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 Introduction:
primary / secondary beam
ISOL method, 
in-Flight fragment separators

 Secondary beams at FAIR:
Radioactive Isotope Beams: SuperFRS
Antiprotons: Target, Magnetic Horn and pbar Separator
Target handling, Radiation Protection

 “Ternary” Beams:
Muon Beams
Neutrino Beams (CNGS, NuMi...)
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Primary / Secondary Beams
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Primary / Secondary Beams (ISOL)
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Primary / Secondary Beams: In-Flight
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In-Flight / ISOL Facilities
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KRK 18 046999

Alexander Gottberg, IPAC 2018
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Production Mechanism

Spallation (ISOL only):
few nucleons lighter than target 

Projectile fragmentation:

neutron deficient (evaporation of neutrons after collision)

Projectile fission:

neutron rich (N/Z similar heavy projectile)
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ISOLDE (CERN)
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T. Stora, FAIR-CERN meeting, 2007
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Alexander Gottberg, IPAC 2018
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ISOLDE (CERN)
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T. Stora, FAIR-GSI meeting 2007
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Fragment Separators (in-Flight)
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B·ρ = p/(q·e) ≈ (2E·m)1/2/(q·e)

1st part: m/q or A/q selection, charge states ≠ q lost

no isobaric selection (E similar for isobars)!

Degrader: dE/dx depends on projectile’s Z.

2nd part: E selection, i.e. Z selection. (A/q’ is the same for isobars)

charge states ≠ q’ lost
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Lifetime and Mass Measurements of

stored exotic nuclei @ FRS
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Lifetime and Mass Measurements of

stored exotic nuclei @ FRS
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The Super Fragment Separator
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SuperFRS @ FAIR

• 3 x1011/s; 1.5-2 GeV/u; 238U28+

• Factor > 100

over present in intensity (space charge!)

• Broad range of 

radioactive beams up to 1.5 - 2 GeV/u; 

up to factor 1 000 - 10 000 in 

intensity over present (acceptance) 

Primary Beams

Rare Isotope Beams

FRS



FAIR GmbH | GSI GmbH

 5 8

 6 5 r-process
path

rp-process
path

20

28

50

82

8

8

20

28

50

82

126

masses measured at the 
FRS-ESR

stable nuclei

nuclides with 
known masses

Will be measured with 
SUPER-FRS-CR-NESR

Walker, Litvinov and Geissel, Int. J. Mass Spec. 349-350 (2013) 247

Phase 1 Physics with Super-FRS and rings: 
Potential for new masses, lifetimes & isomers with ILIMA
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SuperFRS at FAIR

Target chamber

Target with

shielding Prototype
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SuperFRS at FAIR
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Target Handling
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Superconducting Multiplets

• iron dominated, cold iron (≈40 tons)

• common helium bath, LHe ≈ 1.300 l

• warm beam pipe (38 cm inner diameter)

• per magnet 1 pair of current leads

• max. current <300A for all magnets

• 25 long multiplets (mainly MS) 

• 8 short multiplets (PS)

• Quadrupol triplet / QS configuration

• up to 3 sextupoles and 1 steerer

• Octupole coils in short quadrupoles
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Antiprotons at FAIR
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Motivation for the large pbar Sources:
p–pbar Collider (SPS, Tevatron)

24

E
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Motivation for the large pbar Sources:
p–pbar Collider (SPS, Tevatron)

Detection of W and Z boson at CERN: 
Nobel Prize 1984 to Carlo Rubbia (right) and Simon 

van der Meer (left).

Detection of the top quark at Fermilab (1995)
Nobel Prize 2008 to Makoto Kobayashi (left) and 

Toshihide Maskawa (right) for its prediction.
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FAIR / CERN / FNAL pbar Sources

FAIR CERN (AC+AA) FNAL

E(p), E(pbar) 29 GeV, 3 GeV 25 GeV, 2.7 GeV 120 GeV, 8 GeV

acceptance 240 p mm mrad 200 p mm mrad  30 p mm mrad

protons / pulse 2 × 1013 1 - 2 × 1013 ≥ 5 × 1012

pulse length single bunch (50 ns) 5 bunches in 400 ns single bunch 1.6 µs

cycle time 10 s 4.8 s 1.5 s
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m = E / c²

mp =  mpbar  1 GeV / c²

p, > 6 GeV p at rest
p

p

p

pbar

m = E / c²

Tpbar > 6 GeV

c.m.

lab

Creation of Antiprotons
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Collectible pbars

ppbar = 3.82 GeV/c ± 3%

From ~ 2.5 × 10-4 pbar / (p cm target) ~ 5 × 10-6 (or 2 %) are "collectible"

z / cm

y
 /

 c
m

Ep = 29 GeV

Emax SIS 100

acceptance separator/CR

CR max. 13 Tm

magnetic horn

0 < ppbar < 80 mrad
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MARS Simulation of the pbar Yields
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reaction 

products

B  1/r

primary beam does not hit the horn

Collecting pbars: Magnetic Horn
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CERN ACOL Horn, I = 400 kA

target beam axis magnetic field area

Collecting pbars: Magnetic Horn
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Collectible pbars
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Collectible pbars: Self Absorption

Cu:     spbar = 0.8 b

p
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Collectible pbars: MARS/FLUKA

Cu:     spbar = 0.8 b

p
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Collectible pbars: MARS

Cu:     spbar = 0.8 b
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Cu:     spbar = 8.8 b

p

pbar

C:      spbar = 0.42 b

Collectible pbars: Graphite Surrounding 
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pbar Yield: 

Collection efficiency of the magnetic horn
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pbar Yield: Comparison to CERN Data

To injection orbit of collector ring:

pbar/p = 2×10-5 × 0.8 × 0.7 = 1.1×10-5

Exp. data from CERN (Baird 1998) to injection orbit:

pbar/p = 0.45×10-5 × 1.5 = 0.7×10-5

scattering losses/annihilation in air/aluminum losses in separator / during injection

correction for different energies and emmitances
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pbar Target and Magnetic Horn

Ni rod, 110 mm, d = 3 mm

graphite

air-cooled AL block
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The pbar separator

29 GeV p from SIS 100

target &

collector

pbar separator
240 p mm mrad

p = 3.82 GeV/c

Dp/p = ±3%

Collector Ring

Stochastic cooling:

Dp/p = ± 3 % → ± 0.1 %

Accumulation in next ring



FAIR GmbH | GSI GmbH

Dose rates during operation



FAIR GmbH | GSI GmbH

The pbar building

target

dump
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Target station and transport container

• Transport container is placed in 

front of target station.

• Door of target station and

transport container are opened.

• Component is gripped by a 

quick coupling system.

• Trolley moves the component

via rail system into the transport

container.

• Doors are closed.

Trolley

Coupling

system

Rail system

Front door (for

intervention only)

Inner door
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Overview of transport
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2

3
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„Ternary“ Beams: e.g. CNGS
CERN neutrinos to Gran Sasso

50

732 km
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„Ternary“ Beams: e.g. CNGS
CERN neutrinos to Gran Sasso
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Thank you for your attention!


