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Precision
trap

Re-injection channel

MAX-
EBIS

5.6 m above floor level

Low energy beam
transportIH-structure

RFQDouble-drift-buncher

cooler-
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HITRAP overview in the re-injection channel at ESR

from ESR: 4 MeV/u      → 0.5 MeV/u  → 6 keV/u

Operational Parameters:
• Deceleration from 4 MeV/u to keV/u
• HCI with M/q ≤ 3
• Beam intensity: some  105 ions/pulse for U92+

• Repetition time: 10 s 

Operational Parameters:
• Deceleration from 4 MeV/u to keV/u
• HCI with M/q ≤ 3
• Beam intensity: some  105 ions/pulse for U92+

• Repetition time: 10 s 

Other experimental setups
(beam line height: 1.25 m)
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HITRAP at the GSI Accelerator Facility
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HITRAP in the FLAIR building
Facility for Low-energy Antiproton and Ion Research

FLAIR

NESR
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FLAIR
Building
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4 MeV/u      → 0.5 MeV/u  → 6 keV/u

Other experimental setups,
second floor

IH-structure RFQDouble-drift-buncher cooler trap

Precision trap

HCI from NESR,
antiprotons from LSR

To exp. areas
ground floor

The HITRAP Facility in the FLAIR Building
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ee--ee--

UU92+92+

Cooler trap:
Cylindrical trap electrodes
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Cooler trap:
Superconducting magnet with 1.5 W@4K 
cryocooler, cylindrical trap electrodes
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stripper target
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LSR

electron cooling
and deceleration

down to few MeV/u

SIS 100

cooler
Penning

trap

experiments with
particles at rest or

at low energies

post-
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EXPERIMENTS WITH HIGHLY CHARGED IONS AT 
EXTREMELY LOW ENERGIES:

• stable and radioactive isotopes
• mass measurements with radionuclides
• new possibilities

- calibration of hyperfine fields in simple systems
- calibration of ∆|ψ(0)|2 for isotope shift measurements
- polarization of radionuclides
- decay spectroscopy of highly charged radionuclides

EXPERIMENTS WITH HIGHLY CHARGED IONS AT 
EXTREMELY LOW ENERGIES:

• stable and radioactive isotopes
• mass measurements with radionuclides
• new possibilities

- calibration of hyperfine fields in simple systems
- calibration of ∆|ψ(0)|2 for isotope shift measurements
- polarization of radionuclides
- decay spectroscopy of highly charged radionuclides

CR

SPARC:
HITRAP for Stable and Radioactive Highly Charged Ions

SFRS
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HITRAP IH – Linac
deceleration from 

4 MeV/u to 500 keV/u

HITRAP RFQ
deceleration from

500 keV/u to 6 keV/u

LSR
energy range 

15 MeV/u - 300 keV/u

NESR
~  107 U92+ ions every few 10 s

low-energy cave 
AP 

HITRAP
cooler trap

HITRAP
experiments

4 MeV/u 15 MeV/u 4 - 130 MeV/u

HITRAP: possible deceleration schemes 
for HCI at NESR/FLAIR
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exp. area:
from NESR: 
av. int. 107/s;
from LSR:
av. int. 105/s 
to 106/s;

pbar experimental areas: E = 5 MeV to 5 keV

HITRAP: deceleration from 4 MeV
to rest, av. intensity: 1x106/s

LSR: deceleration from 30 to 0.3 MeV

SIS 100: acceleration of 2.8 × 1013 protons, E = 29 GeV

Antiproton target: production of 1.0 × 108 pbars/ 5 s, E = 3 GeV

Collector ring CR: fast stochastic cooling in 5 s, N = 108/cycle

RESR: accumulation of pbars, N = 108 – 1011

FLAIR: Antiproton FLAIR: Antiproton IntensitiesIntensities

USR: deceleration from 300 to
20 keV, av. intensities:
• Reff = 1x1012/s at 300 keV
• Rextr = 1x106 /s at 300 keV
• Reff = 1x1010/s at  20 keV
• Rextr = 5x105 /s at  20 keV

NESR: electron cooling, deceleration from 3 GeV to 30 MeV

FLAIR
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Laslett Tune Shift = -0.05

1,E+05

1,E+07

1,E+09

1,E+11

1,E+13

1,E-01 1,E+00 1,E+01 1,E+02 1,E+03 1,E+04
Kinetic Energy [MeV]
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m
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168 pi

Space Charge Limits in Rings

(by B. Franzke)

extraction of 108

pbars from LSR to 
HITRAP at 4 MeV
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• NESR:
– Pbar & Ions

• LSR:
– Magnetic ring
– Emin = 300 keV

• USR:
– Electrostatic ring
– Emin = 20 keV

• Atomic phys. cave:
– ions

• HITRAP:
– Pbar and ions
– extracted at 5 keV

FLAIR -
Facility for Low-energy Antiproton and Ion Research 

Factor 100 more pbar trapped or 
stopped in gas targets than now

FLAIR
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HITRAP at FLAIR –
a high-intensity source of low-energy antiprotons

Physics Topics with Antiprotons:
• Spectroscopy for tests of CPT and QED

– Antiprotonic atoms (pbar-He, pbar-p), antihydrogen

• Gravitation of antimatter
– Trapped and laser-cooled antihydrogen

• Atomic collisions
– Ionization, energy loss, antimatter-matter collisions

• Antiprotons as hadronic probes
– X-rays of light antiprotonic atoms: low-energy QCD
– X-rays of neutron-rich nuclei: nuclear structure (halo)
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HITRAP Collaborators and EU RTD-Network

Experiments:
R. Morgenstern, Groningen
J.-P. Grandin, Caen
J. Ullrich, Heidelberg
A. Warczak, Kraków
G. Werth, K. Blaum, Mainz

R. Schuch, Stockholm
R. Thompson, London
J. Burgdörfer, Wien
GSI-AP Division

HITRAP-Facility:
Univ. Frankfurt (U. Ratzinger, A. Schempp)
Univ. Mainz (K. Blaum, J. Walz)
GSI


