First results of the CLARA — PRISMA setup
installed at LNL

A.Gadea INFN-LNL Legnaro

Gamma Spectroscopy in products of binary reactions
with the “intense” stable beams from the LNL
Tandem-ALPI (present) and PIAVE-ALPI (future)

- Moderately neutron rich nuclei produced by
Multi-nucleon transfer or deep inelastic
collisions

- Non-Yrast states populated in quasi-elastic
reactions
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CLARA-PRISMA setup
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PRISMA: Large acceptance Magnétic pectrometer

Q =80 msr . o
AZIZ ~ 1/60 (Measured) e
AA/A =~ 1/190 (Measured)

Energy acceptance +20%
Bp=1.2T.m




The PRISMA Spectrometer Detectors

Large dispersion dipole: 4cm / % at the 10 sections Multiwire PPAC
focal plane 3
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Experiments performed: March-November 2004

® Search for excited states in neutron rich 3’P and 3°P using deep
inelastic processes. Medium spin —spectroscopy of Ne, Mg, and Si neutron

rich isotopes X.Liang, Paisley F.Azaiez, Orsay, Zs.Dombradi, Debrecen

(365 + 208pb)
@Nuclear spectroscopy of neutron rich nuclei in the N=50 region
G.Duchene, Strasbourg, G.de Angelis, Legnaro (8239 + 238U)

@ Spectroscopy of deformed neutron rich A ~ 60 nuclei BANI: & 238
S.M.Lenzi, Padova, S.J.Freeman, Manchester ( Ni + U)

@ Pair transfer effects in %°Zr+?%6Pp L.Corradi, Legnaro (QOZr + 208Pb)

® Isotensor MED across the f7/2 shell: identification of the 6+ state in 4Co
A.Gadea, Legnaro (54Fe - 58Ni)

@®Resonances in 24Mg+24Mg and molecular states in 48Cr 24 24
F.Haas, Strasbourg ( Mg + Mg)

®Anomalous MED in ¥'S. D.R.Napoli, M.Marginean, Legnaro  (32S + 38Ni)



82Se + 238U E=505 MeV (ALPI)
4 days, PRISMA at 0;=64°

G.deAngelis, G.Duchéne
Analysis: N.Marginean
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Evolution of the N=50 shell: Searching

for the shell gap quenching

(onset of deformation as in N=20 Z~12)
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F.Hofmann, C.M.Keil, H.Lenske, Phys.Rev.C64(01)034314
} /
b= e r (fm)
g E-EEI— .
s 7 weakening
; of the spin-orbit
. force
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D.Vretenar, G.A.Lalazissis, P.Ring, Phys.Rev.C57(98)3071.
J.Meng, l.Tanihata, Nucl.Phys.A650(99)176.

Change of the shell
structure in
neutron-rich nuclei close

to the drip-line
Nuclear Shell Structure
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Drip line effects are not the only cause of shell evolution.
Tensor interaction (7 + p meson) may be responsible for the
weakening of the N=50 gap
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82§e + 233 E=505 MeV 0g=64° IC AE-E Matrix

- ~.fission events

proton stripping channels
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Stability of the N=50 Shell Shell model with renormalized SPE (f5/5-09,5)

down to Z~32
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The description of these semi-magic
nuclei (within the shell model
framework) can be done with a

constant N=50 shell gap.
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N=51

: Monopole shift of the single particle levels ?
iIsotones

Downward shift of the vg,,, in proton rich N=51 isotones as ng,, is filled

The vd;;,-h,,, splitting is “constant” in neutron rich N=51 isotones: it should
increase if the /s term was getting weaker — No diffused potential?

= Preliminary results from CLARA-PRISMA
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82 238 L
Se 505 MeV + “*U 94 nycleons removed from projectile
G.deAngelis, G.Duchéne

Analysis: N.Marginean
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Spectroscopy of deformed neutron rich A ~ 60 nuclei
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%4Ni 400MeV + 238U IC AE-E matrix

fission events

a_ h :

_, proton stripping

E (A+B+C +D) 100




Neutron-rich Cr isotopes with N>32:
only the 2* known from p-decay studies
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LSSM Calculations

N=32 Shell closure: B.Fornal
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54Ni 400MeV + 238U
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From our data the 1056.4 keV transition is
the 4+ — 2* member of the yrast cascade.
The 38V g.s. is probably 3%, also predicted at
low energies.



Pure fp shell LSSM calculations reproduce the
experimental levels in this slightly deformed nucleus
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VOLUME 85, NUMBER 17 PHYSICAL REVIEW LETTERS 23 OCTOBER 2000
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(Received & May 2000)




Present at LNL :

Tandem — ALPI beams (therefore Tandem beams) up to A~100.
Beam intensities increased up to few pnA (6pnA for 82Se,
4pnA for 90Zr) due to the ALPI energy upgrade (equivalent to
~32MV). Heavier beams available with the low 3 cavities.

ALPI resonators

/ CR12 CR13 CR14 CR15CR16 CR17 CR18 CR19 CR20 B4

B3

COLD BOX

I I
\ CR10 CR9 CR8 CR7 CR6E CRS CR4 CR3 B2
p=0.056, 80 MHz, full Nb

p=0.13 160 MHz Nb/Cu



Perspectives:

2. PIAVE
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Kr beams. Transmission 40%.
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beams during 2005, program to
develop Sn, Cd, Sm and Pb
beams at the ECR started



Summary
The CLARA-PRISMA setup consisting on an array of 25
EUROBALL Clover detectors coupled with the large
acceptance magnetic spectrometer PRISMA is installed
and fully functional al LNL.

The first preliminary result show the capabilities of such
installation in combination with the stable beam
delivered by the LNL Tandem-ALPI complex. In the
future with PIAVE-ALPI.

In a single few days experiment ~50 nuclei could be
studied.

At the present stage of the instrument and for most
cases, additional experimental information is required to
build the level scheme once the transitions are assigned.

The first results show how experiments with stable
beams and instruments as CLARA-PRISMA can
contribute to the study of exotic nuclei



The CLARA-PRISMA collaboration
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Analysis of PRISMA (CLARA) data

A complete tracking algorithm for PRISMA was developed

Entrance detector position (MCP)

TOF Entrance detector- MWPPAC (~5m)
Focal Plane position MWPPAC + IC
 Total Energy and Z (AE/E) from IC

Ingredients ¢

Doppler (@ precise position on
correction! entrance detector

A/q <

| @ true recoil velocity

[ @ trajectory in dipole
Charge |
state | @ total energy




CLARA Doppler correction

Energy resolution of 1% at recoil velocity vic = 10%
825e+238U with 82Se selected in PRISMA
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FHYSICAL REVIEW VOLUME 59, NUMEER 1 JANUIARTY 1999

Multinucleon transfer processes in *Ni+**U

L. Corradi, A. M. Stefanmi, and C. I. Lin
Istituro Nazionale di Fisica Nucleare, Laboratori Nazionali di Legnaro, Via Romea 4, F33020 Legnaro, Padova, Italy
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Lifetime measurements with the Clover
array at Prisma

* Recoil Shadow anisotropy method:

Based on the array-collimator geometry.
Lifetimes ranging from ~0.5 to ~20 ns.
E.Gueorguieva et al. NIM A 474 (2001) 132.

» Differential Plunger method (to be developed):
Needs a degrader foil at different distances form target.

Lifetimes ranging from ~1 ps to ~1 ns.

* RFD method:
Developed at the Krakow Recoil Filter Detector.

Based on the line shape analysis of the Doppler shifted lines

and the change of momentum introduced by the straggling of the
products in the target.

Needs an accurate position sensitive detector as the PRISMA
start MCP .

Lifetimes ranging from ~50 fs to ~1 ps.

P.Bednarczyk, W.Meczynski, J.Styczen et al.



Recoil Shadow Anisotropy Method

— Angles for the Ge
e crystals of the
Clover array ring:

. 0 =106 °
- 0=980°

=

Q

o
T

Relative solid angle %
3
T

0 2 4 6 8 10 12
distance (cm).
T T T T T T T T T
140 ¢ 1
® 710 40 - -
120 | m 80°
L
g’ 100 g.%() — —
= >
G 80y 3
v ° 20 -
1 > w0
BGO shield Col L imator 5 60| 2
E <
40 10 7
) / 20
_beam \\\‘i" 0 J ‘ ‘ ot v e
I ¢ /'[X|\ RecoLl 0 2 4 6 8 10 12 0 1 2 3 4 S 6 7 8 9 10
arge ecolling nucleus distance (cm) vt ) (cm)

1/

For EUROBALL: E.Gueorguieva et al. NIM A 474 (2001) 132



A short lifetime determination with RFD

recoil

I>T 68MeV "°O + 0.8mg/cm® *Si;
Recoil fransit time ~ 0.4 ps
T<T
target 0

“Sc; 3110 keV

3020 3060 3100

*“Ti; 3013 keV

t~ 40 fs %

3140 3180 322

70

1~ 200fs

'O M T
0.l R=111-em(14)]
o

30

R o “Ca; 3219 keV
/T
The range of measured lifetimes In the measurement 1 ranging
can be chosen by a selection of from 40 to 800 fs could be
the target thickness. determined.
P.Bednarczyk, W.Meczynski, J.Styczen et al. Ns20020LNL |



