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Exploring the extremes with NUSTAR@FAIR









FAIR Review 2019

Extract from the report:




PANDA /




APPA: Atomic Physics, Plasma Physics, and Applied Sciences
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Extreme Dynamical Fields and Ultrashort Pulses
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Large Energy Deposition
Antimatter Research
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CBM - Compressed Baryonic Matter




CBM in Comparison

CBM @ SIS-100 The CBM physics program:
O * QCD equation of state

* QCD phase transition

Competitors

e Critical point signatures

 Chiral symmetry restoration
at high py,

» Strange nuclear matter

e Charm in cold and dense
nuclear matter




HESR and PANDA

High Energy Storage Ring (HESR) providing cooled antiproton beams is critical to
physics potential of PANDA. Energy resolution of ~50 keV permits resonance
scans for precise determination of masses and widths of hadron states.

Unique features: Access to hadron states with exotic
guantum numbers and high spins, large production cross
sections, lower backgrounds than fixed target searches.




NUSTAR & nuclear landscape
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The Superconducting Fragment Separator




Super-FRS scheme



PSP
code

= 122

1.2.3
1.2.4
1.2.5

1.2.6

1.2.10
1.2.11
1.2.8
1.2.9

(*) NESR required — alternative/intermediate “operation” within FAIR MSV under consideration.

NUSTAR - Experiments

Super-FRS RIB production, separation, and identification

HISPEC/
DESPEC

MATS

LaSpec
R3B

ILIMA
Super-FRS
SHE

ELISe(*)
EXL(*)

In-beam y-spectroscopy at low and intermediate energy, n-decay,
high-resolution y-, B-, a-, p-, spectroscopy

In-trap mass measurements and decay studies
Laser spectroscopy
Kinematical complete reactions with relativistic radioactive beams

Large-scale scans of mass and lifetimes of nuclei in ground and
isomeric states

High-resolution spectrometer experiments
Synthesis and study of super-heavy elements
Elastic, inelastic, and quasi-free e -A scattering

Light-ion scattering reactions in inverse kinematics
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(Super-)FRS experiments

High-resolution spectrometer experiments at the border line of nuclear,
atomic and hadron physics

(Super-)FRS as multiple-stage magnetic system (separator, analyser,
spectrometer, energy buncher) combined with ancillary detectors, e.g. with:

FRS lon Catcher WASA EXPERT
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Uniqueness of the NUSTAR Day-1 Program




Accelerator
Super_FRS

Beam diagnostics
GEM-TPC

Detector feed
throughs

Transport container
system

Beam Profile Detector
AE detectors (MUSIC)

Cryogenic beam
stopping cell

Experiments

RILIS System for
LaSpec

HISPEC/DESPEC:
MONSTER

MATS: RFQ and
Switchyard

HISPEC/DESPEC:
DEGAS

Cash

Total commitment

Finnish in-kind projects

Time of delivery

2022-2023

2022-2023

2022-2023
2022-2023
~ 2024

~ 2025

2019

~ 2025

~ 2024

done

M€ (2005 value)

0.560

0.635

0.712

0.560
0.142
0.187

0.106

0.120

0.215

0.268

1.500
5.000

Status

Assigned

Assigned

Assigned

Contract signed
Contract signed

Contract signed

Assigned

Contract signed, done

Assigned

Assigned

i

Beam
diganostics,
tracking &
manipulation
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Summary

Finland is committed to FAIR via a Consortium
between HU/HIP and SRC (Shareholder)

FAIR Day-1 experiments will start in 2025,
however some early start scenarios are discussed

For the moment the main focus of the HIP FAIR
Operations are the in-kind deliverables and
nuclear physics related to the NUSTAR
experiments, e.g. phase 0.

However, one should investigate science
opportunities provided by the other three (CBM,
APPA, PANDA) pillars of FAIR



https://youtu.be/WJGs68298YA




