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New evaluation of the Baldin sum rule
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The Baldin sum rule for the nucleon has been recalculated at the light of the most recent photoabsorption
cross section measurements. The proton value ) ,=13.69+0.14 is smaller but consistent with the one
usually quoted in literature. However, the value for the neutren B),=14.40+0.66 turns out to be three
standard deviations away from the previously calculated 3@556-28138)00701-§

PACS numbegps): 14.20.Dh, 13.60.Hb

The optical theorem applied to the forward Compton am-Since today the status of the experimental data is much better
plitude, together with the low-energy theorem, leads to thealefined than it was 20 years ago, it is now time to revisit the
once-subtracted dispersion relation worldwide known as thanalysis for both the values of Eq®) and(3). Let us dis-
Baldin sum ruld 1]. This equation establishes a firm connec-cuss the two cases separately.
tion between the integral of the?-weighted nucleon unpo-
larized photoabsorption cross section and the sum of the
electric (@) and magnetic 8) polarizabilities of the nucleon
target:

THE PROTON

The integration domain has been divided into the follow-
ing four energy regions: the threshold regioA®: »
o(yN—X) (1)  E[vo 02) GeV; the resonance regid#®: ve[0.2, 2.0)
' GeV; the high-energy regioffP: v<[2.0, 183.0) GeV; the
asymptotic regiorDP: »[183.0, ») GeV.

In the threshold region the total cross section has been
alculated by a numerical integration of tadp and 7" n
ontributions given by thesAD program (solution SP97K
4]. The finite spacing between the poiiisMeV) generates

n uncertainty in the evaluation of the subtended area which
reflects itself in the error quoted in Table | fak ¢ B) in this
region.

In the resonance region we have used the old values for
the total cross section measured at Darespolrgnd the new
(a+p)p=14.2£03, 2 data recently obtained at Maings] in the interval v
e (204, 789) MeV. All these datéor a total of 138 points
was calculated over 25 years ago by Damashek and Gilmamave been fitted using a minimizing function written as a
[2]. They used the experimental data available at that timeum of the six prominent Breit-Wigner resonances
and postulated a reasonable theoretical ansatz for the eR;5(1232, P;,(1440, D,5(1520, S;1(15395, F,5(1680,
trapolation at infinite energy whose uncertainty is what fully F;(1950, and a smooth background parametrized as fol-
determines the error bar quoted in H®), without taking lows[5]:
into account any other source of errors.

1 f“’
a+ =——1 dv
(a+B)n ] 2

where v is the pion photoproduction threshold. Since the
integral on the right-hand side can be numerically evaluated
on the basis of the photoabsorption cross section data, E
(1) leads to an unavoidable bound, that, as such, is routinel
used to constrain the values of the polarizabilities extracte
from the low-energy Compton scattering data.

The numerical value quoted in literature for the prdton

As for the neutron, the first, and still unique, complete 2
calculation of the sum rule was made in 1979 by the authors o= 2, Cu(W—Wp)X (4)
of Ref.[3]. In this calculation the integration domain is bro- k=-2

ken down into a resonance€1.5 Ge\j and an asymptotic

(V> 1.5 GeV) region. In the first region, they used a multi- whereW= Mp\/TV/Mp is the center-of-mass energy and
pole analysis of the single-pion photoproduction data andy,=\Ww(»= ,). However, our major interest has not been
assumed that the two pion contributions were dominated byocused on the extraction of the resonance parameters but
the leadingA and p-meson photoproduction channels. By only on the determination of the most faithful mathematical
using the parametrization given in RE3] for the asymptotic  description of the data. As a consequence ofitheveight in

regime, they finally obtained Eq. (1), this description must be particularly accurate in the
low-energy region. Therefore, instead of using the parametri-
(a+B),=15.8+0.5. (3)  zation of Ref[12], we have adopted E@4) as a description

of the nonresonant pionic background. This choice produces
a lower reduceg3; and a more accurate description of the
'Hereafter the polarizability values are expressed in units 6f10 behavior of the data on the rise of tAeresonance. Only the
fm?3, statistical errors have been considered.
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TABLE I. Contributions to(a+ ) of the proton from the four energy regions defined in the text. The two
values for the regiorD are obtained using E¢6) (uppe) and Eq.(7) (lower), respectively.

Energy region AP B® c® D) Total

(7.0+0.3)x10°3
(a+B), 1.25+0.02 11.7#0.13  0.72-0.03 13.6%0.14
(6.8+2.1)x10°3

The complete collection of the data in the resonance re- A=147+1 ub,
gion together with our fitting curve are shown in Fig. 1.
Since below about 400 MeV, the absorption cross section is B=2.2+0.1 ub,
completely dominated by single pion photoproduction, an
independent measurement of the total cross section can also C=-17.0=0.7 ub. (6)

be deduced from the multipole analysis @l — 7N. How- . o ) i

For photon energies either below 280 MeV or above 360y the model of Donnachie and Landshoff where, fer 12
MeV, =+ and 7° data taken at Bonii7], Tokyo [8], and GeV, the total cross section is parametrized in this other way
Lund [9] are quite in good agreement. Instead, within thisl14] (5=W? in GeV?):

energy range the Tokye* data and the Lundr® data are _ "

consistently higher than their Bonn counterparts. Since the o(YP=X)=XS+Ys
recent Mainz absorption measuremeisare in good agree- \yjth
ment with integrations of the Bona™ and#° cross sections

[10], the Tokyo and Lund data have fallen into general dis- X=71+18 ub, Y=120+40 ub,
favor. However, very recent® and #° cross sections mea-
sured by the LEGS collaboration at BNIL1] in the interval £=0.075:0.030, #»=-0.46-0.25. (7)

ve (210, 333) MeV are in fact in good agreement with the o i
Tokyo and Lund data sets. Evidently the dichotomy atahe ~ The contributions to ¢+ j) coming from the four re-
resonance still persists. gions def_lned above are reported in Table I, where for_the
To examine the consequences of the higher Tokyo/Lund‘,"lsymptOt'C region the two values are the resglts obtained
BNL cross sections we have repeated the fit in the resonand®M EQ. (6) (uppe) and Eq.(7) (lower), respectively. By
region, using the total cross sections from the multipoleSUMmming up these four contributions one has
analysis of the BNL data in place of the Daresbury and _
Mainz data below 340 MeVin the following we shall refer (atf)p=13.69-0.14. ®)
to this as fit 1). This fit departs from the one displayed in 600
Fig. 1 only at the top of thé\ resonance, where the total
Cross section turns out to be approximately 6% higher. The.
X3 is slightly worse but the parameters of all the resonances?
involved are well reproduced within the errors.
According to Ref[5] in the region between 2 and 3 GeV,
the cross section can be parametrized in the following way:

(ub)

® Daresbury (1972)
O Mainz {1996)
A BNL (1996)

ction

500

Total cross

a
o(yp—X)=a;+ —

NV 300

with

200

a;=91.0+5.6 ub,

a,=71.4-9.6 ub Ge\*2 (5) -
An accurate fit of all the data avalaible in the remaining part
of the regionC can be found in Ref.13] where the following | | | | | | | | |
) 11 f 1l L1 1l L1 1l L1 L1 L1 L1l

parametrization is usedv(in GeV): o o2 o0& o6 08 1 12 14 18 13 2
v (Gev)

— 2
o(yp—X)=A+BIn“v+Clny FIG. 1. Photoabsorption cross section for the proton as a func-

tion of the energy of the incoming photon. The dotted line is the
with result obtained from theaiD program in the threshold region.
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The use of the fit Il in the resonance region would increasez '°®
this value up to 13.76, well within the quoted error in Eq.
(8). Therefore the debate on the value of the total cross sec:
tion at the top of thel resonance does not seem to be rel-
evant for our present purpose.

(u

900

ction

® Daresbury (1972)
O Mainz {1996)

800

Total cross se

THE NEUTRON

The neutron case can be calculated by assuming that th  &%®
photoabsorption cross section on the free neutron can be sirr
ply obtained by the “difference” between the deuteron and 5%
proton data. The way to perform this difference is not firmly
established and can drive to evident inconsistencies. As al  *®
example, in the region of thA resonance the sum of the
one-pion photoproduction cross sectiddg alone is about 300
150 ub larger than the total absorption cross section pub-
lished in Ref.[15]. Since the photoabsorption cross section — #°
on the deuteron measured at Daresbury has been recent
confirmed by the Mainz da{#&], the discrepancy has to arise 100
from the procedure followed to extract the neutron cross sec:
tion from the deuteron data. This implies that further as- s b s b
sumptions will be necessary with the consequence that the v (Gev)
resulting value for &+ B),, is much more procedure depen-
dent than that for ¢+ ), .

Also in the deuteron case the energy range is divided in
the four following regions: the threshold regioA™: v
e[vo, 0.2) GeV; the resonance regid™: ve[0.2, 2.0)
GeV; the high-energy regiod™: ve[2.0, 18.0) GeV; the
asymptotic regiorD() : »[18.0, =) GeV. Similarly to the  According to Ref[15] for ve (2, 4) GeV it turns out that
proton case, the total photoabsorption cross section in the
threshold region results from the sum of theé p and 7°n 0,=1.01%9p—-0p. 9
channels as given by the&aiD program. ) . ) ,

In the resonance region the avalaible dggal5] for the Therefore, by assuming that this relationship can be extended
deuteron target have been fitted using the same proceduf@ the whole regiort, for the neutron one has
followed in Ref.[15]. The minimizing function is the same _ _
as that for the proton with a nonresonant pionic background An=157.5:5.2 ub, B,=7.42.0 ub,
constrained to be twice the one found for the proton. Further- —
more, following Ref[12] we have added a deuteron photo- Cn=-40.957.1 ub.
disintegration background which gives a non-negligible coninally, in complete analogy with the proton case, we have
tribution mainly to theA region[16]. The result of this fit assumed that the parametrization in the regiaran be suc-
together with the experimental data are shown in Flg 2. Th@essfu”y extended to the asymptotic regiﬁn
neutron cross section has been derived under the assump-The contributions to ¢+ 3) coming from the four re-
tions that the positiong/ and widthsl” of the resonances are gions defined above are reported in Table Il and their sum is
the same for both the proton and the neutron and the cou-
pling constants are related by (a+ B)n=14.40+0.66. (10

S L L B B L L

<)

FIG. 2. As Fig. 1 in the deuterocase.
Ap=300t5 ub, Bp=9.5+2.0 ub,

Cpo=—57+7 ub.

|n— 1 (IDFD Ipr) SUMMARY AND CONCLUSIONS
' ry ot The present reevaluation of the sum r(l¢ leads to the
following conclusions.

The validity of these assumptions are discussed at length in (1) The new values of Eq$8),(10) are both smaller than
Ref.[12]. the corresponding values of Eq®),(3) but, within errors,

In the high-energy regio6 the photoabsorption cross sec- they are still consistent with each other. The lower value for
tion on deuteron can be parametrized by the expression dhe proton could be due to the set of data used in the analysis
Eq. (6), where[13] of Ref.[2] that consistently exceed the Daresbury data in the

TABLE Il. Same as Table | for the neutron case.

Energy region A Bm cm DM Total

(a+B)n 1.86+0.02 11.95-0.66 0.52£0.05 0.070.02 14.4-0.66
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region of theP,; andD,; resonances. (a+B)p=(a+p),=13.3.
(2) The proton and neutron values are much closer now
than in the previous analysis. The present separation between
these two values is within errors, whereas, before, the sams a matter of fact, this value is well consistent with our
separation was twice the sum of the quoted errors. This iproton value and is less than two standard deviations away
consistent with the old claim reported in R¢L7] that no  from the neutron value.
isotopic effect has to be expected for the quandity 8.
(3) Chiral perturbation theory @(q*) gives the follow-
ing prediction for the sum rulgl8]: ACKNOWLEDGMENTS
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