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Differential cross sections and beam asymmetries of Compton scattering from4He have been measured with
linearly polarized photons in the energy range from 206 to 310 MeV. The quality of the results has the
potential to provide strong constraints on the understanding of the reaction mechanism in theD resonance
region. A phenomenological analysis of the experimental results has been performed fitting the data to a
multipole expansion including dipole and quadrupole scatterings in the impulse approximation. Results indi-
cate that quadrupole contributions should not be neglected to reproduce the general trend of the experimental
results. Comparison with predictions from recent theoretical models shows that important discrepancies exist
particularly at backward angles. The additional information carried by the incident photon spin increases the
difficulty in achieving a comprehensive description of experimental data.
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I. INTRODUCTION

Since photons are not strongly absorbed, elastic photon
scattering from nuclei at intermediate energies has the poten-
tial for providing information on the modification of nucleon
properties in nuclear matter.

In recent years there have been several attempts to de-
scribe Compton scattering from nuclei in the few-hundred
MeV region. At energies above pion threshold, the elemen-
tary amplitude forN→D excitation becomes very large with
the result that scattering from single nucleons becomes the
most important component. Particular interest lies in the in-
vestigation of nuclear medium corrections to theD-isobar
characteristics due to kinematical effects such as Fermi mo-
tion, Pauli blocking ofD decay,D−N binding, multiple scat-
tering of intermediate pions, and coupling of theD to p
absorption channels. These are expected to produce a shift-
ing and broadening of theD peak. A recent analysis ofp0

photoproduction on4He, in the framework of distorted wave
impulse approximation applied to the unitary isobar model,
introduces a phenomenologicalD self-energy and provides a
quantitative estimation of theD mass increase equal to
19 MeV and a width broadening of 66 MeV[1,2] in agree-
ment with results from pion-nucleus scattering.

In the case of Compton scattering, in addition to the
dominant resonant scattering process from single nucleons
[3,4], different models have incorporated a variety of other

effects, including meson exchange currents(MEC) [5], D
modifications within the nuclear medium in the framework
of D-hole models[6–13], and nonresonant terms such as
mesonic and kinetic seagull amplitudes and Kroll-Ruderman
terms[14].

While these have improved the description of existing
data, significant discrepancies remain, particularly at large
scattering angles(corresponding to large momentum trans-
fers) suggesting that some fundamental contribution must be
missing or poorly represented in the present understanding of
the Compton scattering in theD region [5].

With linearly polarized photons it is possible to access
two structure functions that contribute to the cross section:

ds

dV
sEg, qg

c.m., wd =
ds

dVunpsEg, qg
c.m.d + PŜsEg, qg

c.m.dcoss2wd.

s1d

HereEg is the incoming laboratory photon energy,qg
c.m. is

the polar scattering angle in the center of mass reference
frame sc.m.d, w is the azimuthal angle of the polarization
vector of the photon,P is the degree of linear polarization
of the incoming photon beam,ds/dVunp=

1
2sdsuu+ds'd is

the unpolarized cross section, andŜ= 1
2sdsuu−ds'd is the

polarization dependent cross sectionsthe numerator of the
beam asymmetry ratiod; dsuu and ds' are the cross sec-
tions observed with the electric vector of the photon par-
allel and perpendicular to the reaction plane, respectively.

The ratio of the two structure functionsS=Ŝ/ds/dVunp
provides the beam asymmetry and it is very sensitive to
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interference effects that are easily masked in the unpolar-
ized cross section and may provide new valuable con-
straints to theoretical models of theg-nucleus interaction.

Among the spin-zero nuclei,4He has been an attractive
target because of the large energy gap between the ground
state and the continuum, and complex calculations are avail-
able. First data on coherent photon scattering from4He have
been obtained using unpolarized Bremsstrahlung beams
[15–19]. Compton events were extracted from the energy
spectrum of a photon detector. The separation from the main
background,p0 production, was obtained considering the
yield between photons scattered from the end-point of the
Bremsstrahlung spectrum and the maximum photon energy
from p0 decay. The data analysis procedure had to rely on a
very good knowledge of the photon detector response and on
Monte Carlo simulations.

More precise data have been obtained at Mainz. A first
measurement was performed with tagged photons at a fixed
scattering angleulab=37° [20]; more results were obtained
with a tagged polarized beam from coherent Bremsstrahlung
at three scattering angles[14]. Few data points with large
error bars have been obtained for the beam polarization ob-
servable. The data analysis still required Monte Carlo simu-
lation to properly subtract the background contribution from
p0 photoproduction events.

Complete separation of Compton events from background
is desirable for studying the polarization dependent cross
section because the azimuthal distribution of scattered pho-
tons has a minimum where the backgroundp0 production is
maximum[21,22,14].

In this paper we present the complete and final set of
results[23] from the measurement of Compton scattering on
4He with tagged linearly polarized photons in the energy
range 206–310 MeV and photon scattering angles between
30° and 130° in the laboratory frame.

The experimental setup is described in Sec. II and the data
analysis procedure is shown in Sec. III. Final data are re-
ported in Sec. IV together with a multipole fit of our full set
of results with polarized photons.

Comparison with existing data and theoretical models is
discussed in Sec. V, where conclusions are also summarized.

II. EXPERIMENTAL SETUP

The experiment was carried out at the laser electron
gamma source(LEGS) facility located at the national syn-
chrotron light source of Brookhaven National Laboratory
[24]. Linearly polarizedg-rays were produced by back-
scattering laser light from 2.58-GeV electrons. Measure-
ments for the polarized differential cross section were per-
formed at 31, 45, 72.5, 90, 110, and 130 degrees for the polar
angles of the scattered photons in the laboratory frame. The
incoming photons were tagged with an energy resolution of
5 MeV full width at half maximum(FWHM). Events were
collected in fiveg energy bins with average values of 206,
224, 253, 282, and 310 MeV.

The beam polarization was alternatively set parallel and
perpendicular to the reaction plane; the change among the
two polarization states occurred after a time interval ran-

domly selected between 5 and 10 min, in order to reduce
systematic errors. Independent sets of data were taken at the
same scattering angles, using two different laser lines that
provided incoming photons in the energy ranges
206–240 MeV and 220–310 MeV, respectively. The photon
beam polarization is strongly dependent on the ratioEg/Eg

Max,
whereEg is the energy of the single photon of the incoming
beam andEg

Max is the maximum energy available for the
beam; the comparison among the data obtained at the same
beam energy, but for different beam setup and polarizations,
was used as a consistency check for the incoming photon
beam properties(tagged photon flux and beam polarization).

Photons impinged on a 10-cm liquid4He target, contained
in a thin electroformed Nickel cell. The target pressure and
temperature were continuously monitored during the experi-
ment to determine the density of the liquid, its average value
being%=0.140±0.001 g/cm3.

The scattered photons were detected by a high resolution,
cylindrical 48-cmf348 cm long NaI(Tl) scintillator (main
detector). This crystal was surrounded by a 2.5-cm front
plastic and anannulusof 12 plastic scintillators 10 cm thick,
used to reject cosmic rays, charged particles, and electromag-
netic shower leakage. A 21 cm diameter lead collimator was
used to define the detector geometrical acceptancesDV
=0.13srd and the whole apparatus was externally shielded
with lead. The energy response function of this detector was
measured at energies ranging from 212 to 316 MeV by plac-
ing it directly in the tagged photon beam. The energy reso-
lution was about 2% FWHM and could be reduced to values
as low as 1.5% FWHM by setting an appropriate threshold
for the annulusscintillators in anticoincidence. The calibra-
tion, monitored several times during the data taking period
(lasting about 2 months), was stable within 1%.

Eight NaI detector bars were placed in aC configuration
around the target, covering a large solid angle with the open-
ing in the direction of themain detector. These bars were
used as vetoes against the competing processes(coherentp0

photoproduction, photon scattering with4He breakup, andp0

photoproduction with4He breakup). The described setup
proved itself very effective in isolating Compton events.

Photomultiplier gains of all the detectors were continu-
ously monitored by means of a laser pulse. Data acquisition
was triggered by the coincidence between the tagger and the
main detector, vetoed by any of the detectors surrounding the
crystal. Accidental events subtraction was also performed us-
ing the time of flight(TOF) information between the trigger
of the experiment and the tagger signals. Empty target runs
were taken for each beam setup and photon scattering angle,
in order to subtract background events produced on the
nickel target ends and vacuum windows.

The beam fluxNg was monitored using ag converter
quantameter, consisting of a sandwich of two plastic scintil-
lators and a thin copper plate inserted between them, in co-
incidence with the 64 signals from the tagging scintillator
counters. The monitor counts were normalized taking into
account the detector efficiency, which was regularly mea-
sured using a 20-cmf330-cm NaI counter at low photon
fluxes.
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Using the same experimental arrangement it was also pos-
sible to study the reactiongW+4He→p0+4He [21,22]. A sche-
matic view of the detector geometry is shown in Fig. 1.

III. DATA ANALYSIS

The main features of the data analysis were as follows:(i)
Events were selected to belong to the main peak of the tagger
TOF spectrum, which corresponded totrue coincidences be-
tween the incoming photon and the detected nuclear event.
(ii ) Charged particles detection was suppressed rejecting all
events in which energy signals higher than 3 MeV were de-
posited in the front detector.(iii ) Cosmics were suppressed
by rejecting events where multiple signals were recorded in
the annulusdetector with a total deposited energy of more
than 40 MeV.(iv) Background from coherentp0 photopro-
duction on4He was initially reduced by selecting only those
events that provided either no signal in theC bars or a signal
in the electronic noise range.

The bi-dimensional plot of the energy of the scattered
photon versus the energy of the incoming photon is plotted in
Fig. 2 for all the events that matched the described selection.
The Compton events appear as a clear upper band, well sepa-
rated from the lower points, that are mainly due top0 pho-
toproduction.

To perform a clear rejection of the residualp0 back-
ground, the difference between the energy measured by the
NaI(Tl) detector and the theoretical energy computed for
photons scattered in a Compton process was calculated. The
peak around the zero value corresponded to Compton events
and was fitted with a Gaussian curve. Its integral provided
the total amount of detected Compton events. The result of
the integration was different from the result of events count-
ing by less than 1%. This technique provided a clear proce-
dure also in those few cases where some tail fromp0 back-
ground would slightly overlap the Compton peak[21].

Accidental and background events were rejected applying
the same selection as described above to events which were

not recorded at the main tagger TOF peak and to empty
targets events. Those events which survived the analysis cri-
teria were normalized according to the incoming tagged pho-
ton flux and subtracted. All geometrical acceptances, correc-
tions for detector efficiencies and thresholds were modeled
with a Monte Carlo simulation based on GEANT 3.21[25],
duplicating all the constraints imposed in the analysis proce-
dure.

The experimental cross sections have been computed for
each polarization state using the following relation:

S ds

dV
D

expt.

=
NCA

Ng%lNA«DV
, s2d

where NC is the number selected Compton events,Ng is
the number of incoming tagged photons,NA is the Avo-
grado constant,A is the 4He mass number,l and% are the
length and the density of the target, respectively,DV is
the solid angle covered by the NaIsTld detector, and« is
the detection efficiency. The total systematic uncertainty
in the final cross-section results is estimated to be 3%.
Comparison of data taken at the same photon energy of
224 MeV but with different laser linessand hence differ-
ent beam polarization and tagged fluxd yielded ax2 per
point with respect to the mean of 0.66.

IV. RESULTS

Final results of unpolarized differential cross sections are
shown in Fig. 3 as full triangles, together with existing data.

The points shown as full circles atug=0° have been cal-
culated from the total photoabsorption cross section data[26]
in a model independent way. The optical theorem fixes the
imaginary part of the forward amplitude Im(fsEg, 0°d),

04
  γ πHe (     ,        )  veto

γ γHe (      ,      )
4

FIG. 1. Schematic view of the detector setup. A large 48
348 cm2 NaIsTId counter detects the scattered photons. A set of
eight scintillating detectors is arranged in C configuration around
the target; it was used to veto the additional photons from back-
groundp0 decay.

FIG. 2. Bi-dimensional plot of the scattered photon energy de-
tected by the 48348 cm2 NaI(Tl) counter(shown as pulse height)
vs the incoming photon energy(shown as tagging channel). The
upper band represents the Compton scattering events while the
lower points come mainly from thep0 background.
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Im„fsEg, 0 ° d… =
Eg

4p"c
ssEgd, s3d

whereEg is the incoming photon energy andssEgd is the
total photon absorption cross section. The real part of
fsEg, 0°d is related to the values ofssEgd at all energies
through the subtracted Kramers-Kronig dispersion relation
f27g,

ReffsEg, 0 ° d − fs0, 0 °dg =
Eg

2

2p2"c
PE

0

`

dE8
ssE8d

E82 − Eg
2 ,

s4d

where fs0, 0°d=−sZ2e2d/sMAc2d is the Thomson limit and
MA is the nuclear mass.

Figure 4 shows the results for linear polarization beam
asymmetriesS=si−s'/si+s' as solid triangles. The few
existing data from Ref.[14] are also plotted as open circles.

The same experimental results are also shown as triangles
in Figs. 5 and 6 in terms of the cross sections measured with
the electric vector of the incident photon parallelssid and
perpendicularss'd to the scattering plane, respectively. The
open circles are deduced from Ref.[14]. All results are also
reported in Table I as a function of the photon scattering
angle in the center of mass reference frameu g

c.m..

Multipole fit

Our final dataset consists of 60 measurements(30 points
for each of the observablessi ands') and, together with 5
values for the differential cross sections atug=0°, may be
considered the first database obtained with polarized photons
which is wide enough to attempt a multipole analysis in the
energy range of theD resonance.

FIG. 3. Unpolarized differential cross sections. Solid triangles
are from this measurement, and solid circles at 0° are deduced from
photon total absorption cross section—see text. Cross sections from
Refs. [17,16] at 187, 235, 280, and 320 MeV are plotted as open
diamonds in the 206, 224, 282, and 310 MeV panels, respectively.
A measurement from Ref.[20] at 280 MeV is shown as an open
square. Mainz data from Ref.[14] are plotted as open circles. The
predictions ofD-hole calculations are shown as bold solid[13] and
short-dashed[8] curves. Dash-dotted and dotted curves in the upper
panel are calculations from a recent schematic model[5] including
I.A. and I.A.+MEC contributions, respectively.

FIG. 4. Linear polarization asymmetriesS. Solid triangles are
from this measurement, Mainz data from Ref.[14] are plotted as
open circles.D-hole calculations from Ref.[13] are shown as bold
solid curves. Dotted and thin solid curves are multipole fits to the
data including dipole and dipole plus quadrupole terms, respec-
tively.
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In the case of Compton scattering on spin-zero nuclei, the
differential cross sections with polarized photons in the c.m.
reference frame may be expressed in terms of helicity nonflip
fT11sk, u g

c.m.dg and flip amplitudesfsT1−1sk, u g
c.m.dg as follows

[13]:

ds

dV
= S MA

Ec.m.
D2

uT11u2 + uT1−1u2,

Ŝ = − S MA

Ec.m.
D2

2 RefT11sT1−1d*g s5d

where Ec.m.=Îs is the total c.m. energy,k is the photon
energy in the c.m. reference frame, andu=u c.m. is the c.m.

photon scattering angle. Forsi and s' the equivalent re-
lations are the following:

dsi = S MA

Ec.m.
D2

uT11 − T1−1u2,

ds' = S MA

Ec.m.
D2

uT11 + T1−1u2. s6d

The amplitudesT1±1sk, u g
c.m.d may be expanded in terms of

the complexgeneralized polarizabilities ELskd andMLskd as
follows [13,28]:

T1±1sk, u g
c.m.d = o

L

s− 1dL+1

Î2L + 1
d1±1

L su g
c.m.dfELskd ± MLskdg

s7d

whered1±1
L are the rotation matrix elements between states

of angular momentumkL, 1u and uL, ±1l.

FIG. 5. Cross sections for4HesgW , gd for photon polarizations
parallel to the scattering plane,si. Triangles are from this measure-
ment; circles at 0° are deduced from total photon absorption cross
section—see text. The Mainz data[14] at 230 and 250 MeV are
plotted as open circles in the 224 and 253 MeV panels, respectively.
Bold solid curves are fromD-hole calculations[13]. Dotted and thin
solid curves are multipole fits to the data including dipole and di-
pole plus quadrupole terms, respectively.

FIG. 6. Cross sections for4HesgW , gd for photon polarizations
perpendicular to the scattering plane,s'. Data symbols and curves
follow the same notations as defined in Fig. 5.
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Limiting the expansion to the quadupole order, in the im-
pulse approximation, the parallel and perpendicular cross
sections are simply given by the following relations:

dsi = S MA

Ec.m.
D2

uFsq2du2U 1

Î3
E1 cosu +

1

Î3
M1 −

1

Î5
M2 cosu

−
1

Î5
E2s2cos2 u − 1dU2

, s8d

ds' = S MA

Ec.m.
D2

uFsq2du2U 1

Î3
M1 cosu +

1

Î3
E1

−
1

Î5
E2 cosu −

1

Î5
M2s2cos2 u − 1dU2

, s9d

whereELskd andMLskd describe the multipole interaction
at the nucleon level,Fsq2d is the nuclear form factor which
originates from the coherent sum of the contributions of
the single nucleons, withq being the c.m. momentum
transferred to the nucleus. Improving the model beyond
the impulse approximation would require more compli-
cated expressions for the generalized polarizabilities, also
including two-body form factors, and would require a
much higher number of free parameters in a multipole fit.

We used the last two expressions to attempt a phenom-
enological multipole analysis with the aim of investigating
the role of contributions beyond the leading dipole multi-
poles. An initial set ofx2 minimizations was performed using
data at fixed beam energies. These were used both to infer
the energy dependence of the generalized polarizabilities co-
efficients and to initialize a global energy dependent fit of all
the data. The amplitudes were parametrized as a function of
the incoming laboratory photon energyEg, using a Breit-
Wigner for the resonantM1 multipole (defined by three pa-
rameters) and a linear dependence for the real and imaginary
parts of the other three multipoles(each additional multipole
is defined by four parameters). The following form factor
was used:

uFsq2du2 = e−r2q2/3 = e−2/3r2k2s1−cos uc.m.d, s10d

wherer is an additional free parameter. The previous ex-
pression has been chosen similar to the nuclear form fac-
tor measured in electron scattering, which provides the
Fourier transform of the charge distribution. In the elec-
tron scattering case the parameterr =ÎkrN

2l=1.67 fm is the
root mean squaresr.m.s.d radius of the charge distribution
f30,31g. In the case of Compton scattering the absorption
and the emission of the photon do not necessarily take
place in the same point in space time and the nuclear form
factor may be compared with the so-calledmass-form fac-
tor, given by the ratio of the form factor in electron scatter-
ing and the dipole proton form factor. The r.m.s. radius of
this modified distribution is 1.4 fm.

A series of tests were carried out by starting with a fit of
the M1 amplitude only and subsequently adding theE1, E2,
and M2 contributions. At each step anF test was used to
verify the statistical significance of the improvement from
additional terms[29].

Considering only dipole terms in Eqs.(8) and (9), it was
possible to reproduce the data with ax2/n=2.2 and the cor-
responding fits are shown in Figs. 4–6 as dotted curves. The
full analysis includingE2 andM2 scattering provides a final
x2/n=1.5 and it corresponds to the thin solid curves in Figs.
4–6. The largest effect is given by the contribution ofM2
and its interference with the other multipoles. Additional im-
provements are obtained for the location of the minima of

TABLE I. Differential cross sectionsds/dV and beam asymme-
tries S as a function of the photon scattering angle in the center of
mass reference frameu g

c.m.. The same results are also expressed in
terms of the differential cross sections measured with the electric
vector of the incident photon parallelsdsid and perpendicularsds'd
to the scattering plane. Statistical errors are tabulated in brackets.

Eg=206 MeV

u g
c.m.sdegd

ds

dV
snb/srd S dsi snb/srd ds' snb/srd

33 400(45) 0.23 (0.12) 494 (71) 308 (63)
47 220(32) 0.21 (0.16) 267 (50) 174 (44)
75 95 (34) 0.56 (0.44) 148 (49) 42 (51)
93 132(31) 0.65 (0.27) 218 (50) 46 (42)
113 143(26) 0.28 (0.19) 182 (39) 102 (35)
132 151(24) −0.39s0.18d 93 (35) 210 (35)

Eg=224 MeV
33 749(48) −0.023s0.075d 732 (78) 764 (69)
47 398(36) 0.29 (0.09) 516 (60) 291 (47)
76 215(26) 0.71 (0.12) 366 (45) 64 (31)
93 158(18) 0.92 (0.18) 305 (29) 13 (30)
113 153(18) 0.64 (0.13) 255 (31) 55 (24)
132 158(18) −0.20s0.13d 193 (29) 124 (26)

Eg=253 MeV
33 1005(86) 0.09 (0.1) 1100 (140) 910 (130)
48 630(78) 0.27 (0.15) 800 (120) 460 (120)
76 223(30) 0.90 (0.18) 424 (48) 22 (45)
94 150(16) 0.75 (0.14) 263 (27) 37 (24)
113 138(19) 0.37 (0.17) 188 (26) 86 (31)
133 128(14) 0.19 (0.13) 152 (20) 104 (23)

Eg=282 MeV
33 1424(83) 0.15 (0.06) 1640 (130) 1210 (120)
48 880(74) 0.42 (0.09) 1250 (120) 506 (97)
76 250(23) 0.78 (0.10) 446 (39) 54 (26)
94 111(14) 0.60 (0.15) 178 (21) 44 (20)
114 80(12) −0.14s0.15d 69 (16) 92 (19)
133 38(13) −0.38s0.45d 23 (22) 52 (16)

Eg=310 MeV
33 1821(92) 0.084(0.056) 1975 (140) 1670 (140)
48 749(67) 0.44 (0.09) 1080 (110) 419 (83)
77 193(22) 0.76 (0.11) 339 (39) 46 (23)
94 51 (13) 0.62 (0.34) 83 (20) 19 (20)
114 43(12) 20.08 (0.28) 40 (10) 47 (23)
133 12(10) −1.2 s1.7d 1.53 (15) 29 (9)
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s', which corresponds to the maxima of the asymmetryS.
Moreover the general trend of the fitted curves at backward
angles are closer to the data, especially at lower energies.
The average of the results for the parameterr, obtained in the
different fits, isr=1.36±0.08 fm, comparable with theÎkrN

2l
of the previously quoted mass-form factor.

V. DISCUSSION AND CONCLUSIONS

The present experiment is the first systematic study of the
Compton scattering with polarized photons on4He. The ex-
isting database in the same energy range contained only nine
asymmetry measurements with large error bars[14], and it is
now extended by more than a factor three. Figures 3–6 show
the comparison among the present results and the existing
measurements at comparable incoming photon energies.
Good agreement is found within the error bars but the trend
of the angular distribution is now much improved.

Results for the unpolarized differential cross section are
also compared with two different versions of theD-hole
model[8,13], shown in Fig. 3 as short dashed and bold solid
curves, respectively. TheD-hole model attempts to describe
pion-scattering, pion photoproduction, and photon scattering
in a unified approach, assuming that theg-nucleus interac-
tion occurs through the formation ofD-hole states which
propagate inside the nucleus. The influence of the nuclear
medium to theD-isobar characteristics, due to kinematical
effects such as Fermi motion, Pauli blocking ofD decay,D
−N binding, multiple scattering of intermediate pions, and
coupling of theD to p absorption channels, are introduced
by modifications of aD-hole propagator, defined for all co-
herent processes. None of theD-hole calculations[6–13] in-
clude scattering from intermediate mesons.

The most important discrepancies appear at backward
angles and lower energies. For the lowest energy bin
s206 MeVd some improvement is obtained by a model where
MEC contributions are added to the one-body terms(I.A.)
[5] (dot-dashed curve).

Predictions from Pasquini and Boffi[13] are also avail-
able for the polarization dependent part of the differential
cross section and are also plotted as bold solid curves in
Figs. 4–6. This model provides a good description of the
cross section for incoming photon energies close to theD
peak, but it is not able to reproduce the rise at backward
angles and the magnitude at lower energies and forward
angles. As it has been already noticed in Ref.[14], one of the
main reasons for the failure is due to the fact that the back-
ground nonresonant processes are not accurately taken into
account. The inclusion of the effects of two-body currents
and medium corrections to the nonresonantE1 multipole

from seagull term and Kroll-Ruderman contributions pro-
vides an improvement at lower energies and forward angles,
but strong discrepancies remain at backward angles[14].

Scattering at large angles corresponds to high momentum
transfer and it is sensitive to the details of the reaction. It has
been suggested that the existing disagreement among all the-
oretical calculations and experimental results is due to some
missing mechanism[5]. This may be expressed by also say-
ing that theM1 and theE1 multipole contributions are not
sufficient to reproduce the experimental dynamics, while all
theoretical calculations[8,13,14,5] were limited to dipole
scattering. Although at these energiesM1 transitions through
theD resonance dominate the elementary amplitude for scat-
tering from nucleons, when transformed into nuclear coordi-
nates this strength is expected to spread into higher multi-
poles.

Comparison with results from a phenomenological multi-
pole fit is shown in Figs. 4–6, where contribution from di-
pole terms and dipole plus quadrupole terms are plotted as
dotted and thin solid curves, respectively. Finite size effects
are introduced by means of a one-body nuclear form factor
with a free radius parameterr whose value, extracted from
the data, is compatible with results obtained for themass-
form factor which is about 20% smaller than the correspond-
ing se, ed value.

Dipole contributions already provide the general trend of
the data and the form factor helps the convergence of the
multipole expansion by taking higher multipoles into account
in an approximate way.

Nonetheless, explicit quadrupole terms are necessary to
reproduce the correct behavior at backward angles and the
position of the minimum fors'.

In conclusion, the present work provides a significant
contribution to the existing experimental information on po-
larization observables in Compton scattering on4He. Com-
parison with existing theoretical models confirms that me-
dium effects ofD-hole models are not enough to reproduce
the elastic scattering of polarized photons in the intermediate
energy region.

Only dipole scattering has been included in existing mi-
croscopic calculations, and our analysis suggests that higher
multipole terms could provide significant additional im-
provements.
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