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Heavy-ion physics:

* Exploring dense QCD matter

* Probe strongly-interacting many-body systems
* Hadrons as probes of the medium

* Properties of hadrons in a dense environment
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Heavy-ion physics:

* Exploring dense QCD matter

* Probe strongly-interacting many-body systems
Hadrons as probes of the medium

Properties of hadrons in a dense environment
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Nuclear physics:

* Map out the nuclear spectrum in isospin and strangeness

* Properties of nuclei at the edge of stability, e.g. neutron-rich

* Probe baryon/meson degrees-of-freedom in many-body systems

Frank Nerling QCD at FAIR, 2024, GS| Darmstadt 11/11/2024



H FH F Methodologies at FAIR — QCD matter at extremes  -..—f..

Helmholtz Forschungsakademie Hessen fiir FAIR

Heavy-ion physics:

* Exploring dense QCD matter

* Probe strongly-interacting many-body systems

Nuclear physics:

Hadrons as probes of the medium
Properties of hadrons in a dense environment

* Map out the nuclear spectrum in isospin and strangeness
* Properties of nuclei at the edge of stability, e.g. neutron-rich
* Probe baryon/meson degrees-of-freedom in many-body systems

Hadron physics:

* Map out the hadron spectrum
* Search for “exotic” forms of hadrons

* “Microscopic” study of hadron-hadron interactions

Frank Nerling

QCD at FAIR, 2024, GSI Darmstadt
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Heavy-ion physics:

* Exploring dense QCD matter
* Probe strongly-interacting many-body systems
* Hadrons as probes of the medium

* Properties of hadrons in a dense envi Hadron interactions:
Reference for understanding
medium effects

Temperature T [MeV]

Nuclear physics: e
* Map out the nuclear spectrum in isospin and strangeness .. : 2Ty
* Properties of nuclei at the edge of stability, e.qg. neutron-rich ‘

* Probe baryon/meson degrees-of-free Hadron interactions:
Provide baryon-baryon data
in flavour SU(3)

Gilueball

Hadron physics:

* Map out the hadron spectrum
* Search for “exotic” forms of hadrons Meson
* “Microscopic” study of hadron-hadron Hadron interactions: @

Enable spectroscopy of (new) ‘
hadronic matter

proton, neutron, ...

pion, kaon, ...
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What can be achieved for hadron physics with proton and pion beams? (

* Initiative from FAIR-motivated group from within various collaborations,
such as CBM, HADES, PANDA

* Promote the realisation of First Science+ (FS+) at FAIR

* Identify a QCD-inspired physics program with proton beams
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What can be achieved for hadron physics with proton and pion beams?

* Initiative from FAIR-motivated group from within various collaborations,
such as CBM, HADES, PANDA

P-Linac

* Promote the realisation of First Science+ (FS+) at FAIR

UNILAC

* Identify a QCD-inspired physics program with proton beams:

» Heavy-ion physics communities: Enrich program with “elementary” ®
component, strengthen political impact at FAIR

i ities: i i ics: NUSTAR
» Nuclear physics communities: Large overlap in physics topics: e

nuclear astrophyiscs, hypernuclei, EoS, ... A

» Hadron physics communities: Probe terra incognita regime,
keep “flame” alive at FAIR
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What can be achieved for hadron physics with proton and pion beams?

* Initiative from FAIR-motivated group from within various collaborations,
such as CBM, HADES, PANDA

P-Linac

* Promote the realisation of First Science+ (FS+) at FAIR
UNILAC

* Identify a QCD-inspired physics program with proton beams:

» Heavy-ion physics communities: Enrich program with “elementary” H”R‘: ®
component, strengthen political impact at FAIR (

NUSTAR
SPARC
HTA

» Nuclear physics communities: Large overlap in physics topics:
nuclear astrophyiscs, hypernuclei, EoS, ...

» Hadron physics communities: Probe terra incognita regime,
keep “flame” alive at FAIR

e Strengthen collaborations among hadron-, nuclear- and heavy-ion
communities from both, experiment and theory!
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with pions and protons

Energy upgrade:

* From max 4.7 GeV (SI1S18) to 29 GeV (SIS100)
proton energy: V(syy ) = 3.5 GeV — 7.6 GeV

* Opening new realm: double & triple strangeness and
even charm baryons and mesons!

* Significant increase in production yield of hyperons

Intensity upgrade:
* From max protons/cycle of 10'? (SI1S18) to 2x10"® (S1S100)
* Even during “commissioning” (10'° protons/cycle)

and 5 cm LH2 target: ~10 pb™" day’
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Energy upgrade:

* From max 4.7 GeV (SI1S18) to 29 GeV (SIS100)
proton energy: V(syy ) = 3.5 GeV — 7.6 GeV

* Opening new realm: double & triple strangeness and
even charm baryons and mesons!

* Significant increase in production yield of hyperons

P-Linac

UNILAC

Intensity upgrade: FRS{

* From max protons/cycle of 10'? (SI1S18) to 2x10"® (S1S100) 08’y

* Even during “commissioning” (10'° protons/cycle)
and 5 cm LH2 target: ~10 pb™" day’

NUSTAR
SPARC
HTA

Detector enrichment:
* Towards high-rate capabilities and free-streaming DAQ’s etc.

Theory enrichment:
* Terra incognita: intellectual challenges in this energy regime!
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One-day satellite workshop prior to the MESON2023 conference in Cracow, June 21t 2023.

Physics opportunities with proton beams at SIS100

Wednesday Jun 21, 2023, 9:00 AM — 11:00 PM Europe/Berlin
Q
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After a series of workshops ...

Physics opportunities with proton beams at SIS100

Wednesday Jun 21, 2023, 9:00 AM — 11:00 PM Europe/Berlin
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6-9 February 2024
Wuppertal University

Europe/Berfin timezone

Overview
Timetable
Registration
Participant List
Venue details
Accomodation
Workshop fee

Payment details

Four-days workshop in Wuppertal, Feb 6-9t, 2024

Physics opportunities with proton beams at SIS100

https://indico.gsi.de/event/18475

Purpose of this workshop is to bring
together experts working in the field of
proton induced interactions, and to explore

possibilities for exciting physics at the e , ‘ —
SIS100 accelerator at FAIR. P E A
= CBM / HADES cave 2023
Z b

This workshop is a follow-up of a kick-off
event that was held in June 2023
connected to the MESON2023 conference. For further details including an executive summary and
slides that were presented, we refer to https:/indico.gsi.de/event/17693.
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Mission:
* Bring together experts from both theory & experiment

* Form community connecting common interest among
different QCD-driven scientists

Identify promising topics for a long-term pion- and proton
-driven physics program

Evaluate complementarity to programs at other facilities
Prepare towards a white-paper
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A comprehensive QCD program at GSI/FAIR
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Many-body dynamics
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White Paper:

* Paper is under production!

~70 contributors
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Hadron Physics at GSI/FAIR:
=> Prospects for next decade

A comprehensive QCD program at GSI/FAIR!
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This series of workshops is organised for:
* Hadron-driven “QCD” physics at FAIR — a win-win-win situation!
* Heavy-ion physics perspectives:

» Crucial reference to heavy-ion reactions
» Detailed information on baryons and meson-baryon couplings } {,

* Nuclear physics perspectives:
» (Ab-initio) baryon-baryon data in flavour SU(3)

* Hadron physics perspectives:
» Controllable tool for hadron spectroscopy
& structure studies in u,d,s,c sectors
» Intermediate physics program with pions
& protons towards antiprotons

Let me wish us a very interesting workshop with constructive \v_’
discussions and progress — thank you very much for your participation!

Frank Nerling QCD at FAIR, 2024, GS| Darmstadt 11/11/2024
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