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Google Earth: FAIR in 2022
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< Future beams:
Intensity: primary ions 100-fold
secondary RIB 10000-fold

lon beams today: e Types : Z=-1-92
Z=1-92 (Antiprotons til uranium)
(Protons til uranium)

Energies: lons up to 35 - 45 GeV/u
Up to 2 GeV/nucleon antiprotons 0 -15 GeV/c







International Participation in FAIR

—— _—

 FAIR governed by international convention
* 9 shareholders + 1 assoc. partner (orange)
« Scientists from all over the world are engaged

« More than 200 institutions from 53 countries are involved with their
scientists (orange + blue)



Visualization civil construction
sections (2-D)

by, B
D’%a




The GSI/FAIR Joint Management

Paolo Giubellino  Ursula Weyrich  Jorg Blaurock



Experimental Collaborations
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Neutron stars — Universe’s lab of
exotic matter

CBM APPA
nuclear matter at high densities ions in extreme electro-magnetic fields

PANDA NUSTAR
hyperon-hyperon interaction neutron-rich nuclei




APPA — Atomic Physics (SPARC)

Electron cooler

Umax = 2 MeV
L=27m

Stochastic cooling system
800 MeV - 8 GeV (antiprotons)
2 GeV/u - 3.5 GeV/u (heavy ions)

Possible locations of

max. Bp =50 Tm the SPARC experiment
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PANDA detector
Injection from CR

antiprotons @ 3 GeV,
heavy ions @ 740 MeV/u
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Abundance

o stellar H-, He, C, O, Si-burning
stars, supemovae
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FAIR asset — rings and instrumentation
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Frequency measurement
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Measured mass spectrum
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Time-resolved Schottky mass spectrometry is perfect tool to study nuclear decays
in the storage ring
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FAIR contribution: masses
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Impact of nuclear half-lives

A FRDM+QRPA
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Knowing the half-lives we will
constrain the dynamics of the
supernova explosion



Pioneering experiment to prove

Entries 64209
Mean x 4.658
Mean y 8.338
RMS x 3.651
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CBM — Searching for landmarks in
the phase diagram of matter

= \What do we know?

Quark-Gluon Plasma

Chemical ,freeze-out” from measured
particle yields analyzed with Statistical
Hadronization Model

LQCD: Crossover transition at small pg

» What is predicted?
Possible 15t order phase transition(s)

and critical point? at large pg

Disappearance of the condensate at
200 400 600 800 high T and high density = leading order
HB [MeV] parameter for x symmetry restoration




charm

prompt Y
resonance

thermal 'y
decays




CBM: advantage over other experiments

Quark-Gluon Plasma
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PANDA — Exploring QCD

experiment
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The PANDA contribution

Events/5 MeV/c?

3860 3900

M(r'm Jhy) (MeVic?)

Spin assignment:
JPC=1** with LHCDbD in pp (B* deca

Structure:
Resonance

cross
section

hadronic

4quark state
molecule
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Midterm Research Program

e Goals

— forefront research by employing and testing new FAIR detectors
— exploiting upgraded GSI accelerator facilities
— education of young scientists

— maintain skills and expertise

— serve national and international user commuygi

detectors
. and
I Testing of F A | R S
concepts

works at GSI Campus for APPA, NUSTAR and restricted for CBM (HADES)
CBM and PANDA need participation in experiments at external research facilities

ALICE - participation in physics analysis of LHC Run 2
and upgrade for LHC RUN 3



GSI Accelerator and Experimental Facilities

Linear-Accelerator
up to 12 AMeV
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FAIR Phase 0: Research opportunities
with new equipment starting in 2018
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FAIR

Observables: Photons, electrons, positrons, ions
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X-ray optics, channel-cut crystals Laser systems




FAIR Phase 0
NuSTAR: SC R3B Dipole GLAD arrived at GSI

L lil e =

ith the help of a 500-t crane, th
transport into the experimental h

R .

ith the help of a 500-t crane, the GLAD magnet was .
transport into the experimental hall (photos: A. Herlert
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Measurements were performed using collinear laser spectroscopy, utiliz
2 v .

reference of the 4s %Sy/, > 4p *Py, transition in a Paul trap for beam-en:

a result, the accuracy of the isotope shifts in the 4s 251/2 - 4p 2P3/2 trans G LAD in the target ha" at GSI

improved by about an order of magnitude. Comparison with the trap me

King-plot-type analysis revealed that the electronic expectation value in: Vacuu m test SUCCGSSfU|

about 1.8(13) % larger in the 4p 2P1/2 level than in the 4p 2P3/2 level. This
relativistic contributions to the 4p;/; wave function. The results have bet

Journal of Physics B. It is the first physics result that has been obtained v Transport and InSta”atlon at Cave C SChedUIed

prototype and demonstrates its feasibility to perform high accuracy isot: for 201 6
measurements. Additionally, we provided important reference data for i
of stable calcium ions and helpful calibration data for collinear laser spe:

measurements on the neutron-rich isotopes beyond “8Ca, in investigatio CommISSIOnlng und fl rSt teStS 201 6/1 7

transition currently being performed at the COLLAPS setup at ISOLDE/CE

Heavy element studies with collinear laser spectroscopy at JYFL

In 2018, start of physics program with GLAD

using beams from SIS18 and FRS Strahlen at 1
8/11 GeV/u

Recently, a new program to study heavy actinide elements using a comk
resonance ionization and collinear laser spectroscopy has been initiated
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FAIR Phase 0
NuSTAR equipment for y-spectroscopy

FAIR

built and commissioned at RIKEN

being built and commissioned hopefully at GSI

built and commissioned at RIKEN

built and commissioned at GSlI, Jyvaskyla, RIKEN

built and commissioned at Jyvaskyla

built and commissioned at GSI
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