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Heavy-ion DCE
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Vo oxn + 9XN > 2 5Vne2 25 N2

v Induced by strong interaction

v Sequential nucleon transfer mechanism 4t order:

v" Meson exchange mechanism 2" order

v' Possibility to go in both directions

From T. Uesaka talk at NN2015
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Ovpp vs HI-DCE

Initial and final states: Parent/daughter states of the 0186 are the same as those of
the target/residual nuclei in the DCE;

Spin-Isospin mathematical structure of the transition operator: Fermi, Gamow-
Teller and rank-2 tensor together with higher L components are present in both
cases;

Large momentum available: A linear momentum (100 MeV/c or so) is characteristic
of both processes;

Non-locality: both processes are characterized by two vertices localized in two
valence nucleons. In the ground to ground state transitions a pair of
protons/neutrons is converted in a pair of neutrons/protons so the non-locality can
be affected by basic pairing correlation length;

In-medium processes: both processes happen in the same nuclear medium, thus
quenching phenomena are expected to be similar;

Relevant off-shell propagation in the intermediate channel.




Qualitative is not enough

We need to access quantitative information with control of the error bars!

How far we are from that goal?
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Tools for DCE at LNS

The Superconducting Cyclotron

MAGNEX
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Moving towards hot-cases: _
S
Caveat &

The (*30,'8Ne) reaction is particularly advantageous, but it is of 8*6* kind;
None of the reactions of 676 kind looks like as favourable as the (120,'8Ne).
(18Ne,*80) requires a radioactive beam
(’°Ne,?°0) or (*2C,12Be) have smaller B(GT)
The reaction Q-values are normally more negative than in the 4°Ca case

In some cases gas or implanted target will be necessary, e.g. 13°Xe or 13%Xe

In some cases the energy resolution is not enough to separate the g.s. from
the excited states in the final nucleus — Coincident detection of y-rays

Much higher beam current is needed



Present technology is not enough

We need to measure at very high rates of heavy ions!

How far we are from that goal?
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Major upgrade of LNS facilities: The CS accelerator

The CS accelerator current (from 100 W to 5-10 kW);

Existing
extraction
channel 5

Extraction by stripping

New
extraction
channel

e The beam transport line
transmission efficiency to

nearly 100%
EXFCS ; ED2
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Project submitted to INFN MAC



Major upgrade of LNS facilities: the MAGNEX spectrometer

e The MAGNEX focal plane detector rate (from 2 kHz to several MHz)

From multi-wire tracker

To micro-pattern tracker
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> R&D key issue : GEM-
based tracker at low
pressure and wide
dynamic range

> Collaboration with LNF
and CERN

From wall
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of 60 Si pad

A big challenge!

0.9 M€ call approved by
INFN CSN5 (SICILIA)

in collaboration with
CNR

STM microelectronics
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The Phases of NUMEN project

» Phasel: The experimental feasibility

» Phase2: “hot” cases optimizing the experimental conditions and getting first
results (approved)

» Phase3: The facility Upgrade (Cyclotron, MAGNEX, beam lines, .....):

» Phase4 : The systematic experimental campaign

Preliminary time table

eor 2013 2014 2015|2016 2017 2018|2019 2020 | 2003

Phase?2 Approved

Phase4
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Challenging some hot cases in Phase 2

2016 | 2017 2018

Reaction (Ilf/ln:\;%/)

e 0y ca | 150 [RRRSRRY
11°Cd (*Ne,20) 1°sn | 15-25 NSOV RS
130T (ONe, 20) 130Xe | 15-25

6Ge (ZONE,ZOO) 6ga 15-25

"°Se (**0,"®Ne) °Ge | 15-30

1%cd(*®0,®Ne) ®°Pd | 15-30
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Results from a test run on 115Sn(120,18Ne)eCd octover 2015

Epeam=15MeV/u, target thickness 400 pg/cm?
150uC integrated charge in 50 hours at 1 enA (including dead time 50%)

Detector and beam transport performances studied up to 6 enA
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Realistic cross section estimate for DCE
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Let’s enjoy the workshop
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