DIRECT OBSERVATION OF THE INVERSION OF FLOW
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In this report, we describe an experiment designed to determine the mean sign of the scattering
angles of the emitted particles for tHRl + **'Sm at E/A=35, 100 and 155 MeV.

A schematic of the experimental set up is shown in Fig. 1. Ak telescopes wengositioned
at =0° and@=18(C" around the beam axis and subtended approximately< Bd< 35°, where® and @
are the polar and azimuthal angles respectively. These were used to detect and identify charged particles.
The AE detector consisted of a 5 cm x 5 cm 16-strip Si detector,uB®@hick, andwaspositioned 135
mm from the target position. The E detector consisted of nine tapered CsI(Tl) detectorslorigcm
These weraarranged in a square 3x3 geometry and placed immediately behind the Si detector. A
compact cylindrical multiplicity filter, the Minitube, consisting of 58 scintillating fibesss placed
coaxially around the beam axis in the gap between the two polarimeters. The oln&dmedhtion on
the multiplicity of light charged particles was used to derive the reduced impact parametgrdbrfing
the collision.

The measurementsere performed at the Nationauperconducting Cyclotron Laboratory at
Michigan State University. The accelerator provided beams of [dBX, 100A MeV and 155A MeV
“N which impinged on an isotropically enriched target®8m (98.7%) of areal density 3.15 mgfcm
The circular polarization of-rays emitted perpendicular to the reaction plane defined by the beam axis
and the coincident light charged particleas measuredwith two forward-scattering polarimeterd].
These were positioned 8£90°, ¢=90° and6=90°, ¢=27(°. The sign convention adopted [2,3] define
the polarizations with respect to the quantization axis given byn = pxp,/|p;xp;| wherep; and p; are
the momentumvectors of the beam and the detected particle, respectively. The measurement relies on
the assumption that the angulamomentum transferred to the target residuié be preferentially
oriented in the direction expected for a friction-like mechanism between the surfaces adllitimg
nuclei [3]. Thus, positive circulay-ray polarizations correspond to a photon spin paralleh,tand a
deflection of the emitted particle to negative angles by the nuclear mean field. Negative gHtar
polarizations correspond to a photon spin anti-parallel emd a deflection of the emitted particle to
positive angles, caused by repulsive effectsqiwéleon-nucleoncollisions. Zero polarization values may
indicate that either the attractive or repulsive interactions balance each other or that the lighected
chargedparticles, in the absence of a collective velocitynponent, are emitted at randomzimuthal
direction.

Experimentally, the count rate asymmetryARis measured. For the doubly symmetulietector
system, the count rate asymmetry can be expressed as [1]
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where N are the coincidence count rates of particle detector i and polarimeter j. The analyzingApower
corresponds to the sensitivity of the overall polarimeter setup to the circular polarization evhitted

y-rays and varies between 0.85% and 0.95%, similar to values obtained previously for theasina

at E/A=35 MeV [2]. The direction of the polarimeter magnetic field was reversed every hour during the
experiment in order to detect and cancel out spurious count rate asymmetries.



The measured circular polarizationyfays in coincidence witkx particles is shown in Fig. 2 as
a function of incident energy. The quoted errors correspond to the statistical uncertainfy ahd do
not include the uncertainty of A. Three impact parameter bins have been chos@sponding to
central (b/h,<0.2), mid-central(0.2< b/b,,< 0.6) and peripheral (b/h >0.6) collisions. Thempact
parameter binsvere chosen to maximize the magnitude of the circular polarizationy-dys with
maximum statistics toreduce the uncertainties. To maximize pre-equilibriemissions andninimize
the contributions from evaporation, an angular gate 6f<26 < 35° and a threshold energy of 5 MeV
per nucleon are imposed on the emitted particles.
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FIG. 1. Cross-sectional view of the detector setup inside the scattering chamber. Twad&ieC®ir arrays wenglaced
symmetricallyaroundthe beam axis ifiorward direction, covering polar angles 21& 6 < 35°. The multiplicity of
charged particles was measured with the cylindiiaitube, mounted symmetricallgroundthe beam axis in the gap
betweenthe two polarimeters (not shown). The ingécle indicateshe outerdiameter ofthe polarimetersnounted
perpendicular to the plane defined by the beam and the two charged particle detector telescopes.

At all incident energies the central impact parameter bin has a polarization Htatisgcally
consistentwith zero. Due to lack oftatisticsthese data have very large error bars and arepluited
here. For peripheral collisions (open points in Fig. 2), the polarization is positive at 35A MeXelnd
close to zero at the two higher energies of 100A and 150A MeV. Similar trends are observed for the
measured Ffor A<3. For mid-central collisions (closed points), the most striking feature ishthege
in sign of thea particle associated polarization from positiedues at 35A MeV to negative values at
100A MeV and 155A MeV. This change in sign of theparticle associated polarization provides a
direct observation of the change from attractive mean field dominated dynamics at low engrg®s (P
to repulsivenucleon-nucleoncollision dominated dynamics at the higher energies=@p Thechange
of sign occurs around E/A=70 MeV. The previous study of the balance energy for symmetric system
ranging from C+C to Kr+Nb reactions [4], suggests the same value of about E/A=70 MeV fol flass
It remains to be understootipwever, why thebalance energy for an asymmetric system"Nf+>‘Sm
should follow the mass dependence established for symmetric systems.

Figure 3shows themeasured y-ray polarizations in coincidenceith protons, deuterons and
tritons for the mid central collisions. The magnitude of the polarizations are smaller than, the P
associatedvith the emitted alpha patrticles. This may be partly related to the fact thatatistics are
much poorer for deuterons and tritons and that the reaction planes are less well defined.
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FIG. 2. The circular polarization of coincidgatays emitted from residual nuclei f¢N-inducedreactions ont*Sm as
a function of incident energy for mid-central (solid points) and peripheral collisions (open pointgefticles.
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FIG. 3. The circular polarization of coincidgatays emitted from residual nuclei f§N-inducedreactions on*‘Sm as
a function of incident energy for mid-central (solid points) collisions for p, d, t particleshaitieed areas indicate the
predicted polarizations extracted by scaling the alpha circular polarization according to the coalescence model.



To provide consistency checks between the measured circular polarizations associated with p, d, t
anda particles, we adopt the coalescence model to compute the expected valyfes pf &, t from the
measured Passociated with the particles as indicated by the hatched areas in Fig. 3. The magnitude of
the measured polarizations are consistently smaller than the scakeat Ritons, the expected change of
sign for the polarization is not observed. However, much more statistics will be needed in stetyto

the massdependence on the sign change of the circular polarization assowidbe@mitted light
particles.
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