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The Initial Physics Motivation

ULi(p,p'), E, = 60 MeV

3_0. ec.m=u°

Soft modes in halo nuclei excited by (p,p’) scattering

| S.A. Fayans, S.N.Ershov and E.F. Svinareva
| Physics Letters B292 (1992) 239.

d*c /dEdS), mb/(sr MeV)

E,, MeV
Fig. 1. Inclusive proton energy spectra from the ''Li{p, p’) re-
action at E,=60 MeV versus the excitation energy E, for the three
values of scattering angle 6.,,. The contributions from excitations
with various J™ transfers are shown separately.
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Inverse Kinematics

Reactions of “’Mg on p and d at 20 MeV/u
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E, (normal kinematics)

| W.N. Catford; Nucl. Phys. A 701 (2002) 1c
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First Inverse Kinematics Experiment

7. Phys. A — Hadrons and Nuclei 340, 339-340 (1991) |
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Investigation of the (d, p)-reaction on '3%132Xe
in inverse kinematics *
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The MUST Array

connectors

preamplifiers

detectors
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Simple interpretation of M, /M

Low lying collective state

tr +2
Mn,p = f Prp (r)r dr

F
% _ % 5_ | + Nbl 1 Bernstein Formula
Mp B b, 5,0 7 bp Proof by Elias Khan PRC 105 014306 (2022)

Hydrodynamic model ; Vibration of a
homogeneous fluid M,/M, = N/Z

Shell model (single closed shell nucleus)
mainly coherent 0 hw excitations

? closed proton shell M,/ M = ©9
& UI closed neutron shell M,/M, === (

but 1 and 2h® components tend to «almost» restore the value of N/Z
this 1s called «core polarization»
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N=28 gap : 4.47(8)MeV

L. Gaudefroy et al. PRL 97 092501 (2006)
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& [MeV] Evolution of single particle energies at N=29

0 4 fsi
2]
P12
4 ]
6 | Tensor monopole interaction (7. Otsuka)
mdz; —v( f75-1572 )
| or/and
-8 _ f7
Density dependence effect (J. Piekarewicz)
i T2 — V(P12-P32 )
-10

Courtesy of Olivier
The N=28 gap has decreased by 330(80) keV between Ca and Ar Sorlin

Decrease of the fand p spin-orbit splittings not predicted by mean field calculations



During that time...
Exclusive nucleon removal reactions @NSCL

J.Tostevin, J. Phys. G25 (1999) 735

G(n) = Cz;(i,n) Gsp(J>By)

Spectroscopic factor Single particle removal cross section

cysp: cSstripping T O giffraction
Calculated 1n the eikonal model (integration over straight
line trajectory, ingredients are n-T and C-T interaction

potentials) E>50 MeV/A

o @ .o

stripping diffraction




Correlations: Knock-out vs.
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FIG. 4 (color online). Reduction factors R, obtained with (a) a
WS OF and the SLy4 interaction [31], averaged over four
entrance and two exit potentials, and compared to shell-model
calculations performed with the WBT interaction [37] in the
Op + 2he valence space: (b) a microscopic (SCGF) form factor
[30]. The detail of error bars is given in text.



Time to improve and diversity
experimental approaches



The )HUSI'Z Array

Collaboration: IPNO,SPhN/Saclay,GANIL

MUST2 : a major upgrade of MUST

» Increased angular coverage

= Better efficiency

= Measure several reactions in one shot
Increased granularity (multiparticle events)
New ASIC based electronics : more compact

ASICs
16 channels
Eand T

DSSD 128+128
300um



y-ray Coincidences with MUST2, TIARA and
EXOGAM

Experimental set-up and kinematic lines
target CD2,CH2 (7 mg/cm2)

30MeV/A
10°pps

LESE

" MUST2



MUGAST + AGATA + Vamos (+ Cryo Target)

TARGET
WINDOW |

TEMPERATURE
PROBES

M. Assié et al; NIMA 1014 (2021) 165743
F. Galtarosssa et al; NIMA 1018 (2021) 165830



Lifetime Measurements without Top-Feeding
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FIG.1. Two-dimensional correlation between the YO excitation
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FIG. 3. Comparison between experimental data and simulation

|. Zanon PhD and |. Zanon et al.; PRL 131 262501 (2023) for the lifetime of the 25 state in 0.



4PN
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Fils du dégradeur de champs

Plan de fils

Plan de pads

19



Giant Resonances in *¢Ni through °4Ni (o, 0”)
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Solenoid technique : HELIOS @ Argonne, ISS@ISOLDE

Proton follows helical orbit in

field of solenoid 12 . r
—::8: 1
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F-\|R EURISOL =0l M@ o =3/
w Design Study o - S ‘"{- exotic beams for science\
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What does the future hold?

For Physics Prospectives see Olivier Sorlin’s talk on Friday.



ELECTRONICS  DETECTORS

MECHANICS

The GRIT array and AGATA

4n Silicon array fully integrable in AGATA

o High efficiency for particles .‘;:’2:%_’.4
o High granularity (strip pitch < 0.8 mm) exotic beams for science™
Layers of Silicon ® 500um DSSD pitch <0.8 mm E AN

CEA/DRF k. OMPZ. cnpsinzps

= 1.5 mm DSSD pitch ~10mm
= 1.5mm DSSD (fwd angles)

o Large dynamical range
o PID using Pulse Shape Analysis techniques
New Integrated Digital electronics designed by lJCLab, LPC Caen, INFN

Integration into AGATA (radius=23 cm)
transparency to gamma-rays

high compacity

Special targets : cryogenic, tritium, windowless

O O O O

Courtesy Didier Beaumel - Orsay

,////. _



The FAUST array and GRETA
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Wilton Catford and Gavin Lotay
Surrey




Solaris for FRIB and Argonne: Dual mode Solenoid

.................. Benjamin Kay - Argonne
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Scattering in a storage ring: EXL @ESR (GSI)

moveable

2" detector \I::eam injection

i aperture
= qu‘ electron
detector A ’ Q. ! cooler
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" 1% detector
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The new ESR Scattering chamber

1t DSSD
& SiLi)s

Nasser Kalantaar - KVI

FAIR

FAIR — Facility for Antiproton and lon
Research in Europe

e T S S

. DSSD: 128 x64 strips,
(6 x6) cm? 285 um thick

. Si(Li): 8 pads, (8 x4) cm?
6.5 mm thick

. active vacuum barrier

. moveable aperture to
improve angular resolution

% university of kvi - conter for advance
9 / umiversirof i




The first DREB workshop

8

|

June 1999 at MSU A

| David J: Morrissey ¢

2 'yz days | Emeritus Faculty
~ 50 participants x

P. Gregers Hansen Kirby Kemper
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