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Photoabsorption on nuclei in the energy range 0.52.6 GeV
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The energy and nuclear mass dependences of the total hadronic cross section in the energy range 0.5-2.6
GeV have been measured at Bonn using the SAPHIR tagged photon beam. The measurement, performed on C,
Al, Cu, Sn, and Pb, provides the first photoabsorption data in the region 1.2-1.7 GeV. The results show a
significant reduction of the photoabsorption strength on the bound nucleon compared to the free-nucleon case
in the whole energy region. Above 1.2 GeV this reduction decreases with the average nuclear density.
[S0556-28189)01512-5

PACS numbsgps): 25.20.Dc, 12.40.Vv

[. INTRODUCTION nuclear and photonucleon cross sections, and the average
nuclear density dependence.

The modification of the hadron properties and of the el-
ementary couplings in the nuclear medium is one of the top-
ics in nuclear physics currently addressed in various experi-
mental and theoretical investigations. The photoabsorption measurements were performed using

The properties of baryon resonances in nuclei have beetime photohadronic method. This method consists in measur-
studied in recent photoabsorption experiments at Frascaiihg the photoproduction yield of hadronic events with a large
[1-3], Mainz [4,5], and Bonn[6]. These showed significant solid angle detector, rejecting the vastly preponderant elec-
medium effects: while thé resonance is only slightly dis- tromagnetic events by a separation using a forward angle
torted, higher excited nucleon stats$, in the second and shower detector. The photohadronic method was success-
third resonance regions, are washed out. Furthermore, fdully applied in all previous measurements of the total pho-
photon energyk>0.6 GeV the absolute value of the cross toabsorption cross section above thaesonance excitation
section per nucleon is reduced, with respect to the freeenergy.
nucleon case. The measurement was carried out at Bonn using the

The mechanism of this damping is not yet well under-SAPHIR tagged photon beafii3] of the ELSA accelerator
stood. In the resonance regi®6—1.2 GeV Fermi motion  and an apparatus similar to the one previously used at Fras-
and Pauli blocking alone are unable to reproduce the res@ati for nuclear photoabsorption measurements up to 1.2
nance disappearance; therefore strong effects in the excit&eV [3]. A schematic layout of the photon beam line and of
tion, propagation, and interaction of the baryat and me-  the detector is given in Fig. 1.
son[8,9] resonances in the nuclear medium are advocated.
At higher energies vector meson dominafe®1D) models
predict sizable shadowing effects starting from about 2 GeV
[10-12. The photon beam was produced by the bremsstrahlung of

In this paper are reported the results of the photoabsorpelectrons extracted from the ELSA accelerator into the
tion measurements on C, Al, Cu, Sn, and Pb performed &8APHIR beam line. The energy of the scattered electrons
Bonn between 0.5 and 2.6 GeV. The cross sections for C angdas measured in the tagging system TOPAS Il which also
Pb have been already publishig]. Here the cross sections supplied the trigger for the events. The tagging system con-
for the other nuclei are given along with the evaluation of thesisted of a bremsstrahlung radiator, a dipole magnet, and a
reduction and the average nuclear density dependence of ttegger made by two multiwire proportional chambers
photoabsorption strength in different energy regions. (MWPC3y placed in front of scintillation counters.

In Sec. Il the experimental setup and method are exten- As a radiator(R) a copper foil 0.008, thick (X, being
sively described. The analysis procedure is reported in Sethe radiation lengthhas been used. The dipole magnet had a
[ll. In Sec. IV the results of the measurement are presentednaximum deflecting power of 1.2 Tm, corresponding to a
specifically the cross sections, the ratio between photomaximum end point energi,=3.3 GeV. For this measure-

ment, the higher-energy-resolution information from the
MWPC of the tagger was not used and the photon energy
*Corresponding author. Electronic address: valeria.muccifora@vas reconstructed from the timing hodoscope only. The lat-

Il. EXPERIMENTAL SETUP AND METHOD

A. Tagged photon beam

Inf.infn.it ter consisted of 14 scintillator countef§1-T14), each 4.5
TCorresponding author. Electronic address: nicola.bianchi@m thick and different in size, providing a photon energy
Inf.infn.it resolution ranging from about 9% for the lowest energies to
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FIG. 1. Schematic layout side view of the experimental séhap to scale R, radiator; TM, tagging magnet; T1-T14, tagging counters;
BD, beam dump; M1-M3, sweeping magnets; C1-C4, lead collimators; RC, remote control system for target movement; T, target; HD,
hadron detector; SD, shower detector.

about 1% for the highest energies. The tagger covered thigame and moved into and off the photon beam by a remote
photon energy range 0.Bg—0.95,,. In this experiment the control (RC) system.

photon energy range 0.5-2.6 GeV has been covered, with In order to reduce effects due to possible changes in the
large overlapping regions at three electron beam enefgjes €lectron beam, empty frame measurements were regularly
= 1.6, 2.2, and 2.8 GeV. interspersed inside a complete cycle of target runs and their

The photon beam passed through a set of collimators angPntributions were subtracted. The empty frame yields,

the SAPHIR apparatus. The three collimators C1—C3 definef@inly ascribed to the photon beam interactions on materials
a 1.5 cm diameter photon beam at the target position, whil@/ong the beam line and on the target frame, were equivalent
the three sweeping magnets M1—-M3 strongly suppressed tH@ !ess than 1 g cn? of lead and were found stable within

charged background in the beam. ~0.8% during the whole measurement.
The lead glass shower detector SD allowed the simulta-
neous measurement of the tagged photon flux for each tag- C. Detectors

ging channel. The photon beam intensity and the tagging A Naj crystal hadron detectoiHD), consisting of four
efficiency(defined as the ratio betwee_n the number of tagg_e‘ti,ylindrical sectors, each 60 cm long and 12 cm thick, sur-
photons and the number of counts in the relevant taggingoynding the target, detected the charged hadrons and neutral
channel were measured on line for each energy interval.  mesons produced by the photon interaction in the target. The
In Fig. 2 the tagging efficiencies of the 14 tagging chan-g|ectromagnetically produced leptons and photons, mostly
nels measured at the three electron beam energies are showhitted close to the photon beam direction, were vetoed by
The values range between 0.73 and 0.92, depending on bofRe Sp positioned about 1 m downstream to the target. Had-
the photon and electron beam energies. The decrease olpic absorption of a photon of a given energy was indicated
served for the first channefa/hich correspond to the highest by a coincidence of signals from the relevant tagging channel

photon energigsis due to both Mder scattering and the anq the HD without a simultaneous signal in the SD.
background on the tagging counters. The decrease observed

at the lowest electron beam energy is due to the wider brems- 095 — T — T T T T T 1
strahlung photon emission angle and to the strong collima- i e o
tion cut. > 09 2 SN o ]
The tagging efficiencies were found stable withinl% 8 9 gz 07
. . . . Q o~
during the whole data taking, as shown in Fig. 3 for two ‘g 0.85 [ 4 ~ ]
sample tagging channels. £ 85 1 //t/ » P N s 27 ]
[ & T~
o) A~
B. Targets % 0.8 T ///A B
o)) A
Solid targetgT) of C, Al, Cu, Sn, and Pb were used. They |8 075 b 54// i
had the form of disks 3 cm in diameter and thicknesses rang- R
ing between 0.08, for C to 0.2, for Pb (actual values are i
H H 1 | ! 1 1 1 1 1 1 | ! 1 1 1
given in Table J. 0.7 _ ; . . T 1o 12 1.

The effective attenuation of the photon beam due to the
electromagnetic interaction in the target was calculated for
each nucleus as a function of the photon energy. The average FIG. 2. Tagging efficiency of the 14 channels for the three dif-
photon beam attenuation ranged between 3% for C and 6.5%rent beam energies: 1.6 Gd¥fiangles, 2.2 GeV(squarey and
for Pb. The targets were individually mounted on a suitable2.8 GeV (circles. Dashed curves are only guides for the eye.

Tagging channel
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0.94 T T T ] ping photon energy regions. This allowed a check of the
0.92 a ] reproducibility of the measurements and gave an estimate of
= ""“’"""'M ] the systematic errors that could arise from different running
g 99F E_s3Gev ] conditions. Detector working parameters, such as HD and
% 0.88 [ ° SRR, b SD energy thresholds, were adjusted to optimize the effi-
% ; E,= 2.2 GeV ] ciency of the hadron detection and to reduce the electromag-
e S ] netic contamination at the different beam energies. The
% 0.84 __’ MM W tagged photon beam rate was kept constant at1®
= ‘ E =16 GeV ] photons/s in order to reduce the random coincidence con-
- 0827 N ] tamination. This amounted to about 1—6 % of the rate of true
0.8 [ g 3 events, depending on both the target and the electron beam
ro Lo Lo L ] energy. Nevertheless, the random coincidences were on line
0.78 50 10 150 measured and subtracted.
Run number The number of events collected at the three electron en-
ergies, for the five targets and for the empty frame, are given

FIG. 3. Tagging efficiency of channels Ti@rosses and T9 in Table |
(diamond$ measured in each run for the three different beam ener- '
ies.
g IIl. PROCEDURE AND CORRECTIONS

The HD angular coverage was 8 ¥<169° for the polar o
angle and almost for the azimuthal angle, which corre- ~ The measured hadronic yields were very close to the ab-
sponds to more than 98% of the full solid angle. As a resulgolute values of the total cross section, the off-line correc-
of its thickness, the HD detected about 4@30%) of the tions being very small. The latter were due(tpthe loss of
total energy carried by the hadrons produced by 0.5 G2V events with all hadrons emitted at a polar angle less than the
GeV) photons. This energy is remarkably higher than thatMinimum HD detection angle or depositing in the HD an
released in the HD by the products from electromagneti©nergy below the thresholdi) HD contamination due to the
events. products of unvetoed electromagnetic events with energy

The SD consisted of a dense SF6 lead glass cylinder, 38P°ove the HD threshold, ar@i) SD contamination due to
cm long and 12 cm in diameter. The large detector thicknes§'® €vents with hadrons releasing energy in both the HD and
(19X,,) provided an efficiency close to unity for detecting the SP above the relevant thresholds. i
electromagnetic showers generated from the photon beam !N order to calculate the hadronic correctignsand(iii) a
and both the Compton photons and the lepton pairs producdjonte Carlo(MC) simulation was developed, based on an
off the target. The lead collimator C4, placed between thdntranuclear cascade model for photonuclear reactions. This
HD and the SD, defined a maximum polar angle of 2.4° withcode[14] accounts for the photon interaction with nucleons
respect to the target center. This allowed us to detect both tHE the target through one-pion, two-pion, and multipion pro-
beam photons and the electromagnetic products originating_”Ct'O” processes in both resonant and nonresonant states; it
from the target, while strongly reducing the number of |0W_S|mulates the intranuclear cascade of the photohadrons,
energy hadrons which might reach the SD. In addition thavhich leaves the residual nucleus in an excited state that

threshold of the @renkov process in the SD provided a fur- emits low-energy evaporation nucleons and light nuclei. The
ther rejection of low-energy hadrons. HD response function to the hadrons generated by this

cascade-evaporative code was evaluated by using the
GEANT-3.21 code. Figure 4 shows the simulated HD response
function to the hadrons photoproduced on C and Al targets
The photon energy range 0.5-2.6 GeV was covered witlyy 0.84—2.66 GeV photons. Also shown in the figure are the
three different electron beam energies with widely overlapmeasured spectra with a threshold cut at 0.13 GeV. The

simulated and measured spectra are in good agreement with

TABLE I. TargetT, thickness g/cn?], yield (#) (x10%), and  each other. The broad peak shown at about 0.3 GeV is due to
average overall MC correctionsS( at each electron beam energy the hadronic events with at least one pion in the final state.

D. Measurement

Eo [GeV]. The empty framdEF) yield is also given. In order to evaluate the correctidii), electromagnetic
processes were simulated by using a modified version of the
Eo=1.6 Eo=2.2 Eo=2.8 GEANT-3.21 code, where the experimental energy and angu-
T Thickness  # P # P # P lar distributions of pair production in the energy range of

interest were explicitly introduced. In addition,ef@nkov

C 3.450-0.003 22 8.4% 60 58% 43 8.1% photon emission, the attenuation of ther€nkov light inside

Al 2.399+0.004 20 8.0% 66 54% 43 7.2% the lead glass, and the spectral response of the photomulti-
Cu 1.909:0.013 19 7.6% 62 43% 50 6.2% pliers were taken into account.

Sn  153%0.011 25 58% 66 25% 53 5.0% Checks of the MC predictions were performed in order to
Pb  1.240-:0.016 35 27% 53 —-04% 67 3.6% testthe effect of the energy and angular cuts on the effi-
EF 22 84 68 ciency and the acceptance of HD and SD.

The hadronic corrections, due to the finite angular accep-
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FIG. 4. Comparison between the simulatédstogram and . )
measuredsolid circles yield of the HD to 0.84—2.66 GeV photons |G- 6. The average C and Pb yields on all tagging channels,

on carbon and aluminum targets. The HD threshold setting was Ollngeasured for different SD solid angle coverage. The notations are
GeV the same as for Fig. 5. The arrow indicates the solid angle relevant

for the measurement.

tance of the HD and to the possible contamination of elec-

tromagnetic events not vetoed by the SD, were experimeraverage yields for carbon and lead targets, measurég at
tally tested by varying the HD solid angle coverage. This=2.8 GeV andEy,=2.2 GeV, respectively, are given: the top
was performed by moving the target upstream and downpanel refers to all tagging counters, while the bottom one to
stream from the position used for the measurements. Thihe three tagging channels at the lowest photon energies. In
comparison between the MC spectra and the experimentalur geometry, the missing HD solid angle can be approxi-
yields, for different HD solid angles, is shown in Fig. 5. The mated asw#%,,. The MC predictions have been param-

min *
etrized in the form oa—b#?2,,+c/ 62, wherea is the total

250; R cross section;-b#?,, represents the loss of hadronic events
i T1-T14 ] in the forward HD hole, and- ¢/ 62, represents the electro-
—_ 2001 ] magnetic contamination due to tie€ e~ pairs produced in
a * the target. As shown in the figure, the hadronic losses are
=150} \\'\*_\‘\’\ . slowly increasingyields decreaseas the missing HD solid
< [ el o o * ] angle increases, while the electromagnetic contamination be-
B 100 T T T T == 0 ] comes relevant only at a very small missing solid angle com-
g ] pared to the measurement positignelds increasg More-
50k E over, this contribution is important only for the lead target
i ] and at the lowest photon energies. All the experimental
o L l e yields are in good agreement with the MC predictions for
B y y ' ] both contributions.
T12-T14 The SD rejection efficiency as a function of the angular
200 [ . acceptance has been evaluated by measuring the vyields for
T [ ' ] varied radii of the C4 collimator. These yields for carbon and
S50 F ] lead, measured &,=2.8 GeV andE,=2.2 GeV, respec-
< T S o _ tively, are shown in Fig. 6 as a function of the forward solid
E 100 L ¢ T ] angIeQSDé 62 covered by the SD. The arrow indicates the
g actual solid angle used for the measurements. The MC pre-
[ ] dictions, parametrized in the form af+ d/Qgp, agree quite
s5or ] well with the experimental points. As is shown, the hadronic
: l ] cross section is constant in a broad range of solid angle val-
0 1

e ues, thus indicating that electromagnetic events were ad-
0 0.05 0.1 0.15 0.2

equately suppressed by the veto counter. An indication of the
Uncovered hadron detector solid angle [sr] d Y subp y

amount of the vetoed electromagnetic events is given by the
FIG. 5. The average yield on all tagging channgts) and on ~ Yield value atQsp=0 sr, measured by removing the SD

the three tagging channels at the lowest photon enefgiatom) ~ VELO. _ o
measured for different HD solid angle coverage. The carbon data Further experimental checks on the threshold efficiency of
for Eo=2.8 GeV(open circles and the lead data fdE,=2.2 Gev ~ both the HD and SD detectors have been performed, finding
(solid circle3 are compared with the MC predictiotidashed and @ very good agreement with the MC predictions. These
solid lines, respectively The arrow indicates the actual solid angle checks are extensively described in Ré5].

used for the measurement. The results of the above-described checks validate the
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300 T T T T T ] 40 TABLE lIl. Total cross section§ub] and statistical errors nor-
250 3 Aluminium - 35 = malized to the_mass numb@rat the photon energly [GeV]. The
F - {30 @ average valud\ is calculated weighting each nucleus cross section
T 200Ff %o ; 8 value with its statistical error.
= [ e g ] 25 =
[ 3 [1:3
< 150 f %86%81#0 - 1208 Total cross sectiond
o 100 | R M {158« c Al Cu Sn Pb A
[ 110 =
50 3 5 = 0.53 229-3 240:3 2444 25654 2714 243+2
o ; , , , ) , 0 0.63 1973 211+3 2084 2154 2135 207x2
0 0.5 1 1.5 2 2.5 3 0.73 1921 195+2 195+3 199+2 180+3 193+1
Photon energy [GeV] 0.87 1701 170+2 176+2 1743 160+3 171+1

FIG. 7. Aluminum cross section measured at three electror%)'93 1682 161x3 169£2 171x3 1543 167:1
beam energies: 1.6 Geléquareg 2.2 GeV(circles, and 2.8 GeV 1.07 1501 1482 1532 152+2 142:2 150+1
(triangles, on the left scale, MC correctiosolid line) due to the ~1.19 1382 1343 142£3 145:3 134t3 1391
hadronic losses and electromagnetic contaminations on the right32 1341 132+2 136+2 136+3 133:3 134+1
scale. 143 1262 126+3 134+4 137t5 133+5 129+2

154 123-1 125t2 1342 134+3 132+3 127+1
high reliability of the MC predictions. The average contribu-1.70 1212 120+3 126+3 1184 1304 122+1
tions of the whole corrections, as a percent of the yields fon.83 1122 121+3 1223 119+4 122+4 117+1
all the studied nuclei and at the three electron beam energies,96 1142 112+3 1184 116+4 119+5 115-1

are reported in Table I. 2.06 1143 121+5 112+5 116+6 1106 1152
218 1164 110+5 114*r5 122+6 119+7 116+2
IV. RESULTS 228 1144 1006 115+6 108+7 107+8 110+3

239 114 985 1076 1017 1098 106+2

250 122:5 1027 117+=7 1128 122+9 116+3

The cross section values were obtained by applying to thesg 1085 1127 101+=7 1189 12410 111+3

yields the previously described MC corrections. As an ex
ample of the quality of the data in Fig. 7 the cross section on

aluminum, measured at the three electron beam energies, iS50, tor ¢ and~5% for Pb.

;Ihn?:)vsnt 22?32?1; a\:\t”;hbct)h(te5I\f{/|c'nctc;mréer?ch;ﬁ:o}hrﬁal‘?]ttirterri?ﬁg The cross section data measured at the three beam ener-
utovol g ini ies have been partitioned and averaged in 19 bins of energy

this m(::astljre{tmhent. ﬁ\s ttrc: be seen the three data sets are v ¥out 100 MeV wide. The resulting total cross section val-
consistent with each other. ._ues, normalized to the mass numbBeiare given in Table IlI

. / . Rr all the studied nuclei together with the statistical errors.
regions are given in Table Il for each nucleus. These values In the last column the weighted average of cross sections

agree well with each other within the experimental errors forfor the five nuclei is also given. This can be considered as the

all the studied nuclei, shqwmg the good control of the.SYS'cross section on an average nucleus \¥ith=0.469 and an

%verage nuclear densipys=0.109 nucleons/fth The photo-
absorption cross sections are also shown in Fig. 8, together
with the data for the protohl6]. The bars indicate the sta-
tistical errors only; the bands in the bottom of the panels
represent the systematic uncertainties. The present data are in
very good agreement within the experimental errors with
both the low- and high-energy data available in the literature.
They confirm, with reduced statistical uncertainties, the ab-
sence of peaks in the region of the second and third reso-
nances for the bound nucleon. The new and most striking
AK=690-1480 Ak=830—-1990 Ak=830- 1480 result is the persistence of the absorption strength reduction
above 1.2 GeV compared to the free-nucleon case for all the
Eo Eo Eo Eo Eo Eo studied nuclei.

1.6 2.2 2.2 2.8 1.6 2.8

A. Total cross sections

in the target thicknesgeported in Table)l the photon beam
flux (=1%), thebackground subtraction~{1% for C and
~3% for Pbh, and the MC corrections~1.5% for C and
~2.5% for Ph. The total average systematic errors are

TABLE Il. Average cross sectiofub/A] in the overlapping
photon energy regiondk [MeV] for the three beam energiés,
[GeV] and for each target. The errors are the quadratic sum of
statistical and systematic uncertainties.

C 156+6 159+4 137+4 142+4 151-7 157+8 B. Photonuclear to photonucleon cross section ratio

Al 158+8 159+4 138+5 1424 150+8 153+4 In order to better evaluate this strength reduction, the ratio
Cu 16510 163t5 1436 147+5 158+11 1575 between the nuclear cross sectiop, and that obtained for
Sn 16711 164-6 1426 144+6 16011 155+6 the free nucleons4o,,+No ), derived from protor] 16]

Pb 15412 153+8 1378 144r8 149+13 1477 and deuteron daté,17], has been calculated in each energy
region. These ratios are shown in Fig. 9, together with the
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FIG. 8. Total cross section data on C, Al, Cu, Sn, and Pb, and  F|G. 9. Ratio of photonuclear and photonucleon absorption
average nucleussolid circles compared with data from previous cross sections. Same notation as for Fig. 8. Solid line As-tzole

experiments: cross¢48], open circleq3], squareg19], diamonds  model[22]; dashed11] and dotted12] lines are VMD predictions.
[20], and triangleg21]. Also shown is the proton absorption cross The bars represent the statistical errors.

section[16] (solid line). The widths of the bands represent the

systematic errors. ) ) o )
nuclear damping of the cross section clearly indicated by this

results of aA-hole model[22] and of two recent VMD cal- experiment. In addition, the inclusion of two-nucleon corre-
culations for C, Cu, and P[L1,12. The former calculation lations considered in Refl2] leads to an antishadowing
reproduces well the experimental behavior at lower energiedyehavior below 2 GeV and thus to an even larger disagree-
while both VMD calculations do not predict the systematicment with the data. In this respect, it has to be stressed that
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TABLE IV. Energy regions, corresponding ranges and mean T
energiesk [GeV], andiverage ratioR,(K). The latter were com- 1.6 F ° ]
puted by weightindRa(k) for each nucleus with its statistical error. N ]
In the last column, the statistical and systematic errors are also 1.4 F ]
reported. -~ 1
| S a2t " 1
Energy region Range K Ra(K) e T - ]
el < q
A-resonance tail 0.480.68 0.58 1.1760.009+0.043 L __g:'
4
D3 resonance 0.680.88 0.80 0.77%£0.004:0.021 _ . == A+ﬂ—-5v—?=
F .5 resonance 0.881.25 1.00 0.936:0.006+0.024 0.8 - — —— 4
Transition 125165 140 0.84%0.007+0.030 , —
Shadowing 1.652.65 2.00 0.8630.015-0.023 6T f ]
4 r ‘%’% ]
the validity of the naive VMD model is doubtful at energies 2 [
as low as 2 GeV. o + +
E b 0T o=l ]
= $
C. Photoabsorption strength in the nuclear medium @ b +
For each nucleus the strength reduction was evaluated in
the five energy regions given in Table IV. Both the mtegral -4r
EA(k) of the measured cross sections and the rRu()k) el ]
=2 ,/(Z%,+ N2 were calculated. Herk is the mean en- 1 10
ergy in each energy region aig, and=., are the proton and Photon Energy [GeV]
neutron cross sections integrated over the relevant photon _
energies. FIG. 10. (a) Average ratioR, and (b) linear coefficient8 de-

rived from our datdsolid circleg, and from Refs[3] (open circley,

[20] (diamond$, [21] (upper triangles and[23] (lower triangle$.
Ra(k) for each nucleus with its statistical error, is given. TheThe vertical bars represent the statistical errors, while the horizontal

energy behavior OIRA(k) is compared in Fig. 1@ with the  bars represent the bin widths.

one derived from data from previous experiments. The com-

parison evidences the good agreement between data in both Similar information can be obtained also from different
the resonance and the shadowing regions. In the transitioreactions, specifically from electron scattering at low four-
between the resonance-excitation and the shadowing regiomsomentum transfefQ?<0.27 (GeV/c)?] and from photon
data from the present experiment evidence a photoabasorpeattering at small angles. We have derivedghfeom mea-

tion strength reduction well above the experimental errors. surements of these reactions performed on a wide range of

In addition, in each region the dependenceSgfk) on ~ Mass numbef25,26.

In Table IV the averaged?A(?) computed weighting

the average nuclear densjiy was parametrized in the form  In Fig. 11 theg values are shown as a function of the real
or virtual photon energy. The overall good agreement points
EA( )
=3o(K)[1+B(K)pal- () 8 r * ]
6 [ =

pa Was derived from the experimental charge density distri-
butions using the rms electron-scattering radifigjiven in
Ref. [24]. Different parametrizations of the nuclear density
distribution result in an average variation of less than 5% in
the p, value.

In Fig. 1Qb) the coefficientsd obtained in each energy
region from the fits to our data are shown together withghe
we derived from the data from previous photoabsorption ex- ‘ . . .
periments. The energy behavior gfis similar to the one of 0 1 2 3 1 5 6 7
R, in the resonance regiofibelow 1.25 GeV and above 3 Photon energy [GeV]

Ge\(. This indicates that the observed_ medium effect is pro- FIG. 11. Linear coefficienB derived from photoabsorption data
portional to the average nuclear density. 9” the contrary, IrE'same notation as for Fig. L0electron scattering25] (solid tri-
the transition region thg is positive whileR, is less than  angles, and photon scatterif@6] (solid squaresdata. The vertical

unity, indicating a stronger strength reduction in the lightbars represent the statistical errors, while the horizontal bars repre-
nuclei. sent the bin widths.

g [fm?]
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out the consistency of total photoabsorption, electron scattesorption strength above 0.6 GeV compared to the free-
ing, and photon scattering data. nucleon case. The new result is the persistence of the

In particular, below~2.6 GeV all theg, except the one strength reduction in the unexplored energy region 1.2-1.7
derived from Ref[20], are positive and this strengthens the GeV, where resonance effects are expected to be small. In
evidence of a larger medium effect in light nuclei. This ex-addition, our systematic measurement over a wide range of
perimental finding may suggest in this region a mechanisnmass numbers indicates that in this region the strength reduc-

for the strength reduction which does not depend on the awion decreases with the average nuclear density.
erage nuclear density alone.
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