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eactions with elativistic adioactive eams

RIB from R3B Start version 2017
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Construction by CEA Saclay



Major achievements

Large-acceptance dipole GLAD

v Cold mass ready and inserted in test =
cryostat at Saclay —

v Final cryostat in construction
v Delivery of magnet to GSI end of 2014

Neutron Detector NeuLAND

v Design finalized
modular active detector of 3000 scintillator
bars; 250x250x300cm? active volume g)
12

v TDR submitted to FAIR and accepted in Nov 2

v' Experiment with mono-energetic neutrons from
deuteron breakup performed in Nov 2012:
200 modules (400 PM channels) in final design mounted and tested

v Construction of 20% detector for 2014 completed
First five double-plane ready (commissioning with beam Oct2014)




Major achievements

Photon- and particle calorimeter CALIFA

v Design of barrel part finalized
1952 Csl crystals with APD readout

v TDR submitted to FAIR and accepted in Nov 2012

v R&D on forward end-cup concluded, TDR in preparation
phoswich concept of LaBr3-LaClI3 crystals

Target Recoil Tracking Detector
v Design finalized
v Construction started

v Project fully funded and = ‘
lead by UK consortium —
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Tracking Detectors
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R3B tracking system designed: Fiber-scintillators, o —
Segmented resistive Si-detectors, large-area ToF walljz /// /{'_”/’” 7// :

v Successful tests with beams at GSI in 2012 and 207 i
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v Construction of final detection system started



Schedule and first experiments

2013 Installation of infrastructure in Cave C for GLAD (He cryo-system, power supply)
Delivery and installation of superconducting dipole GLAD (expected Q4/2014)

2014  Installation of 20% detectors NeuLAND and CALIFA
Commissioning run in Q3/2014 (happened last week!)

2015/16 Construction and installation of detector components
2017  Commissioning of R3B setup and first physics run at GSI
2018  Physics program at Cave C

2019 Installation of experimental setup at FAIR site including superconducting triplet
2020 Commissioning and first experiments at Super FRS \

Experiments in (2018) 2020 will make use of uniqueness of R3B*
- Reactions at high beam energies up to 1 GeV/nucleon

- Tracking and identification capability even for the heaviest ions

- Multi-neutron tracking capability, high-efficiency calorimeter

=) Experiments possible for the first time:
- 4 neutron decays beyond the drip-line and for heavier n-rich isotopes
- Kinematically complete measurements of quasi-free nucleon knockout reactions
- Electric dipole and quadrupole response of Sn nuclei beyond N=82,
and of neutron-rich Pb isotopes



First experiments at Cave C 2017 +

R3B Status: GLAD installed
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Full heavy-ion tracking system

Target Recoil detector complete
CALIFA available to a large fraction
NeuLAND available to a large fraction
Active Target

mmmss)  Novel Instrumentation at place, 1 GeV/u beams possible for the first time

. Dipole strength function of halo nuclei up to 30 MeV excitation energy
. Quasi-free scattering at large momentum transfer and short-range tensor correlations
. Fission

- Fission Barriers of exotic nuclei measured by (p,2p) induced fission

- New deformed shell structures in the electromagnetically induced fission of neutron
deficient pre-actinides

- Excitation energy sharing in the electromagnetically induced fission of actinides

. Spectroscopy of 2* states of heavy neutron-rich nuclei
. Elastic and inelastic scattering using the active target
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Quasi-free scattering in inverse kinematics

with high-energy radioactive beams
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from Vg NN 1 valence-neutron interaction
+ 3N (AN'LO) forces induced from 3N force

Quasi-free knockout reactions

(p.2p), (p.pn), (p.2p.n), (p.pd), (p.pa), (p.2p)fission
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Single-particle structure and correlations
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Single-particle cross sections

Quenching for neutron-proton asymmetric nuclel
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Correlations in asymmetric nuclei and nuclear. matter
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Detection System

2005

Plastic paddles for proton trigger
4n Csl crystals for gammas and angular
measurements of protons and neutrons
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Quasi-free scattering from 12C

a Benchmark experiment

Strong angular correlations of the two nucleons

e
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Analysis by V. Panin



Quasi-free scattering from 12C

a Benchmark experiment

Kinematics are particularly important!
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First experiments at FAIR 2020 +

Status: R3B completed (except high-resolution spectrometer)

1. Dipole response of heavy neutron-rich beams

(Pygmy, GDR, polarizability, symmetry energy)
Day—l: 208-218pp
Day-2: 220-224Pb (when design intensity is reached)

2. Dipole response (Pygmy, GDR, polarizability, symmetryenergy)
of very neutron-rich Sn isotopes (beyond N=82) in the r-process path

3. Multi-neutron decays

4. Quasi-free scattering reactions with nuclei of extreme N-Z

5. Quasi-free scattering at large momentum transfer and short-ranged tensor correlations as
a function of isospin

6. Elastic and inelastic scattering using the active target

7. Spectroscopy of 2+ states of heavy neutron-rich nuclei

8. Spectroscopy of 1%°Sn



Systematics of Pygmy dipole strength ?
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Symmetry energy S,(p) and neutron skin in 298Pb
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Symmetry energy and dipole response

neutron-skin thickness
dipole response
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First measurement of the dipole polarizability

for a short-lived nucleus

Dipole response of neutron-proton asymmetric nuclei

Pygmy- and Giant-Resonance and dipole polarizability of 58Ni
= Neutron-skin thickness, Symmetry-energy
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Neutron-skin thickness
ARn,p =0.175(21) fm

D. Rossi et al., Phys. Rev. Lett. 111 (2013) 242503



Conclusion

* R3B construction well on track
Successful commissioning of already constructed detector components done

* Day 0 (2017+)

New instrumentation including superconducting dipole will be available
in Cave C for experiments

s [nique experimental program possible already at Cave C

* Day 1 (2020+)

R3B completed and ready for beams at FAIR

s Physics program with exotic beams from Super-FRS



