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General HSI-Upgrade Guideline

1. Back to 2016-HSI-performance

2. Meeting FAIR-requirements
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General HSI-Upgrade Guideline

U28+-beam current                             HSI beam emittance 

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020

2014                2015        2016



Pushing the limits for uranium beam operation

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020

• Ion Source: Applying a multi-aperture (7-hole) extraction system at the VARIS ion source  Increased U4+-

intensity and improved primary beam brilliance (Terminal West + PRIDE => 20emA, U4+, 250 mmmrad)

• Low Energy Beam Transport: Improved LEBT-performance and RFQ-Matching using high brilliance

Uranium beam from the VARIS  75% RFQ-Transmission (Iout = 15 emA) (PRIDE)

• RFQ: RF optimization by adjusting plunger positions at the HSI RFQ tank and extensive rf-conditioning 

Reduction of forwarded rf-power, yielding for reliable high-current uranium beam operation (Revised

electrode design with trapezoidal shape)

• MEBT: Optimizing the beam transport between RFQ and IH DTL by increasing the transverse and

longitudinal focusing strength (3%)  Reduction of beam loss, stable high current operation.(Revised

design with improved QD (enlarged aperture, higher field strength and new SL-electrode design)

• 1.4 MeV/u-Transport Line: and gas stripper: Adapting the quadrupole channel (matching the gas stripper)

 90% beam transmission, U4+ beam current of 7.6 emA available for heavy ion stripping. (H2-gas stripper

implementation => 15 emA, U28+, 0.5 mmmrad (hor.))

• UNILAC-high current beam diagnostics (non destructive): Beam transmission (MAPS), beam position

(phase probe pickups), beam profile monitors (BIF) – Bunch Shape Monitor (transfer line)

• Regular beam development program: Ramp up UNILAC to 10 emA, U28+ at sufficient beam brilliance !

• Reliable high current beam operation!

High Current Injector



HSI-RFQ-Upgrade (2019)

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020

 New Quadrupole Quartett (2017/18) with thin walled beam tube (2019) 

 HSI-RFQ: New Electrodes (2019) installed (2018: Rf-level limited to max. 74% of Design)

New Electrodes

- 89% of the design Rf-level applied successfully

- Sufficient U4+-RFQ-operation

- 50% of best HSI-performance (2016)

- U4+ =>  U28+ => U68+ (8.6 MeV/u)

- For SIS18-injection: 1.1 +/-0.1 emA (7x109 particles

in a 0.07 ms pulse)

Old Electrodes



Recommendations addressed

R&D plan for a high intensity heavy ion RFQ with high reliability that meets the FAIR 

requirements?

General HSI-(RFQ) Guideline

 Back to 2016-performance (1)

 Meeting FAIR-requirements (2)

Schedule

2019: Exchange of RFQ-electrodes 

2020: Advanced Rf-conditioning

2020: U4+-operation

2022: Exchange of LEBT-QQ (1)

≥2023: Improved RFQ-electrode design (2)
 lower RF-voltage (RF-power)

 higher acceleration efficiency

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020

sinusoidal trapezoidal

M. Vossberg, R. Brodhage, M. Kaiser, F. Maimone, W. Vinzenz, S. Yaramyshev, GSI, Darmstadt, Germany, 

DESIGN STUDIES FOR THE PROTON-LINAC RFQ FOR FAIR, IPAC’15 (2015)



Status of High Current Heavy Ion Beam Performance

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020

2020: Heavy ion beam studies: Bi4+ => Bi28+

FAIR: 15mA/m ( = 0.155)

Full HSI-performance (2016: 11.1 emA, U28+ @1.4 MeV/u) => 6.2emA*@SIS-injection!

* 1.0×1011 U28+-particles (70s)



Further UNILAC-Upgrade

 PRe Injector DEdicated

for Uranium operation (PRIDE)

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020
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FAIR: 15 mA U28+ at 11.4 MeV/u;              

Required at RFQ entrance: 20 mA U4+ (inside 250 m)

Low Z-gas stripping witth improved heavy ion stripping efficiency: +65% => 15 mA U28+ (inside 1 m)

QQ 12026

2023

 Pulsed H2-Gasstripper (2024)

Heavy ions (U, Bi):

• more narrow distribution

• increased stripping efficiency

• higher beam intensity

+75%+65%



TecNote “Further steps towards realization of the PRe Injector 

DEdicated for Uranium operation (PRIDE)” I

A. Adonin, W. Barth, R. Hollinger, H. Vormann, S. Yaramyshev (07.10.2020)

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020



TecNote “Further steps towards realization of the PRe Injector 

DEdicated for Uranium operation (PRIDE)” II

A. Adonin, W. Barth, R. Hollinger, H. Vormann, S. Yaramyshev (07.10.2020)

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020



Attachments

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020



UNILAC-Design Beam Parameters

W. Barth, UNILAC_Upgrade, Machine Meeting, 13.10.2020

FAIR



Comparison of HSI-Transmission 
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