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Forward elastic amplitudes of high-energy pions and kaons on nuclei
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Experimental elastic angular distributions for pions and kaons in the region of laboratory momentum from
600 to 900 MeV¢ over the nuclear-Coulomb interference region are analyzed to extract both the real and
imaginary part of the forward meson-nucleus scattering amplitude. For pions, results for the total cross sections
extracted are smaller than those found from transmission experiments. The real part of the amplitude is found
to have an interesting energy dependence. The significance of this result for the behavior of hadrons in nuclei
is discussed. For kaons, only qualitative results were obtained due to limited $0556-28188)01112-]

PACS numbgs): 25.80.Dj, 25.80.Nv, 24.10.Jv, 13.75.Gx

[. INTRODUCTION Exploiting this connection, models for elastic scattering
based on the optical potential can be u$8tito produce
In the scattering of both pions and kaons from nuclei atPredictions for total cross sections that can be compared with
energies of the order of a GeV, there exists a large anguléffata[“]- These suggest that the partial widths for the decay

region in the forward direction where the nuclear and CouOf the baryon resonances to the elastid channel are in-
reased by a small but significant amount in the nuclei.

lomb amplitudes are of comparable size. This means that it igl‘hese results add to a growing body of evidence from kaons

possible to extract from elastic scattering data in this regioTS_ﬂ photons[8,9], and pions[3,10] suggesting that the
both the real and imaginary part of the strong amplit“degropérties of hadrons are changéd in nuclei.

Both pieces of information are interesting, as each part of the |, the analysis of Ref3], the effect of the medium on the
amplitude contains independent information concerning thgaryon resonances was accounted for by a change in the total
dynamics of meson-nucleus reactions. width, taken from Ref[8], and by a parametrized change in
The density(and, more generally, the density and tem-the partial width for decay into the elastieN channel. The
peraturg dependence of hadron properties is an essential insize of the total cross sections could be explained by renor-
gredient in understanding such contemporary problems agalizing the effective coupling constants of pions to nucle-
the transport of hadrons in nuclei and the equation of state adns by about a 15% increase in the avera®eN* coupling
nuclear matter. Pion, kaon, and photon scattering in the Ge¥onstant for the low-lying baryon resonances abovethe
region are potentially rich sources of information about these In the meantime, high-energy™~ elastic scattering angu-
medium modifications because of the ease with which theyar distributions have become availallel]. These precise
excite a large class of baryon resonances. By using moderhata add to the rather limited get,12—14 of previous data
optical model technology, one can make the connection tand thus provide additional information relevant to the be-
the resonance amplitude, and perhaps learn how the charaeavior of baryon resonances in nuclei. It also makes it pos-
teristic properties of the resonancétheir masses, total sible to check for consistency with the previous total cross
widths, and partial decay widths into pions and nuclg¢@me  section data[4] from which the earlier conclusions were
changed in the nucleus. The forward scattering amplitude isdrawn[3]. The main purpose of this paper is to determine the
particularly sensitive to the resonance properties, and by exmaginary and real parts of the pion-nucleus scattering am-
amining the energy dependence of this quantity, one can s@litude by analyzing differential cross section datd] for
lectively study the resonances in different energy regions. pions elastically scattering frof’C. We also examine the
Customarily, transmission experiments are used to megsossibility of performing a similar analysis for the recently
sure the total cross section which is related to the imaginaryneasured 15] kaon-nucleus differential elastic cross sec-
part of the forward scattering amplitude. Although the realtions.
part of the forward scattering amplitude may, in principle, be In Sec. Il we present the details of our Coulomb-nuclear
determined from transmission measuremeifs this has interference region analysis together with the results of this
only been dond?2] for the case of pions in the resonance analysis. We also present some theoretical results for scatter-
region scattering from medium to heavy nuclei. The imagi-ing in which the excited baryons are modified by the nuclear
nary part of the forward scattering amplitude, because it remedium in order to understand the magnitude that these ef-
lates to the total cross section through the optical theorenfects might have on the pion-nucleus forward scattering am-
provides a consistency check between the elastic data amditude. In Sec. Ill we discuss the significance of the ampli-
total cross sections extracted from transmission experimentgude analysis and draw conclusions.
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6 . , We follow Ref.[17] for our amplitude analysis, using the
(a) | expression in Eq(2) for the forward scattering amplitude.
This expression is inserted into EJ) and the parameters fit
to the forward angle experimental differential cross sections.
The results are extrapolated to zero degrees to obtain
Fn(0)=Agt+iA,.

There are two sources of Coulomb corrections that need
to be taken into accoumd7]. The first is a correction for the
finite-size extent of the Coulomb interaction, which modifies
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(b) Z, Z’ the charges of the nucleus and projectile, respectively,
B is the velocity of the projectile in the center-of-ma&i)
frame, and wher®Rg=R{+R?, with Ry and R, the root-
mean-squarérms) charge radii of the nucleus and the pro-
jectile, respectively, andl is the CM momentum of the pro-
jectile.

The second Coulomb correction is the Coulomb phase
that appears in the partial wave expansionFgf 8). This
can be removed by setting
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FIG. 1. Real(a and imaginary(b) parts of the point Coulomb Where the Bethe phagé8] ¢ is found by averaging twice
amplitudef . (open squargsand the nuclear amplitudgy [see the Coulomb phase over the strong interactiomatrix
Eq. (1)] (solid circles for " on '%C at 610 MeV¢ calculated with _ _
ROMPIN plotted against sf#/2. The points on the curves correspond t,=exdi é,]sino,, 6)

to angles varying from 4 to 15 degrees in one-degree steps.
where §, is the phase shift of the strong interaction. An

1. ANALYSIS explicit expression for the Bethe phase has been obtained in
the Gaussian density approximation of West and Yennie
The prospects for determining reliably both the real and19],
imaginary parts of the forward elastic scattering amplitude
Fn(0) = Y[C+In(2k3(R2+R2)/3)]+ 20y, (6)

Fel(0)="fcp(0)+Fn(0) (1)  WwhereCis Euler's constant¢~0.5772) andR; is the radius
' of the strong interaction.

. . . The limitations of the method are discussed in R&7)].
are quite good for modern experiments such as that in Refrhe model dependence of the method enters throfigh

[11],”whe:5e th% rgeasuremgp;s ared m:{acie tQOvlvn to anglesirgrchce in order to calculatég one needs to know the strong
small as > or egrees with good statistical accuracy. 1@yiaraction, which is the object of the study. Fortunately, as
illustrate .thIS, we show in Elg. 1 the real and imaginary partSe clear from the result in Eq6), bg is insensitive to the
of_the point Coulo_mb_ amp“tydé‘?vpt(e) and the nuclear am- strong interaction. We have further studied the model depen-
plitude Fy(#) at incident pion momentum of 610 Me&/ dence ofeg for pions on 1C by using Eq.(6) on the one
calculated with the cod&ompPIN [16], which does Fermi hand(we usedRy=2.42 fm for 1°C, soR.=2.55 fm, taking
averaging of the(resonant plus backgrouhcorojectile- R,=0.8 fm for the pion and by taking the strong interaction

nucleus amplitudes and incorporates relativistic kinematic hases in Eq(5) from the model of Ref[3] on the other. We
Note that the two amplitudes are of comparable size fo ound that for the energies of interest in this paper, &.

angles out to 15 degrees or beyond, so that one can u - ;
Coulomb-nuclear interference analyfi¥] to determine the fﬂf“cﬁﬁ?rggﬁ Crgr? %eel i?;;gf/[e?ﬂ rﬁgﬁé\felcr)sgyt?kg;g
real and imaginary parts separately from the data. An inspec‘tbS be '\él.ightly smaller thaiRy, (we fOljnd thatRS'=2.35 fm

:Ig: ggf ,:Eee raerglpgaudd?rﬁalgin':;%} ;a?tg ogstgzar:ljgletglrsaﬁgﬁféreproduces the results of R¢8] rather wel); the reduction
are to7 a very good approximation linear in %if2. This al- Sresumably_ accounts for the fact that the nucleus is transpar-
lows us to represent the amplitudes by four par-amem{s entto the pion at high energy _and that the Gaussian approxi-
Bo A andB, ’  mation does not exactly describe the case we are examining.
Ry Sl L Additionally, as we understand from its definition, the Bethe
phase can have an imaginary as well as a real part, but we
Fn(0)=Agr(1—Bgsirf6/2)+i A, (1—B,sirf6/2). (2)  have again found by explicit calculation, using the theoreti-
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cal results of Ref[3] for Eq. (5), that the imaginary part of TABLE I. The pion-*?C amplitudes as defined in E() ex-
the Bethe phase is only 1-2% of the real part and henctacted from a fit to the forward angle differential cross sections.

negligible. The errors given are statistical only.
Although we use a model for the strong-interaction radius=—
R, in the calculation of the Bethe phase, we stress that evelf= (MeV/c)  Ag (fm) Br A (fm) B,
a fairly large error in its value has little impact on our final 610 —291+031 1081 6.59-006 28.6-0.9

results. This is because the model dependence we have esti- 710

. 0.522-0.06 330:0.1 7.46:0.04 37.6:0.6
mated from our tests is very much smaller than the errors

. d d by th . | istical and . 790 —-1.24+0.04 160t2 7.85-0.04 44.3:0.7
Lr;trr;‘). uced by the experimental statistical and systematic er- 895 1674002 116:08 8772001 51808
After the corrections for residual Coulomb effects are
made, we obtain the strong amplituéig(0), to which the o ) o
optica| theorem app“es to get the tota| Cross Section The source Of the d|ff|CU|ty here IS a Comb|nat|0n Of Very
small statistical errors and wiggles in the data that could not
A be described without very high powers of 4i2. We be-
Tror="p~ IMFs(0). (7)  lieve that these wiggles cannot be physical and are most

likely due to systematic errors which are evidently not ad-

We are thereby able to determine the strong amplitude f£quately accounted for by a uniform renormalization of the
zero degrees and the implied total cross section with reasolata. The results for, are 265, 279, 255, and 252 mb, and

able accuracy. The theory of the Coulomb-nuclear interferfor ReF(0) we find —3.47,-0.329,—1.87, and—3.53 fm.
ence region is discussed thoroughly in Ref7] where the A visual examination of the 895 MeWHata indicates that

reader may find the underlying theoretical detail. the first data point is low. We examined the possibility that
the results for the forward amplitude might be affected by
this one data point by discarding this point and repeating the
analysis. We now find that the minimug?/N; occurs for
Our procedure is quite straightforward. Taking the dataeight data pointsN;=4) just as for the other energies and is
given in Ref[11], we fit the parameter&g, By, A,, andB, equal to 10.4, an improvement over the previous result of 28.
of Eq. (2) to the experimental points for each measured elasThis new analysis produced a small change in the imaginary
tic cross section by minimizing? using the prograrmiNuIT part of the forward amplitude, changimg,, from 239 to 252
[20]. For this part of the calculation we used the statisticalmb, and a larger change for B€0) from —3.53 to —2.66
errors. The exact number of data points to be used in thém. We find that the analysis is stable against the removal of
analysis is determined by fitting with the filstdata points, an additional point in the forward direction. This is also true
then repeating the fit with the firdd +1 points. When the for the data at the other energies.
addition of a point causes an increasexifiN; (N is the The values for the four parameters of Ef) that were
number of data pointdN minus the number of adjustable determined from fitting the experimental data of Rigfl]
parametersN,,,), we stop and use the results for the fist are shown in Table I. The effect of shifting the data upwards
points. and downwards to account for the systematic errors is very
For the data from Ref{11], we find N of 8—10(corre- much as expected, namely values that differ from those
sponding to angles out to 12—15 degnesettisfies this crite- given in Table | by about 10%. In most of the fits, the pa-
rion at each energy. To take the systematic error of 10—12%ametersAr, Bg, A,, and B, were determined to a few
into account, we perform this analysis three times, once witlpercent by the fitting procedure. The forward scattering am-
the data as given in Reff11], and once with the data raised plitudesFg(0) which result from this analysis are given in
by 12%, and once with it lowered by 12%. We have care-Table Il
fully examined they-squared space and have found deep and We have also attempted to perform this analysis utilizing
narrow valleys where the fitter would stall and also very flatthe data from Refd.12] and[13]. We were not able to find
regions where the fitter would also stall. However, we havean acceptable fit to these data. Examining the data closely we
in all cases found only one minimum. We did not locate anyfind that there is a systematic fluctuation in the data. For Ref.
additional local minima. The resulting” per degree of free- [12] (Ref. [13]) the points group themselves into subgroups
dom Ny is x%/N;=1.6, 0.6, 0.7, and 28, witlNs=N—Np,  of six (five) that form a smooth curve, but that these sub-
=4,4,4,6 at 610, 710, 790, and 895 MeVIThis is quite  groups do not smoothly align with each other. Although the
acceptable for all the data sets except the 895 MeMke. fluctuations between the subgroups are small, we were not

A. Analysis of ~ scattering data

TABLE Il. Coulomb correctiongsee Eqgs(4) and(6)] and the final values for the strong amplitudes at
zero degrees for piof’C scattering. The first error is statistical, and the second systematic.

k-2 (MeVi/c) — ykR2/3 (fm) g Re F(0) (fm) o1 (mb)
610 0.271 -0.130 ~3.47+0.31+0.17 265-2+15
710 0.309 -0.141 —0.329+0.06+0.09 279-1+16
790 0.338 -0.148 —1.87+0.04+0.31 255-1+15

895 0.376 —0.159 —2.66+0.05+0.23 252£1+14
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TABLE lIl. The forward amplitude[see Eqgs(8) and (9)] for which we expect to be larger i#?C than °Li, would
K* scattering as determined from the fit to the data of IRES). modify this relation. We can check the importance of
Only statistical errors are included. multiple scattering using the lowest-order optical po-
tential. In the model of Ref.7], we find a= —0.596
for K* on a *°C target at incident momentum of 715
1.17+1.18 4.670.36 2.2-0.11 4.954.99 28.7%1.65 MeV/c, and a=—0.528 on a’Li target, indicating
that our scaling assumption, although not exact, is
reasonable in this case.

' . . . Note that these assumptions do not necessarily rule out
I f le al hm f I h f I ) -
able to find a suitable algorithm for selecting the number Oawe possibility that the medium effects #Li and %C are

1O4a Al,C (fm) AI,Li (fm) 1074BR B|

data points that would provide a stable answer. We note tha ifferent. Presumably, if medium effects exist, they would be

the data is taken for a group of angles for each positioning o L .
the spectrometer. This systematic fluctuation in the data igg;:gg:gg 'Ig ?rl]f;erear:;r?‘l\s;all st;er?dgt:s T‘EgézeEarQ?g)tu:ne ds, as
most likely related to each actual physical angular setting o[ P e L d

9) below].
the spectrometer. With these two assumptions, the amplitude in E2}.for

_ _ K* would become, for*?C
B. Analysis of K* scattering data

In Ref.[15], angular distribution data is obtained figr" FN(TC,0)=a A| (1—-Bgsin0/2) +i A (1-Bsirf6/2),
scattering fromSLi and '*C at 715 MeV¢. The amplitude ®
analysis of this data proceeds exactly as it did for the pion.
We have taken the first four pointsut to 22 degregsto 6y ;

. : and for °Li,

encompass the Coulomb-nuclear interference region. We
found from the theoretical calculations that such an interval,
for pions, would surely con+tain significant éanz terms. The g (6 g)= a A | (1-Bgsir?0/2) +i A, i(1—B,sirf6/2),
angular variation of theK™-nucleus amplitude is weaker 9)
than it is for pions(due to the weaker interaction and fewer
partial waves in theK*-nucleon scattering amplituflend
thus permits a larger angular region to be used. for a total of five parametersy A ¢, A, i, Br, andB)) to

The fact that there are four parameters to be determinebe determined by the two data sets together. Since there are
for the Coulomb-nuclear interference measurement is prokeight data points within the Coulomb-nuclear interference
lematic, because there are only four data points in theegion, they? minimization procedure will give a meaning-
Coulomb-nuclear interference regiph5] and each has sig- ful test for the assumptions made above.
nificant statistical and systematic errors. We find that this We have made the analysis based on E§s.and (9)
number and quality of the data is insufficient to make aabove, and the results are given in Table Il for the and
meaningfuly? fit of the four parameters in Eq2). The only ~ '2C at 715 MeV¢ incident laboratory momentum. The cor-
way, short of additional data in the Coulomb-nuclear inter-rection for the Coulomb interaction proceeds just as in the
ference region foK ™, to get a determination of the param- case for pions, and the results are given in Table IV. We
eters is to make assumptions that relate the parameters fbave taken the Coulomb radil&s,=0.8 fm for the kaon as
12C to those for®Li and to fit to the combined data set. The well as for the pion, s&. is the same as for the pion in the
following assumptions permit a fit of this type, but conclu- case of'?C. For °Li, we takeRy=2.56, SOR;=2.68 forK *
sions drawn from a fit based on these assumptions should lu SLi.
treated as quite tentative: Our fit to the combined data set givgs/N; to be 3.8.

(1) The parameter8g andB, are the same fofLi and  Our assumptions thus do not obviously contradict the data.
12C. The reason for this is that the shape of the anguThe errors on the total cross section are about 8 and 5%,
lar distribution, in contrast to the overall magnitudes, respectively, for'2C and 6Li. The real parts of the forward
are expected to be determined by the geometry of thecattering amplitudes are, however, not so well determined,
nucleus. This is true both in the Born approximation having 100% errors. About all one can say about the real
and in the diffractive limit. Note that the radii of the parts is that they are positive and small. We do not believe
two nuclei are the same to about 4%. Thus, in thethat the quality of the results combined with the unknown
limit that the two densities differ only in their overall dependence on our assumptions merits an analysis that
norm, we expect these parameters to be quite similaswould also include the systematic error.

(2) AR(*C)IA (*C)=Ag(CLI)/A/(°Li) =a. This as-
sumption would be expected to hold if the amplitudes g £ v, coulomb correctiongsee Eqs(4) and(6)] and final

were propqrtional to a medium modified two-body \ 5,5 for the strong amplitude fé¢*. Only statistical errors are
amplitude times the density, such as would occur for,cjuded.

nucleons uniformly distributed in boxes of the same
radii and to the extent that the medium modificationstarget — YKRZ/3 (fm) ¢g ReFg(0) (fm) Im Fg(0) (fm)
affect the real and imaginary parts of the scattering
amplitudes in the same way. The fact that the real and3c -0.411 0.216 0.5980.598 4.65-0.36

imaginary parts are slowly varying functions of en- 6 ~0.211 0.109 0.02880.0288 2.210.11
ergy supports this assumption. Multiple scattering
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FIG. 2. Total cross sections fer™ on '%C as derived here and FIG. 3. ReF(0) for 7~ on 2C as derived here and given in

given in Table 1l compared with earlier determinations. The resultsTable Il. The curves are the same as in Fig. 2.
of the present analysisolid diamondsare plotted with the data of

Clough (Ref.[4]) (open circles and the results of TakahastRef.  rom two to four orders of magnitude smaller than the mea-
[11]) (open squaresThe dashed curve is the free isospin averaged,;rements of the most forward-angle data, is sensitive to
pion-nucleon total cross section times 12. The solid curve is they | effects and hard to fit in models. The relevance of the
result of a calculation utilizing a covariant optical potential which back-angle data to the total cross section is obscure in phe-
includes Fermi averaging and multiple scattering. ac ge . P
nomenological model&uch as the one we are using as well
as that of Ref[11]) that leave out higher-order terms in the
. optical potential.

Because total cross sections for pions in the GeV range of \ye also present in Fig. 2 two curves. The dashed curve is
energies have been obtained from transmission experimentg,e spin and isospin averaged free two-body total cross sec-
we are able to compare the imaginary part of the empiricafion multiplied by 12. The two peaks in this curve corre-
forward scattering amplitudes determined from thegpond to the two groups of excited baryons which are present
Coulomb-nuclear interference analysis to independent detefn thjs energy regime. The solid curve is the result of a first-
minations using the optical theorem, E@). We will do this  order optical potential calculation without medium modifica-
for both pions and kaons in this subsection. tions to the resonances utilizing the corempIn [16]. We

Additionally, for the case of pions, we will compare our gee that the Fermi averaging over the momentum of the
empirical results to theoretical calculations based on existingtryck nucleon plus the broadening caused by multiple scat-
models that have been proposed to understand pion scatt@gying greatly removes the peak structure in the cross section.
ing data in the GeV energy region. As there have been no |5 Ref. [3], the discrepancy between the solid curve and
previous experimental determinations of the real part of thgne gata of Ref[4] was interpreted as evidence for a sub-
am_plitude, there are no_independent measurements Witlyantial renormalization of the averagd!N* coupling con-
which we can compare this quantity. stant of all resonances lying in the region between 600 and
900 MeVk. With the smaller total cross sections that we
have extracted here, there is no longer evidence for such a

In Fig. 2 we compare our total cross section results fodarge uniform renormalization. In fact, the theoretical curve
pions with previous measurements. We see that the forwari$ reasonably consistent with the data. The experimental
amplitude(solid diamondsthat we have extracted from the point at 710 MeV¢ lies slightly above the curve. Since this
data of Ref.[11] implies total cross sections significantly is near the peak of thB 5 resonance, a very tentative con-
smaller than thosé4] extracted from transmission experi- clusion might be that its coupling to the pi-nucleon channel
ments(open circles This conclusion is consistent with the should be increased a small amount.
results of Ref[11] (open squargsat least for the two lower The real part of the pion-nucleon scattering amplitude,
momenta(610 and 710 Me\W), with which our results are unlike the imaginary part, has the feature that it is composed
statistically consistent. However, our results at the twoof contributions from individual resonances that are not all
higher energies are not only smaller than those of the trangositive definite; the real part of a resonant amplitude
mission measurements, but also quite a bit smaller than thehanges sign as the energy passes through the resonance.
total cross sections obtained by the analysis in Ref]. This implies that a measurement of the real part of the pion-

The source of the difference between our results and thoseucleus amplitude provides different information from that
of Ref.[11] is the different fitting procedures used. In Ref. provided by the total cross section, and that the real part
[11], the parameters of the model were determined by minicomplements the imaginary part for the purpose of separat-
mizing x? using data over thentire angular range, whereas ing the contributions from the overlapping resonances in the
in our work only the forward angle data was used. Frommedium. The real part of the amplitude that we have ex-
examining their fitg[11], it is clear that large- and small- tracted is given in Table Il and pictured in Fig. 3. The ex-
angle data are not capable of being fit simultaneously. As gerimental results are interesting because they have a strong
result, their fit to the(relevan} forward angle data is much energy dependence, peaking at an incident pion momentum
poorer than ours, and this accounts for the differences seen of about 700 MeW¢. For comparison, we show the free two-
Fig. 2. Generally speaking the large-angle data, which idody amplitude times 12dashed curveand the theoretical

C. Comparisons to earlier data and to theory

1. Pions
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FIG. 4. The total cross section far~ on *°C as derived here FIG. 5. The same as Fig. 4 except RE0) is presented.

(diamonds$. The solid curve is the same as in Fig. 3, the results of
the optical model calculation. The dashed curve includes the addhot necessary. There is a sufficient difference between the
tional broadening of the baryon resonances according to E&fs. solid and dashed curves for both the real and imaginary parts
and[8]. The dotted curve is the same as the solid curve except thg¢ F(0) that such an effect could be detectable. We have also
mass of the-ys resonance has been lowered by 50 MeV. The dot-ayamined the sensitivity to the in-medium masses of the
dash curve is the same as the dashed curve except the mass of P%%onances by repeating the above two calculations with the
F1s resonance has been lowered by 50 MeV. mass of theF ;5 lowered by 50 MeV, the value of the shell-
model potential at the middle of a nucleus. TRemPIN
results ofROMPIN without medium modifications of the reso- curve with the shifted=,5 mass is the dotted curve in both
nances(the solid curvg The free two-body amplitude has figures. Foro, the peak near 1 GeVis shifted downwards
two bumps, the one lower in energy appearing in the regiomy about 50 MeV, as expected, and there is a substantial
of the D3 resonance, and the higher one appearing in thenhancement of the total cross section in the region between
region of theF 5 resonance. Note that the free amplitude600 and 900 MeW. For ReF(0) the peak near 1 Gev/
even changes sign in the region of thg resonance. Fermi is also shifted downwards in energy, and the magnitude of
averaging and multiple scattering, given by the solid curveRe F(0) is enhancedF(0) becomes more negativérom
wash out much of this structure. Note that there is still a800 to 1100 MeW¢. For the results which have the additional
bump in the region of th& ;5 resonance, but that the ampli- medium broadening taken from R¢8] (dashed curvesthe
tude is now negative over the entire energy region. change in mass of thie,5 (dot-dashed curvedas relatively
The peaking of the experimental real part occurs at a conlittle effect. If the widths of these resonances are as broad as
siderably lower energy than the peak in our solid curve, andmplied by Refs[3] and[8] the effect of mass shifts will be
we have tried to understand this discrepancy. We have triedifficult to extract.
variations of our data analysis. For example removing the The type of medium effects we have examined here do
first data point from our Coulomb-nuclear interference analynot appear to be able to reproduce the experimental results.
sis. In all cases, the results we find remain stable, but we din particular, the peak of R&(0) near 700 MeV[more
find that they? surface is very flat. We have searched forcorrectly described, this is a dip in the magnitude of
a local minimum that would produce a larger negativeReF(0)] is afeature that is not in the theory. This intriguing
Re F(0) at 710 MeVt but did not find one. The result ap- result should be verified by data taken at closely spaced en-
pears to be very stable. The errors shown in Figs. 2 and 3 akergies.
dominated by the systematic normalization errors in the dif-
ferential cross sections, which we have accounted for by re- 2. Kaons
fitting the data after raising and lowering the cross sections

by the appropriate amount. The slope of the data is ver ble V. where th dt its of ind dent
important in our analysis, since it is necessary to extrapolat abie vV, where Iney are compared to resuits of independen

the results into a zero angle. If the slope of the data were i@“easu_feme”ts of _total tcrofrsl sectidias| ?Xtr."f[‘ﬁttehd from_
error (we have no reason to believe that it isen this could ransmission experiments. 1he agreement wi € previous
result in much different values ¢¥<(0). data is rather satisfactory and lends support to the parametri-

In Figs. 4 and 5 we present the data fag, and ReF (0) zation we have chosen in Eg&) and (9). The value for

as extracted in this work together with several theoreticaﬁe F(0) for the kaon which we here extracted cannot be
curves. The issue we wish to examine is how sensitive is ] ] .

F(0) to medium modifications of the excited baryons. The TABLE V. Comparison of the results of this paper fiir" to
solid curve in both figures is the result froroMPIN without total cros_,s_sectlons as ex_tracted from transmission experiments.
medium modifications to the resonances. In R8f.we in-  OnY statistical errors are given.

creased the in-medium widths of the resonances according toTar ot
the results of Refl8]. Applying this model gives the results 9
pictured as the dashed curves in Figs. 4 and 5. We do not %c 4.65+0.36 17314 178.66-0.72
employ the increase in the coupling constants suggested in 6| j 2.21+0.11 88+-4 87.05-0.64
Ref.[3] as our analysis heree Fig. 2indicates that this is

The forward scattering amplitudes f&t* are given in

ImFg(0) (fm) o7 (this work) o (previous
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compared to the results presented in RR]. There, this the total cross sections should be performed at modern facili-
same data was analyzed utilizing a phenomenologicdies. Furthermore, because of the interest in the real part of
second-order optical potential. In order to find a consistenthe forward elastic scattering amplitude, strengthened by the
interpretation of the total and elastic differential cross secstriking energy variation in Table Il and Fig. 3, it would be
tions for a variety of nuclei simultaneously, the differential useful to have more measurements of the angular distribution
cross sections had to be renormalized substantially. Thiat finer energy steps to both confirm the results we have
would necessarily alter the value B{0) that would result.  extracted from the data of Ref11] and to pin down the
shape of the energy dependence. It would be useful to have
these data up to several GeV, covering the full range where
the baryon resonances occur. The region over which the
We have argued that the forward-angle strong meson€oulomb-nuclear interference analysis can be performed is
nucleus amplitude is interesting because properties of hade lowest approximation a region of fixeaf, assuming the
rons in the nuclear medium can be addressed from knowlkwo-body amplitude is not particularly energy dependent.
edge of this quantity. The relevant quantity to be measured i$hus the angular region of 5—15 degrees at one GeV would
the differential cross section in the Coulomb-nuclear interbecome approximately 2.5-7.5 degrees at two GeV. Data for
ference region from which the real and imaginary parts of théoth charges of the pion would also be most useful.
forward scattering amplitude can be extracted by a simple ForK™, it is important to have more and higher statistics
model-independent fitting procedure that we apply to existmeasurements in the Coulomb-nuclear interference region
ing data. Coulomb-nuclear interference, which is significantbetween 5 and 20 degreeso that the amplitude analysis
over a measurable angular region, allows the extraction ofan be carried out without additional assumptions. The ex-
both pieces of the forward amplitude separately. The unceiisting data for total cross sections as derived from transmis-
tainty arising from our parametrization of the amplitude ission experiments indicate that the kaon-nucleon coupling is
significantly less than the uncertainty arising from the ex-effectively increased for the nucleon in a nucleus. Having the
perimental errors. Our main interest has been in determiningprward angleK* amplitude would provide an additional
this amplitude for existing data, rather than its interpretationndependent constraint on any theoretical model.
in terms of the medium modification of hadrons, which will A complete picture requires data from other final channels
be the subject of a future publication. and a theory general enough to incorporate this data into the
Pion-nucleus scattering is of particular interest because analysis. Data on quasielastic k@4 scattering and quasi-
its underlying resonance structure. For a single isolated res@lastic pion scattering, both with25] and without [26]
nance, data over the peak of the resonance can be useddoarge exchange, have been measured with additional data
determine its in-medium properties. Such is the case for theoming from KEK. Exclusiver* and 7~ elastic and charge
A3 resonancd23]. Determining the in-medium properties exchange data arii™ charge exchange would also be useful
resonances above thks; requires that the energy depen- in understanding the isospin dependence of any missing
dence of the pion-nucleus amplitude be known over a largepiece of physics. Additional data is being taken at KEK and
region due to the fact that these resonances are overlappinghould be available soon.
Knowledge of the real part of the amplitude, which we find
to have a striking energy dependence, will be particularly
useful in this case. Wg ha\(e shown that the energy depe_n— ACKNOWLEDGMENTS
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