
3Jo
• i ~ ~

COMMISSARIAT A L'ENERGIE ATOMIQUE
"CENTRE D'ETUDES DE SACLAY CEA-CONF- _ 10685

M I S T
Service des Bases de Données Spécialisées

F91191 GIF SUR YVETTE CEDEX

DECAY OF THE GIANT QUADRUPOLES RESONANCE AND HIGHER EXCITATION STATES IN uCa

ALAMANOS N.- FERNANDEZ B.- GILLIBERT A.
CEA Centre d'Etudes de Saclay, 91 - Gif-sur-Yvette (FR). Direction des
Sciences de la Matière

BLUMENFELD Y.- SCARPACI J.A.- FRACARIA N.- GARRON J.P.- LHENRY I.-
ROYNETTE J.C.- SUOMIJAERVI T.-CHOMAZ P.-
Paris-11 Univ., 91 - Orsay (FR). Inst. de Physique Nucléaire

LEPINE A.
Sao Paulo Univ. (BR). Inst. di Fisica

Van der WOUDE A.
Kernfysich Versneller Institut, Groningen (ML)

Communication presentee à : 4. International Conference on Nucleus-Nucleus Collisions

Kanazawa (JP)
10-14 Jun 1991



O
Contribution au "4th International Conference on Nucleus

nucleus Collisions"
(Kanazawa, Japon du 10 au 14 juin 1991)

IPNO DRE 91-21
DPhN Saclay 91-47 07/1991

DECAY OF THE GIANT QUADRUPOLE RESONANCE AND
HIGHER EXCITATION STATES IN *°Ca

Y. Blumenf eld*, J.A. Scarpaci*, ph. Chomaz"",
N. Fracaria*, J.P. Garron*, I. Lhenry*,

J.C. Roynette*, T. Suomijarvi*, N. Alamanos,
B. Fernandez, A. Gillibert, A. Lepine**,

A. Van der Woude*4"

Service de Physique Nucléaire,
CEN Saclay, 91191 Gif sur Yvette cedex, France

* Institut de Physique Nucléaire, 91406 Orsay cedex, France
+ Division de Physique Théorique, Institut de Physique

Nucléaire, 91406 Orsay cedex, France
** Institute di Fisica, Sao Paulo, Brazil
++ Kernfysich Versneller Institut, Groningen, Netherlands



DECAY OF THE GIANT QUADRUPOLE RESONANCE AND HIGHER
EXCITATION STATES IN «ÇA1

Y. Blumenfeld(o), J.A.Scarpaci'"), Ph.Chomaz(i>, N.Frascaria(o), J.P.Garron(o>,
I.Lhenry(o), J.C.Roynette(o), T.Suomijarvi<a>, N.Alamanos(c), B.Fernandez(c),
A.Gillibert<c>, A.Lépine'"", and A.Van der Woude(e>

(a) Institut de Physique Nucléaire, 91406 Orsay, France
(b) Division de Physique Théorique2, IPN, 91406 Orsay, France
(c) SEPN, CEN Saclay, 91191 Gif sur Yvette, France
(d) Insiituto di Fisica, Sao Paulo, Brazil
(e) Kernfysich Versneller Institut, Groningen, Netherlands

Abstract
Light charged particles have been measured in coincidence with inelastically scat-

tered fragments from the *°Ca +40 Ca reaction at 50 MeV/N. Such a measurement al-
lows to unravel the different reaction mechanisms contributing to the inelastic spectrum:
pick-up break-up reactions, knock out and inelastic excitations. The giant quadrupole
resonance in *°Ca is shown to present a 30% non statistical decay branch. A prominent
structure at 34 MeV is attributed to target excitation, the decay of this structure is
studied.

1. Introduction
Recent inelastic scattering experiments have shown that intermediate energy heavy

ions are an efficient probe for the study of both isoscalar and isovector giant resonances
[1,2,3]. These states are excited with much higher differential cross sections and larger
peak to background ratios than with light hadronic probes. At excitation energies above
those of the known giant resonances, low cross section structures superimposed on a
large background have been observed [4], which have been attributed to multiphonon
excitations built with the giant quadrupole resonance [5]. It is thus of paramount
importance to understand the continuum of heavy ion spectra and to search for possible
signatures of multiphonon states.

In this paper, using results from the 40Ca +*° Ca reaction at 50 MeV/N, we will
show how light particle coincidences with inelastically scattered fragments provide a
powerful tool, both to unravel the reaction mechanisms contributing to heavy ion in-
elastic spectra, thus leading to an understanding of the background, and to determine
the nature of the states excited at high excitation energies. After a brief presentation
of the experimental set up, section 3 will be devoted to the separation of the various
reaction mechanisms and section 4 to the study of the decay of the giant quadrupole
resonance and states excited at higher excitation energies. Conclusions will be drawn
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in section 5.

2. Experimental Set-up
The experiment was performed by bombarding an evaporated self supporting 0.5

mg/cm2 ^Ca foil with the 50 MeV/N 40Ca beam from the GANIL facility. *°Ca
was chosen because it decays statistically with a high probability by charged particle
emission and its collective states have been extensively studied [6]. The inelastically
scattered fragments were measured between Olab = 1.7° and 5° (0trat = 1.7°) using the
SPEG spectrometer associated with its standard detection system [7]. Unambiguous
separation of 40Ca20+ was obtained; the total energy resolution was 800 keV, and an
excitation energy range of over 150 MeV was covered. Coincident light charged particles
were detected in 19 cesmm iodide (Csl) elements of the multidetector array PACHA [8],
placed at angles between +55° and -80° in the horizontal plane (positive means on the
same side of the beam as the spectrometer). Proton, deuteron, triton, and a-particle
identification was obtained by comparing the integrated fast and slow components of
the Csl puise read out by a photomultiplier. The energy calibrations were performed
by detecting momentum analysed secondary light particle beams in all the counters.
The thresholds for particle identification were 1.5 MeV for protons and 5 MeV for a-
particles. This particle detection ensemble was completed by 5 solid state telescopes
(30 pm surface barrier, 3mm Li-drifted), placed in the backward hemisphere.

3. Reaction mechanisms contributing to inelastic spectra
Fig.l presents the inclusive inelas- \

tic spectrum from the 40C7a +*° Ca re-
action. The giant resonances, split into
two components centered at 14 and 17
MeV excitation energy, are clearly ob-
served. An analysis similar to that
presented in refs. [2,3] shows that the
isoscalar giant quadrupole resonance
(GQR) is the dominant constituent of 900
both fh*rse components in tae angular
dome measured. The high excita-
tion energy region, which is expected
to contain exciting new physics, ap-
pears as a broad continuum. Random
phase approximation (RPA) calcula- 30° '
tions situate a large amount of the high
multipolarity collective strength in this
region where semi-classical calculations
also predict the excitation of multipho-
non states built with the giant quadru- Fig.l Inclusive inelastic spectrum presented with
pole resonance [5]. At high bombard- two different energy binnings: 200keV/chanuel(bot-
ing energy and/or with very heavy sys-tom)taid IMeV/channel (top)
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terns, where the coulomb field is strong, multiphonons built with the isovector giant
dipole are also expected [9j. Before searching for signatures of such inelastic excitations
it is necessary to understand and then eliminate more trivial contributions to the con-
tinuum due to pick-up break-up [10] and knock out reactions. This can be achieved by
the measurement of light particles in coincidence with the scattered fragments.
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Fig .3 Inclusive *°Ca inelastic spectrum.
The hatched area shows the contribution of
proton pick up break up reactions.
Insert: Expanded view of the high excita-
tion energy region. The dots represent the

„. . T . .. 40-r, ' . . . . inclusive inelastic spectrum and the squaresFig. 2: Inelastic *"Ca spectra in coinci- . e .
the inelastic spectrum after subtraction of
the pick-up break-up component.

dence with protons detected in four angular
regions (a-d) defined as follows: a) -80° <
6P < -27° ; b) -27° < 6P < +27° ; c) +27° <
6P < +60° ; d) 9P > -f-60" and 9P < -110°.
All spectra are normalized to a fixed solid
angle for proton detection.

Let us focus on inelastic excitations and pick-up break-up reactions. In the first case
the target is strongly excited while the projectile remains below its particle emission
threshold. Thus all light particles will originate from the decay of the target nucleus
which has a small recoil velocity, and will have coulomb-like velocities in the laboratory
frame. In pick-up break-up reactions the projectile picks up and then re-emits a particle
while it has been shown that the target remains essentially cold [11]. Here the particles
will have their velocity boosted by that of the projectile-like fragment and will be



concentrated in a cone in the forward direction (opening angle % 30° in the present
case). Consequently, measurement of the velocities and angles of the light particles in
coincidence with the scattered fragments allows to distinguish between pick-up break-up
reactions and inelastic excitations.

Furthermore particles from knock-out reactions are expected to be concentrated
in the direction of the recoiling nucleus. Therefore by selecting protons emitted at
backward angles in a direction opposite from the recoiling target, spectra of inelastic
excitations which are practically background-free can be obtained. This is illustrated
on fig.2 which displays inelastic *°Ca spectra in coincidence with protons measured in
different angular ranges. The evolution of these spectra vividly portrays the presence of
the different reaction mechanisms. Spectrum a) corresponds to protons from the knock-
out region and exhibits a large background. Spectrum b) contains coincidences with
forward emitted protons and the broad bump centered at 60 MeV apparent excitation
energy is the signature of the dominance of pick-up break-up reactions. Spectra c) and
d) ( c) in coincidence with Csl detectors, d)in coincidence with the Si telescopes) contain
only inelastic excitations and the remarkable feature is the considerable cross section
above 20MeV excitation energy in these spectra. Note that at about 17MeV the GR
bump is clearly visible in all the spectra, reflecting the approximate isotropy of giant
resonance decay.

By comparing the measurements with Monte-Carlo calculations it is possible to infer
the total proton pick-up break-up contribution to the inclusive inelastic spectrum [12]
and the result is displayed on fig.3. Since, in the present reaction, the neutron pick-
up break-up cross section is estimated to be much smaller than the proton one, we
conclude that pick-up break-up accounts for less than half of the cross section in the
high excitation energy region, leaving ample room for inelastic excitations which will be
discussed in the following section.

4. Decay of highly excited states
In this section we will only discuss coincidences with protons emitted in the backward

direction in the hemisphere opposite from the direction of the recoiling nucleus. When
the excitation energy increases the average proton multiplicity and thus the probability
of detecting one proton also increases. The coincidence spectra must be corrected for this
effect which can give rise to spurious structures. This correction was performed using
the evaporation code LILITA [13]. Fig.4 presents such a corrected inelastic spectrum
in coincidence with protons. Apart from the GQR a very clear bump is observed at
exactly twice the GQR excitation energy, i.e. 34MeV, which is a good candidate for a
double phonon excitation. To obtain a more precise signature the decay of this state
must be studied. Let us first examine the decay of the GQR.

Particle decay of GR's can occur through various processes. The coupling of the
particle-hole (Ip-lh) state to the continuum gives rise to direct decay towards hole
states of the residual (A-l) nucleus with an escape width noted FT. Through the resid-
ual interaction the Ip-lh state can also couple to more complicated 2p-2h...np-nh states
until reaching a completely equilibrated configuration which will decay statistically like
a compound nucleus, giving rise to the spreading width FJ. At each step of this ther-
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Fig.4 Inelastic spectrum in coincidence with
backward emitted protons. This spectrum is cor-
rected for detection efficiency.
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malisation, pre-equilibrium decay can occur, inducing a semi-direct decay width FTi. A
lower limit to the non-statistical decay branch can be obtained by comparing the exper-
imental final state spectrum of the residual nucleus with Hauser-Feschbach calculations
using for example the Cascade code[14]. All cross section in excess of the statistical
calculation is ascribed to direct or pre-equilibrium decay.

Final state spectra of 39K are presented in fig.5 for both components of the GQR (14
and 17MeV excitation energies) along with the corresponding statistical calculations.
The decay of the low energy component is compatible with purely statistical decay,
the higher energy component presents a 30% non statistical decay branch feeding the
ground state and low-lying states of 39K (direct decay) and also higher lying states
(pre-equilibrium decay). The corresponding proton spectra with the relevant statistical
calculations are presented on the right hand side of fig.5.

This result is of importance since it opens the possibility of obtaining a signature of
multiphonon states built with the GQR. In principle a multiphonon state will present the
same direct decay branch as the corresponding one phonon state, but with a multiplicity
proportional to the number of phonons, all phonons decaying independently. On the
other hand the direct decay of high multipolarity GR's is expected to feed hole states
of the residual (Â-1) nucleus, thus giving rise to much higher energy protons.
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Fig.6 Proton spectrum from the decay of the
region around 34 MeV excitation energy. The his-
togram is the result of a CASCADE calculation.

Fig.6 displays the proton spectrum in coincidence with the region of the 34 MeV
bump along with the corresponding statistical calculation. One clearly observes very
high energy protons in excess of the statistical calculation, which could be due to the
direct decay of high multipolarity strength, and also a possible enhancement at lower
proton energies of around 6 MeV, compatible with what is expected from a multiphonon
state. Statistics are too poor to warrant definite conclusions but these results are very



encouraging for future studies.

5. Conclusions
Light particle coincidences with inelastically scattered fragments provide a powerful

tool for the understanding of heavy ion inelastic spectra at intermediate energies. The
pick-up break-up mechanism is shown to account for less than half of the cross section
at high excitation energies in the reaction studied. A sizable amount of this high energy
cross section is due to excitations of the target, and in particular a prominent structure
is observed at 34 MeV excitation energy, which is a good candidate for the double
phonon excitation built with the giant quadrupole resonance.

Similar experiments using larger solid angle particle detection systems at backward
angles will allow to obtain virtually background free spectra of inelastic excitations.
Such an experiment has very recently been performed on the *°Ca +*° Co. system in
order to improve statistics concerning the 34 MeV structure. For heavier target nuclei,
which decay preferentially by neutron emission, the EDEN neutron multidetector[l5],
recently completed at Orsay, has been tailored to this type of experiment.
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