Highly charged ions at rest —
The HITRAP project at GSI
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The HITRAP Project
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EXPERIMENTS WITH HIGHLY CHARGED IONS AT o2+

EXTREMELY LOW ENERGIES:
e collisions at very low velocities ultra-accurate

e surface studies and hollow-atom spectroscopy
e laser and x-ray spectroscopy
e g-factor measurements (tests of QED)

e mass measurements electron cooling
G" and deceleration



Precision experiments on HCI

Test of quantum electrodynamics in extreme
fields

 g-factor of the bound electron

» Electron correlations and relativistic effects

Determination of fundamental constants
» Mass of the electron
e Future: fine-structure constant a
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= Laser-and X-ray spectroscopy,
m reaction and surface studies with HCI

Laser spectroscopy of H-like ions:
e Nuclear properties (Bohr-Weisskopf effect)

e Atomic and nuclear polarization by optical

pumping

X-ray spectroscopy with HCI:
e Precision measurements of binding energies

e Isotope shift: nuclear charge radii

Reaction microscope:

e Studies of reaction kinematics of slow HCI

Interaction of slow HCI up to U%2* with surfaces:

self image

e Strongly inverted systems (‘hollow atoms’) acceleration



m Overview




B -  —
Operational Parameters: Experiment:
Precision
¢ Highly charged ions with M/q <3 trap

e Beam intensity: some 103 ions/pulse for U%2*

eRepetition time: 10 s

Other experimental set-ups
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Bl IH Structure
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Univ. Frankfurt (U. Ratzinger)

e lon optical simulations
finished

e Tank being designed




RFQ - structure

0.5 MeV/u - 6 keV/u
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Univ. Frankfurt (A. Schempp)
e Calculations done
e Design in the last stage
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il  The Low Energy Beam Line & Trap
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6 keV/u — Rest (4 K)
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e lon optical simulations

e Trap magnet :
specifications defined £ st

10000 |-

5000 H

4000 H

2000

0 :

0 a0 100 150 200 250 300 350 400 450
o length {mm)




G. Zwicknagel et al.
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Electron Cooling of HCI
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e Large variation of cooling times with «, fastest cooling for B =0



B=6T

G. Zwicknagel et al.

number of ions
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Electron Cooling of HCI
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G. Zwicknagel et al.
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Electron Cooling of HCI

Open questions

e (Cooling faster than recombination?

e Radiative recombination rate vrp

e (U2 1 2)1/2
depends on v, = (V= + v2)"/

.
VRR X — ~

Ne

N /2
v, zj

» Recombination has to be calculated

simultaneously with V(t), 7.(¢)

e lon energy is transfered anisotropic to v, |,

e Isotropization rate v,

® [nstantaneous, isotropic thermalization?
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Resistive cooling
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Resistive cooling of the axial
motion of an ion cloud (30 12C>*)

H. Haffner et al., Eur. Phys. J. D 22, 163 (2003)
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HITRAP @ FLAIR
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HITRAP @ FLAIR
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S * Technical proposal for FLAIR and SPARC submitted
« PAC meeting ongoing
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meline

HITRAP EU RTD Network
HITRAP proposal
HITRAP workshop
— positive scientific rating, however, Technical Design Report requested
Technical Design Report
— with detailed financial plan
Technical Design Report rated positively

evaluation of HITRAP within the HGF program 'Large-Scale
Facilities for Photons, Neutrons and lons (PNI)'

— excellent ratings

Recommendation of the HGF Senate includes HITRAP for
additional funding.

Start of construction.
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