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FAIR Launched 7.11.2007

FAIR

Partners signing communique:
Austria, Germany, Spain, Finland, France, Poland,
Romania, Russia, Sweden, Great Britain

Horst Stocker, EPAC 2008

Communiqué
on the Official Launch of the
Facility for Antiproton and lon Research (FAIR)

Darmstadt, 07 November 2007

Representatives of the FAIR partner countries have met in Darmstadt
today, 07 November 2007, to jointly announce the beginning of the
realization of the FAIR project in Darmstadt. The FAIR pariner countries
have issued statements on their intended contributions to funding FAIR,
Furthermore, the signatory representatives declare the following:
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FAIR Start Event - 7.11.2007

- 1400 international participants =~ "\ e
+ 500 internatiofal scientists aﬁendeﬁm sym'M r




FAIR The Big Challenge ...

GSl| today Future facility
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FAIR The Big Challenge ...

Gain Factors

Future facility

« Beam intensities by factors of 100 - 10000
« Beam energies by a factor 20

» Production of antimatter beams

« Factor 10000 in beam brilliance via cooling
« Efficient parallel operation of programs

B — 7
.-,':;‘._- o

Construction Period, Cost, Users

» Construction in three phases until 2016
» Total cost 1.2 B€
 Scientific users: 2500 - 3000 per year

Financing

» 65 % Federal Government of Germany

* 10 % State of Hessen

« 25 % Partner Countries

- FAIR GmbH with International Shareholders

Horst Stocker, EPAC 2008
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50 German Universities
& Research Centres

National and Intern‘atio:nal Coopegr::iltion | F-\IR

f .In total more than 150 research institutions
from over 35 countries
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FAIR Research Topics and Inter-links L d / - F_\I R
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big bang,
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sun,
fusion
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supernova
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FAIR Research Topics and Inter-links F_\I R

sun,
fusion

strongly correlated
many-body systems

highly ionized matter,
condensates

@' HELMHOLTZ

| GEMEINSCHAFT




FAIR Research Topics and Inter-links

highly ionized matter,
condensates
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FAIR Research Topics and Inter-links




CBM @ FAIR:
QCD phases at High Density pg

Tenfold Compression! Crossing that 1. Order Transition!
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The CBM experiment F'\I R
%S = - S v

» tracking, momentum determination, vertex reconstruction: radiation hard
silicon pixel/strip detectors (STS) in a magnetic dipole field

+ electron ID: RICH & TRD (& ECAL) — = suppression = 10* ECAL
« hadron ID: TOF (& RICH) T
* photons, n% p: ECAL

« high speed DA Q and trigger

STS
TRDs
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FAIR QCD-Physics Program with Antiprotons l .\lR

strange and hidden and open glueballs (ggg)
charmed (anti-) charm in nuclei hybrids (ccg)
baryons in —
nuclear field
P fundamental
- universal detector Sy.l:l‘lmet ries s
Jhp spectroscopy A = pin traps
confinement, in- ml:fmg el
FLAIR

medium effects \\i:i
g P

HESR consortium PANDA
Julich / Uppsala / Stockholm / GSI

\

CP-violation
(D/A - sector)

inverted deeply virtual spin structure of the proton:
- Compton scattering

polarized-antipretensiin PAX. —




Physics of Fast
Ignition (another
way to clean
energy production)

Cofinement " |
Fusion

Temperature [eV]

Equation of state
of planetary and
stellar matter

lhlpﬂpr
solid state
densit
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Applied Research

Radiobiology for space research and

FAIR

carbon ion tumor therapy
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Cosmic particle spectrum
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Risk cross sections

Approaches for risk estimates:
« Cytogenetics

 Cell transformation

» Tissue effects
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Synthesis and study of the heaviest elements F -\lR

NUSTAR @ UNILAC

CEN
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Synthesis of the elements 107-112

Chemistry of the elements 107, 108, (112)
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Mass spectrometry at the storage ring (ILIMg)vin
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20

Mass determination of more
than 1100 nuclei

i 8 Mass accuracy:
P 20 SMS ~ 30 keV/c2

8 IMS ~ 100 keV/c2
Results:

~ 350 new mass values
~ 300 improved mass values
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R-Process Nuclei - to be measured at FAIR F _\I R

[l stable nuclei
B nuclides with known masses

B to be measured with FAIR facility
[ ] observed nuclei

B
>

proton number
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R-Process Nuclei - to be measured at FAIR F -\

[l stable nuclei

B nuclides with known masses

B to be measured with FAIR facility
[ ] observed nuclei

Ultimate sensitivity: one single ion
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.
Examples of measured time-frequency traces FA' R
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142Promethium: zoom on the first 33 s after injgciio
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142Promethium: zoom on the first 33 s after injgciio
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Scattering stored beams off hadronic probes

b

* Inverse kinematics

* Thin gas target (~107°/cm>?)

+ Kinematically complete measurement
— Elastic scattering (p,p) ...

|

=X J

\

J/Gas j'e/t .

- Exci
viar

SM4

FAIR

tation energy and form factors
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|l momentum transfer

Feasibility study (p,p) with
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Antiprotonic reactions AIC + exotic Atoms exo F-\lR

trackin ~
detector ™ RI
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- 0 s ' ada,
A A-1

Y.Yamazaki

AlC: . e
at high energy the annihilation cross- @ f\v\—— ﬁ —/ \
section becomes proportional to the " | "N
mean square radius

exo+pbar:

antiprotonic X rays and pions provide
iInformation on the nuclear periphery

=>» Matter and neutron-proton distribution
at the nuclear surface
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FAIR Research Highlights
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Accelerator Physics & Gym:
Eight Rings & two Linacs

FAIR Research Highlights

SIS 100/300

100 m

/ !

@' HELMHOLTZ =

[
I == | GEMEINSCHAFT

Horst Stocker, EPAC 2008




ruin
Accelerator Physics & Gym:
Eight Rings & two Linacs

SIS 100/300 //

> QCD-Phase Diagram: CBM
Hl beams 2 to 45 AGeV: 400 users

FAIR Research Highlights ‘
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Accelerator Physics & Gym:
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>~ QCD-Phase Diagram: CBM
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FAIR Research Highlights ‘
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Accelerator Physics & Gym:
Eight Rings & two Linacs

SIS 100/300 //

>~ QCD-Phase Diagram: CBM
.. HIl beams 2 to 45 AGeV; 400 users

» 100 m
E.B_M Rare-Isotope

Production Target ' ‘

Super y
FRS |

Antiproton
Production Target

Nuclear Astrophys. NUSTAR

FAIR Research Highlights ‘

Rl beam- fragmentation; 600 users

FLAIR

Fundamental Symmetries
Ultra-High EM Fields
SPARC; FLAIR

Antiprotons, Hi-Z ions; 250 users
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Accelerator Physics & Gym:
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>~ QCD-Phase Diagram: CBM
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FAIR Research Highlights ‘
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Warm Dense Plasmas
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Accelerator Physics & Gym:
Eight Rings & two Linacs
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>~ QCD-Phase Diagram: CBM
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FAIR Research Highlights ‘

Super y
FRS |
Antiproton

Production Target

Nuclear Astrophys. NUSTAR

Cooled antiprotons < 15 Ge_}«/, 500 users
' Rl beam- fragmentation; 600 users

Warm Dense Plasmas
bunchcompression ngawatt- Laser;
250 users f

FLAIR

Fundamental Symmetries
Ultra-High EM Fields

Materials Science, \ SPARC: FLAIR
Space- and Radiation Biology Antiprotons, Hi-Z ions; 250 users
(lon- & antiproton- beams; 350 users |
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Experiment Requirements (exemplarily ) F'\'R
VR o MY e ] Bl

NUSTAR: 2 x 10"/pulse U4+ @ 200 MeV/u
bunch compression to 70 ns
highest gain factors for exotic nuclear beams

« CBM: Heavy-ion beam intensities of 1019 particles/s
@ 34 GeV/u for U73*

« PANDA:. pbarinwide momentum range (1.5- 15 GeV/c)
High luminosity and high momentum resolution

 FLAIR: Cooled antiprotons in the 20 keV range
« SPARC: Cooled and high brilliance beams of rare isotopes

 Plasma Physics:
High intensity beams
bunch compression to 70 ns

Horst Stocker, EPAC 2008



Ultimate Realization of FAIR F'\IR

% SIS 100/300
4 : k\@l
,'-..._____l‘.INILAC L
: AN . b ‘.‘H‘, | e "" =3
y. & H‘f";« Radioactive lon
Ry @ ; 7 Production Target ||,
'5 f& ' o /;P? v T
Existing facility: provides ;; / HESR ‘
ion-beam source and injector for FAIR | 4 [ B
Anti-Proton
Production Target
100 m




Ultimate Realization of FAIR F'\IR
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New future facility: provides ion and anti-matter
beams of highest intensities and up to high energies




Ultimate Realization of FAIR F'\IR

/ SIS 100/300
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Accelerator Components & Key CharacteristicK

Ring/Device Beam Energy Intensity

Anti-Proton
Production Target

SI1S100 (100Tm) protons 30 GeV 4x1018
2380 1 GeV/u 5x10"
(intensity factor 100 over present)

SIS300 (300Tm) AUAr 45 GeV/u 2x10°
238y 34 GeVlu 2x10'0
CR/RESR/NESR ion and antiproton storage and
experiment rings
HESR antiprotons 14 GeV ~10M

Super-FRS rare isotope beams 1 GeV/u <10°




Schedule - Accelerators

FAIR

Startversion

Year

Super FRS
p-bar target
p-Linac
S18100
CR

NESR
RESR
HESR

Phase B

SIS300
ER

2016
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FAIR Accelerator Challenges F'\lR
WL A AP AN R T A AR = S S

1. Beam Intensity Frontier:
Highest intensities for energetic heavy ion beams
= 100-1000 times higher primary beam intensities than presently

2. Beam Brightness Frontier:

Highest phase space densities
— Compressed and intense primary beams
— Cooled radioactive ions and antiprotons

Related Technical Challenges:

~control of intense, medium charge state heavy ion beams:
<-dynamic vacuum, space charge effects, collective instabilities

~beam cooling at high energies: electron and stochastic cooling

»fast ramping superconducting magnets

»compact rf cavities

Horst Stocker, EPAC 2008



Present SIS 18 Performance
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Required SIS 18 Performance FAIR
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SIS 18 Upgrade Project F.\lR

Control of the Dynamic Vacuum Pressure

Combined pumping/collimation ports

behind every dipole group Beam loss mechanisms:

U28+ _> U29* (stripping)
U73* > U72* (capture)

Coulomb-Scattering

!

Projectile-lonization
or B decay “Desorption

Goals:

- increase pumping speed
- localize beam loss

- minimize desorption

NEG coated vacuum chambers
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SIS 100
Hiﬂh Intensitx- and Comﬁressor Staﬂe F-\I R

Intermediate charge state ions e.g. U28+-ions up to 2.7 GeV/u
Protons up to 29 GeV

* fast-ramped superconducting magnets and
 strong bunch compression system

Bp=100Tm B, ,,=19T dB/dt=4T/s (curved)

& 685 mm

—_— -
—

|~ VACUUM SHELL

_NITROGEN SHIELD
~— T=80K

COLD IRON
T=4.5K

— SUPERCONDUCTING
COIL

LIQUID HELIUM
"~ INLET

T HELIUM OUTLET
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Superconducting Magnet R&D (SIS100)

sz ¢ Nichrome wrap (a
( ¢=>) BABCOCK NOELL fﬁ P @)

% | NbTiwire (b)
H cuNitube (c)

7 | Kapton tape

glass-fiber tape (d)

*nl
e

Low loss sc magnet. Losses dominated by eddy currents < 30 W/m. Two-phase LHe cooling (4K).

Prototype production at JINR Dubna, BINP Novosibirsk, and BNG Wiirzburg

o @' HELMHOLTZ -
I == | GEMEINSCHAFT
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SIS 100 Dipole Magnets F_\IR
Full Size Modl from Babcock Noell GmbH _.
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SIS 300 High Energy- and Stretcher Stage F'\IR
WS A AP N R T S S s S

Highly charges ions e.g. U??*-jons up to 34 GeV/u
Intermediate charge state ions U%%*- jons at 1.5 to 2.7 GeV/u with

100% duty cycle

 superconducting high-field magnets and
* stretcher function

Bp=300 Tm B,.,=45T dB/dt=1 T/s (curved)

@' HELMHOLTZ =

Horst Stocker, EPAC 2008




Superconducting Magnet R&D (SIS300) FAIR
S AN L SR TR Y A == S

BROOKARUEN 515300 dipole (INFN)

i
i zéii{: :

1]

First cycling sc cos® magnet:
GSI001 by BNL (2003)

mmn

_ 2 aopn ameny Foreue
l II' : Model under construction P dmalis /")
Ah B = _ Superconduttori

Horst Stécker, EPAC 2008 L_/ di isica Nuclors




Large Aperture Superferric Magnets F'\IR

Development of large aperture (up to
380 mm) bending magnets (warm iron,
sc coil) in China

LN f) IMP Lanzhou
Fr 29, IPP Hefel
6‘0 _ J) |IEE Beijing

Chinese Academy of Science

The assembly of die

Horst Stocker, EPAC 2008




Beam Cooling for Precision Beams F'\IR

electron cooling at high energies (HESR) Cooler Parameters (NESR)
energy 2 -430 keV
oy, max. current 2 A
o "o, beam radius 2.9-14 mm
’ & 1 Dipole magnet @ 4 *
J ? : g:m?oﬁglfn?;g;el E; mag netIC f|8|d
"PSALA E SSUIT::??; skew quad E
Llrtllt,.;[_ﬁEETET Forschungszentrum Jilich z ok for Gk sclwiok : St M to0.4T
in der Helmholtz-Gemeinschaft = Injection equipment e, COO' Sect up to 02 T
% I straightness 2x10-°
"”*«% ! vacuum = 10" mbar
g
Pelletron #
Electron energy s
4 -8 MeV
direction of ‘
antiprotons ‘g“-

o @' HELMHOLTZ -
I == | GEMEINSCHAFT

Horst Stocker, EPAC 2008



Ts-2

TS-3

TS4

TS5

TS-7

TS-8

TS-9

TS-10

TS-11

TS-12

TS-14

Magnets

Power Converter
RF-System
InjiExtraction
Diagnostics
Vacuum

Part. Sources
ECOOL

St. Cooling
Special inst.
Local Cryo

Common System

Accelerator Work Package Matrix

FAIR

WBS 2.3 24 245 26 27 28 29 210 2.4 212 213 2.14 3.0
HEBT Supere FRS CR NESR p-lianc SIS100  pbar-target RESR HESR 515300 ER Com. Sys] Civ. Cons!
Eend Bend Bend Bend Eend Eend Bend Bend Bend BEend Eend
Ciuad Quad Quad Quad Quad Quad Ciuad Ciuad Quad Quad Quad

Sextupales [Sextupoles | Sextupole Sextupole Sextupoleghultipoles | Sextupole
Other Cther Cther Cther Other Cther Other Other Other
Fower CoryPower CordFPower Congower Convieower ConvE ower ConvPower ComePower Conviower Conve'ower Convg ower Converter
RF RF RF RF RF RF RF RF
Inj/Exdr. Inj/Extr. Inj/Extr. Inj/Extr Inj/Extr. InjiExtr. InjExtr.
Diagnostigs Diagnostics Diagnostige Diagnostics Diagnostice Diagnostigs Diagnostics Diagnostick Diagnosticg Diagnastick Diagnostick
Vacuum | Wacuum | Vacuum | Vacuum | Vacuum | Vacuum | Vacuum [ Vacuum | Vacoum | Wacuum | Vacuum
E/R Linac
ECOOL ECOOL
St Coal St Coal St Cool
Special Special Special Special Special
Local Cryg Local Cryg Local Cry Local Cry Local Cry Refrigeratd

Maonet

Controls/interfaces

Ciuench Detection



Expression of Interests | F'\IR
i

_ 13 GSI (wio Source)
2.7 16 DST India (all)

additionally to 13/ 16:
8ITEP

not: 13 GSI
orally: France

Double offer for nearly whole system

o ff; HELMHOLTZ
I == | GEMEINSCHAFT

Horst Stocker, EPAC 2008
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e My oo

Double offer for nearly whole system

Inj ection/E jection
26.5

5 Budker ; 11 CIEMAT
5 Budker / 11 CIEMAT

11 CIEMAT

11 ClEmMAT Interfaces by gg;

5 Budker

Interfaces by Gsi
about 109 of value

5 Budker; 1
Ci
21 Soltan (?) AT

5 Bl.l{.ﬂier

Horst Stocker, EPAC 2008

FAIR
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10 Julich
10 Jiilich
10 Julich

10 Julich

10 Julich

10 Jiilich

10 Jilich

10 Julich

10 Julich
21 Soltan (?)

' Electron Cooling
Double offer for nearly whole sys 2119

17 Sweden (+ consortium ?)

10 Julich — J ‘: HELMHOLTZ
I _ 8 ITEP (RF components) 5= N | GEMEINSCHAFT

Horst Stocker, EPAC 2008




consortium)

9 JINR (with
y113 GS!

12 VNIINM (wires
5 JINR (with consortium)

5 JINR (with consortium)

3 JINR (with consortium)

13 GSl C

(Interfaces)

13 GSI, partly
o JINR (with consortium)

cons.); with

9 JINR (with
GSl (partly)

g ITEP (partly) | 13

7 CUT /9 JINR (with cons.)
jaGsiiisicsti soltan (?)

1

Horst Stocker, EPAC 2008
9 JINR (with consortium)




L

' Electron Cooling
Double offer for nearly whole sys 2119

1

Horst Stocker, EPAC 2008

Sextupoles
21223

other
212 2.45/67

I

Power Supplies
2123

l

RF Systems
2124

l

Injection/Ejection
2125

I

Beam Diagnostics
2.12.6

I

Vacuum
ZA2.7

Cryogenics

FAR

19 Haly, so far R&D only
12 VNIINM wires)

3 IHEP / 12 VNIINM (wires)
12 VNIINM [wires)

12 VNIINM (wires)

4 Finland
8 ITEP (partly)
21 Soltan (?7) 7 Cracow UT
<50 %




Overview on In-Kind Contributions F'“R

Comparison Cost - Eol Value (Startversion)

120—‘/’/
100 ="
an _/\
BEEa 1 O Cost
60 BEOI-Value
404
20 - = I ‘
CE & 0 o e W Y Eol-Value
oT L % o o T W Coct
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T 0
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Overview on In-Kind Contributions F'\lR

Comparison Cost - Eol Value (Startversion)

g O Cost
BEECI-Yalue

¥ 7 EOl-Value
/ Cost

p-Bar TARGET Iy
SIS300
ER

Common Systems [

- @'HELMHDLTZ =

I == | GEMEINSCHAFT

Horst Stocker, EPAC 2008




FAIR related oral and poster presentations F'“R

$I5100/300 S
sIs18 P. Spiller, MOPC100 (poster)
) J. Stadlmann, MOPC124 (poster
P.Spiller, C. Omet, MOPCQO99 (poster) P Schnizer WEPDO21 (p(c[:s‘rer) )
/ 6. Franchetti, THYMO2 (oral contr.)
4 - R. Hasse, TUPPO38 (poster)
Y e % S. Paret, THPC101 (poster)
L h el N
20N e A
e £ r A . 4 '-f";""}’ Radioactive lon
e £ v ' P Production Target ° |*
W 4 o, / l
y / Super

FRS

Anti-Proton
Production Target

FLAIR 100 m

Storage Rings

M. Steck, TUOBMOL1 (oral)

F. Nolden, THPPO51 (poster)

A. Dolinskii, THPCO11 (poster)
K. Rathsman, THPPO52 (poster)
B. Lorenz, MOPC112 (poster)

o Kg HELMHOLTZ
5= | GEMEINSCHAFT -

Horst Stocker, EPAC 2008




Indlia Italy




