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 ESFRI Landmark

 Top priority for European 
Nuclear Physics Community

 Driver for Innovation in 
Science and Technology

FAIR:Facility for Antiproton and Ion Research  
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FAIR – The Facility
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• Intensity gain: x 100 – 1000 
• 10 x energy (comp. to GSI)
• Antimatter: antiproton beams
• Precision: System of storage and cooler rings
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FAIR: International Cooperation

 9 international FAIR Shareholders
 1 Associated Partner (United Kingdom)
 1 Aspirant Partner Czech Republic (Since 2018)
 Participation of 3.000 scientists from all continents
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before July 2017

Status of FAIR Project: Civil Construction
Progress since ground breaking event 4-July-2017

July 4th 2017

Oktober 2019
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~ 60 sc dipole SIS100 modules manufactured 

at BNG and 55 shipped to GSI and tested 

SIS100 quadrupole units shipped from JINR 
to BNG for integration into FOS module

All 51 HEBT vacuum chambers of batch 1 
delivered (BINP, Russia)

The series production of RF – debunchers All HESR Dipoles are produced, in Jülich
and 65% are delivered to FAIR

Delivery of 1st 6 series Power Converter 
from India, (ECIL, India)

Status of FAIR: Accelerators:
construction / procurement progress
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Two FoS vacuum chambers for the 
quadrupole doublet modules of the SIS100 
arrived from China. They will be installed 
by the integrator in the quadrupole units

First-of-Series of the Super-FRS short SC 
Multiplet arrived in February 2019 at CERN 

test facility for execution of the Site 
Acceptance Test

First HESR Stochatic cooling pick-up and 
kicker in operation at COSY

Successfully First-of-Series FAT for the 
Super-FRS short SC Multiplet took place in 

Italy at January 2019

Copper plating and first tests of the RFQ 
accelerator cavity for the pLinac have been 

completed and match specifications

Status of FAIR: Accelerators:
construction / procurement progress

Three new MA acceleration cavities
installed and commissioned with beam
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Distributed testing infrastructure for the FAIR 
superconducting magnets
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New CRYRING@GSI/FAIR

View from local injector to the ring

• FIRST FAIR accelerator

• ready for experiments and tests
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CRYRING –
heavy ion storage ring, relocated to FAIR 

from Manne Siegbahn Lab. of Stockholm Uni.
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hadron structure and dynamics

nuclear structure and

nuclear astrophysics

nuclear- and quark-matter

PANDA

CBM

NuSTAR

atomic physics, biophysics,  

plasma physics, material research, 

other applications
APPA

The FAIR science: four pillars
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APPA –

Atomic Physics, Plasma Physics, and Applied Sciences
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APPA Cave
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APPA

 Atomic, Plasma Physics 

and Applications

 About 800 members 

 Wide field of science

 basic research into 

material, biological and 

medical applications and 

space research
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Atomic Physics

SPARC: ~400 members from 26 countries

Plasma Physics

HED: ~300 members from 16 countries

Materials Research and Biophysics

BIOMAT: ~100 members from 12 countries

HESR

ESR

Cryring

Stored 
Particles 
Atomic 
Research 
Collaboration
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CBM - Compressed Baryonic Matter 
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CBM Experiment at FAIR: Systematically explore QCD matter at large baryon 

densities with high accuracy and rare probes, at highest interaction rates in the field.

CBM collaboration: 55 institutions, 

470 members in 11 countries

● QCD Equation of State

● Search for exotic phases and 1st order 

phase transition

● Critical endpoint

● Chiral symmetry restoration at high μB
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CBM Experiment – Construction Phase
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 typical collision system: Au79+ +Au at 4 to 11 AGeV

 Day 1: beam intensity: 5x107 ions/sec;  interaction rate 0.5 MHz

 MSV:   beam intensity: 109 ions/sec;      interaction rate 10 MHz 

HADES                         CBMHADES                         CBM

CBM TRD module test

at DESY 

STS

Poster: P. Pfistner

PSD

Poster: D. Finogeev
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NUclear

STructure Astrophysics and Reactions
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• The limits of nuclear existence (lifetimes, decays, …)

• Ground state properties (masses, radii, …)

• Structure of excited states (shell structure, shapes, …) 

• Unbound and other exotic system (halo, skin, …)

• Nuclear equation of state
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NUSTAR 

- Origin of Elements in the Universe

16November 21st,  2018The Experiments: Key Technologies of FAIR and GSI 16

„Nucleosynthesis sites“ in the universe

ILIMA, EXL at CR 

and at ESR, HESR, Cryring

R3B

SFRS

„Nucleosynthesis sites” at FAIR
Nova

Type I Supernova

Neutron Star Merger

Sun

Type II Supernova
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production

target

SIS

100

Primary

intensities 

vs. GSI: 

x 100
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Status of NuSTAR experiments

- detector R&D and construction
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TRD

MUCH
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PANDA
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PANDA

PANDA

antiProton
ANnihilations at DArmstadt
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PANDA - AntiProton Annihilation at Darmstadt
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NuPECC Long Range Plan

The combination of PANDA’s discovery potential for new states, coupled with 

the ability to perform high-precision systematic measurements is not realised 

at any other facility or experiment in the world. 
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Antiprotons at FAIR

 Antiproton production
• Proton Linac (70 MeV)
• Accelerate p in SIS18/100 (4/29 GeV)
• Produce p̄ on Ni/Cu target (3 GeV)
• Collection in CR, fast cooling
• Accumulation in HESR
• PANDA luminosity ≤ 2x1031cm-2s-1

• p̄ momentum: 1.5 – 15 GeV/c
• Fixed target: cluster jet/pellet

• Full FAIR version (Phase 3, after 2026)
 Accumulation in RESR, slow cooling
 Storage in HESR

 PANDA luminosity ≤ 2x1032cm-2s-1

20
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HESR - High Energy Storage Ring
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HESR - High Energy Storage Ring
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HESR components at FZ Jülich
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PANDA Detector Requirements
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PANDA Detector
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Pellet Target (H2)
Prototype @ ITEP

Muon 

Detector
JINR Dubna

Magnet Yoke Octant
Production @ BINP

 Talk: E. PyataTarget Beam Dump
Tests @ COSY

Cluster Jet Target (H2)
World record 4 × 1015𝑐𝑚−2

target density achieved
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All 8 Yoke Octants ready.

Assembly in preparation. 

Laminated Doors 

Yoke Supports 

SC cable prototype BINP.

Segmented Coil – Final 

Design Review by BINP 

and CERN. 

Solenoid Magnet production @ BINP
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Straw Tube Tracker

Forward Tracker

Forward 

TOF
Tests@PNPI

Forward RICH (NSU)
Talk: S. Kononov

Luminosity Detector
Talk: F. Feldbauer

Poster: H. Leithoff

Micro Vertex

Detector (Si)
Pixels inner layers

Strips outer layers

Self-supporting straws

double layers, Ar/CO2

0.05 % X/X0 per layer
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PANDA – DIRC Detectors
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DIRC 
Talk: C. Schwarz

Poster: A. Ali
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PANDA - Target Electromagnetic Calorimeter
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Crystal Production

~60% produced at BTCP (Russia)

New producer Crytur (Czech Rep.)

APD / Preamp / VPTT

Screening 30000 APDs

ASIC preamp design ready

VPTT Modules ready

Assembly

Forward-EMC: near completion

Backward-EMC: production started

Barrel-EMC: 1st slice completed
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PANDA
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Muon system rationale

Low momenta, high BG of pions

➔ Multi-layer range system

Drift tubes with wire & 

cathode strip readout

FEE FPGA development

Production designs @ JINR

Interleaved layers

scintillator / absorber 

WLS fibers to PMTs 

FADCs for digitization

Forward Shashlyk Calorimeter
TDR and Prototypes - IHEP Protvino

Talk: M. Preston 

Muon Detector system
TDR and Prototypes - JINR Dubna
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PANDA – Data Acquisition and Controls
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Supervisory Layer

Controls GUI interface

Databases & configurations

Interface: HESR, DAQ

Control Layer

I/O controllers  

Device Drivers

Archiving sub-system

Field Layer

PANDA sub-systems specific

Interface: Detector Safety System

Experimental 

Physics and 

Industrial

Control

System

DAQ

Timing

Online

Event

Filter

Detector Frontends
TDC developments @GSI 

Talk: M. Traxler

FPGA h/w

Machine

Learning

Schemes
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PANDA Collaboration

33

Technical Design Reports
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PANDA Planning

34
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Schedule for FAIR Science

35

Working towards the completion of FAIR by 2025/26

Major thrust is on construction of FAIR accelerators 
and experiments.

At the same time staged approach to FAIR science 
and progressive commissioning of accelerators 
and detectors:

 FAIR phase 0 : start in 2018/2019

 FAIR day 1 configurations/ phase 1 experiments 
with FAIR accelerators progressively approaching 
design parameters   2024/25 …

 Full FAIR operation 2025/26+ 
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Phase-0 at GSI: HADES (CBM, PANDA) 

 First HADES beam data obtained in February 2019
during commissioning of the beam on target 

 HADES production beam time 28 days in March 2019
Unique studies of baryon-rich matter through 14 billion 
recorded events of Ag+Ag

 HADES forward detection system to be complemented 
this year utilising technology developed for and in close 
cooperation with PANDA

ECAL upgrade: 4 sectors tested with beam

RICH upgrade: rings from particles observed

Straw Tracker Stations

36
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FAIR is coming

37

FAIR is a unique opportunity for world science.

 A fascinating and broad science program, with world class 

experiments

The Project is rapidly developing

 Both civil construction and procurement of accelerator 

components proceed rapidly, aiming at the start of FAIR by 

2025

 The experiments are getting ready

 First-class intermediate research program, FAIR Phase-0 has 

started. 
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Thank You!

Unique Opportunities 

. . .  & Challenges

FAIR 2025 


