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FAIR Injector Linacs
L. Groening, GSI Darmstadt
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2.2 keV/u 120 keV/u

1.4 MeV/u 11.4 MeV/u

≈ 115 m

Universal Linear Accelerator UNILAC

post-stripper is in operation since more than 40 years. 
Its age causes increase of down time
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Future Requirements to UNILAC

ion A/q ≤ 8.5, i.e.  238U28+

beam current (pulse) * A/q 1.76 (0.5% duty cycle) mA
input beam energy 2.2 keV/u
output beam energy 3.0 - 11.7 MeV/u
normalized total output emittance, horizontal / vertical 0.8 / 2.5 mm mrad
beam pulse duration  1000 µs
beam repetition rate  10 Hz
operating frequency 36.136 / 108.408 MHz
length  115 m

design parameters after post-stripper replacement

• main task of UNILAC is to serve as injector for FAIR

• all ions with A>1 will pass the UNILAC`s post-stripper DTL

• fundamental concept for beam delivery to FAIR: very few pulses at very high intensity

• these few shots must be of best achievable quality
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Typical Beam Time Schedule at GSI

June 2016

• C, Au, and Xe provided in pulse-to-pulse switching mode

• up to eight experiments conducted in parallel
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User Rate
[Hz] Ions

Pulse
length
[ms]

Intensity Energy
[MeV/u] Comments

FAIR ≤ 2.7 p – U* 0.1 very high 11.4
FAIR requirements limit parallel operation for other
users with existing post-stripper

super heavy 
elements

50 O – U* 5-cw high 4-6**
experiments require continuous energy variation
long beamtimes

nuclear 
spectroscopy

10-50 C – U* 0.1-5 high 3-7

materials
research

10-50 C - U 1-5
low –
high

3-11 frequent changes of energy, intensity, exp. area

biophysics 1-50 p - U 0.1-5
very low

–
medium

3-11
flexible rep. rate + pulse length needed
multiple short beamtimes

plasma 
physics

1-5 C - Ar 0.1 medium 1-4 multiple short beamtimes

*: require rare isotopes or specific ions
**: precise energy matching (keV/u), low ∆p/p

Users and Operation Modes:
(inquired during dedicated workshop in Aug 2016)
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Refurbishment

IH (KONUS)

IH (Synchronous)

new
Alvarez

U. Ratzinger et al.

H. Podlech et al.

Aged post-Stripper DTL:
Options
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On-Site Expertise at GSI

Alvarez IH (KONUS)

• GSI physicists & engineers simulated, designed, procured, copper-plated, tuned, and
commissioned both types of DTLs

• staff operates both types at same machine simultaneously since 16/26 (HSI/HLI) years

• mechanicians maintain both types of DTLs



KHuK Jahrestreffen 2016,  FAIR Injector Linacs / L. Groening, GSI/Darmstadt 8

options were benchmarked to each other w.r.t.:

• performance for different beam scenarios

• cost

• operational flexibility

• feasibility w.r.t. construction

• operational risks (surf. fields, instrumentation, ...)

• spare parts

• R&D efforts

• ...

• results summarized in a table of 34 items

• the criteria & rules have been set by GSI 
..directorate and commonly agreed by those
..placing a proposal

...

...

Post-Stripper DTL Options:
Overall Benchmarking
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• cost estimates based on:

• component lists

• functional specifications

• budgetary offers

• detailed procedure described in a 
report of 42 pages

• estimates done for all four options by

• technical departments of GSI

• same persons

Post-Stripper DTL Options:
Cost Benchmarking
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New Alvarez IH (KONUS) IH (Synchronous) Refurbished DTL
[k€] [k€] [k€] [k€]

Total 28.424 18.306 40.300 25.875

DTL 27.616 13.429 36.015 25.175
Transfer line 108 4.177 3.585 -

Cavities 15.135 3.835 7.980 15.135
Rf-systems 10.040 9.400 24.450 10.040
Magnets 120 1.440 2.055 -
Power converters 1.290 1.980 3.540 -
Instrumentation 126 218 306 -
Vacuum 388 264 460 -
Alignment 88 80 172 -
Infrastructure 537 389 637 -

Tunnel
(Ventilation,
Cooling, etc)

700 700 700 700

Post-Stripper DTL Options:
Cost Benchmarking
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Scenario Input Output

I [mA] βγεx,rms [µm] βγεy,rms [µm] ε|| [MeV/u deg] Efin [MeV/u]

FAIR nominal 16.5 0.175 0.175 0.07 11.4

low current 0 0.175 0.175 0.07 11.4

low energy & 
current

0 0.175 0.175 0.07 3.3(Alv) / 3.9(IH)

doubled long. 
input emit.

16.5 0.175 0.175 0.14 11.4

half long. input
emit.

16.5 0.175 0.175 0.035 11.4

half hor. / double 
ver. input emit.

16.5 0.0875 0.350 0.07 11.4

at DTL entrance 238U28+ @ 1.394 MeV/u, Gaussian distribution, TraceWin, hard edge quads

compare transmissions and emittance growth rates

Post-Stripper DTL Options:
Beam Dynamics Benchmark Scenarios
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norm. tot. 95%-emittance growth rates

Post-Stripper DTL Options:
Beam Dynamics Benchmarking
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The charge to the Committee was to assess:

Members:

The outcome of the benchmarking has been presented to a dedicated Review Committee

Post-Stripper DTL Options:
Dedicated Review
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Post-Stripper DTL Options:
Dedicated Review
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General: the beam dynamics performance is crucial for the decision on the injector

1. Refurbishment of existing post-stripper DTL
• the committee fully supports the replacement of the present post-stripper linac
• a refurbishment is not a viable alternative and a replacement is recommended before the start of full 

FAIR user operation

2. New Alvarez
• the committee agrees that a DTL (with FFDD focusing) offers very good guarantee for a smooth 

beam dynamics
• the difficulty of rebuilding the Alvarez should not be underestimated ... and may yield a longer than 

expected fabrication and commissioning period as well as higher than expected cost

3. IH (KONUS)
• it is based on a proven construction design that presents limited risks for fabrication and tuning
• the committee is not convinced that the proposed KONUS IH in conjunction with the existing pre-

injector will fulfil FAIR requirements.

4. IH (Synchronous)
• though interesting in concept we do not consider today’s technology mature enough for this option

Post-Stripper DTL Options:
From final Report of Committee
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Proton Linac:
Overview
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Proton Linac:
Current Status

• source/LEBT commissioning at CEA (Saclay) in Q2/Q4 2017

• ladder RFQ prototype successfully tested

• CCH prototype cavity rf-tuned and tested with high rf-power

• klystrons & power converters: contract with CNRS (Orsay) under preparation

• quadruple triplets in production
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Summary

• Four options concerning the „aged post-stripper“ issue have been benchmarked

• Results were evaluated by dedicated review committee

• Further procedure is defined by the GSI Directorate

• Works on proton linac are ongoing


