare dis- bative orders as it was recently done for GDH in QED in
cussion in Ref[11]): [31].
) . . 5 In analogy with the GDH sum rule for nucleon the satu-
N > 2(5) (J g (w)dw/f Aa (“’)dw> . (20 ration hypothesis has been formulated and the eight models
7 ® 1) with different sets of p.v. coupling®7] have been analyzed

. using p.v. photoproduction approach propose . Mod-
The measured result of the integr@f{Ac™(w)/wldw)meas. | vgitrk)l thg Iarggst leading pp\lj) pion—npucll?eon g%?plliﬁ,gﬂo

\(’j\"" lie in the rap((i:]e Of(lli")lfmoﬁ(w)/w]dw atk standard ¢ saturate p.v. sum rule integral below energies of photon
e\_1_|at|0ns_ conti kence evel. h hesis th less than 0.55 GeV and the contributions from higher ener-
o verify quick saturation hypothesis the sum ry8 ies cross sections are needed. It suggests some structure in

should be measured up to the photon energy O.f Q'55 GeV._ e difference of the cross sections to be observed for higher
the result comes out 40—-110 pb, the hypothesis is not Sat'?)hoton’s energy for these models.

fied; in this case one needgaking k=1 and »=1) 10" The other models considered in this
_10l4 ; _ paper have enough
10 events which corresponds toxeL0°-6x 10° sec of freedom in parameter space, defined by data and calcula-

the beam time. . ;
- . tions, to saturate the p.v. sum rule integral below photon
A much smaller result would indicate the possibility of energy of 0.55 GeV. P g P

quick saturation. Models with saturation, see Fig. 3, exhibit " ¢ \erification of our essential predictions is experimen-
d!fferer_lt signs of contributions fr.om.d|fferent energy re- tally feasible with the beam time of the order of°ldkc in
gions, n model 5 Iow_energy co_ntrlbutump ©00.3 C_Ee\)( 'S " the near future experimental facilities.

positive(22—28 pb while the region close to saturation point It is an open question whether the sum r(dg could be

(0'40_1?'55 GGE;\)’ yields (_?;_(_14) %tl’z' It demands 4 oiisfied separately for different izospin components of weak
x10°-6x 10" and 1.5<10°-4.5x10°° events for the inieractions in the case of the nucleon target. It would re-

threshold and satura_tion point regions, respectively. The COlsemple an observation made in Sec. Il that in Born approxi-

responding beam times arex6l0'~8.5x10"sec and 6 ation the p.v. sum rulg4) holds separately for different

X 10°-1.7x 10" sec. reactions with elementary targets. If it were the case, the
more stringent limits for p.v. couplings might be obtained.
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