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PRESENTATION OVERVIEW

MedAustron Overview and NCR Programme

COSE Investigation results

RF channelling of carbon ions

RFKO extraction development
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MEDAUSTRON ACCELERATOR SPECIFICATIONS

A=,[E
* Based on the Proton-lon Medical Machine Study (PIMMS)
design and developed in close collaboration with CERN
and CNAO

° 77 metre circumference

* Slow extraction based on third integer resonance using a
Betatron core

* Present clinical extraction times of 10 & 4** seconds
(0.1-30 seconds available for research)

* RF channelling used for beam ripple suppression**

* Future developments for performance improvement with
patient safety in mind (medical device)

Particle | Energy / range Intensity
type (per spill)

Proton 62.4 — 252.7 MeV + 800 MeV* ~101°
3.3—-38.6cm + 2.35 m*

Carbon 120 — 402.8 MeV/u ~108 *=*
ion 4 - 28 cm
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NON-CLINICAL RESEARCH (NCR) AT MEDAUSTRON

* Research areas are divided into programs from <3
PO-P7:
O PO - Commissioning and Quality Assurance
O P1 - Intrafraction Adaptive Radiation Therapy
O P2 - Interfraction Adaptive Radiation Therapy
O P3 - Imaging with lon Beams
O P4 - Magnetic Resonance Guided Particle Therapy

O P5 - Energy Transfer Mechanisms and Applications in
Physics and Biology

O P6 - Pre-Clinical Animal Research
O P7 - Accelerator physics

N

L
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NCR research cooperation with the Medical Universities of Vienna
and Graz, the Technical University of Vienna and the Institute
for High Energy Physics (OAW) as well as the University of
Applied Sciences Wiener Neustadt (FH WN)

Collaboration agreement “Development of Slow
Extraction Techniques” between MedAustron and
CERN
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COSE INVESTIGATION
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COSE has been investigated as an alternative
extraction method under the NCR P7 Accelerator

Physics program

COSE extraction mirrors the Betatron core

extraction conditions
O Hardt condition is met

O Betatron core is inactivated (only magnet
ramping)

COSE has the added advantage that the same
iImplementation can be utilised for a bunched

multi energy extraction

Implementation is via set point sequence (SSQ)
curves in the control system to synchronously

ramp the magnets
The COSE extraction rate is set by the

percentage of magnet ramping performed

written as —X.X% ramping

norm
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P. Arrutia, Optimisation of Slow Extraction and Beam Delivery from
Synchrotrons, Master Thesis, Royal Holloway, University of London,
CERN-THESIS-2020-259, 2020.
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UNBUNCHED PROTON COSE EXTRACTION -0.3%

HORIZONTAL plane MF03200DDM , 2020/11/08 00:03:47
o P roto n 2 5 2 7 M ev MF03200DDM_p0_20201108000347_SID000_IID000_252_0p3_chan_COSE-DDP.msr
= comment: 252_0p3_chan_COSE, || HOR = -Y, VER = -X (@Lynx)
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UNBUNCHED PROTON COSE EXTRACTION -0.1%

HORIZONTAL plane MFO3200DDM , 2021/08/21 19:00:47
MF03200DDM_p0_20210821190047_SID000_NIDO00_la_COSE_-Opl_252p7-DDP.msr
comment: 1a_COSE_-Opl_252p7, || HOR = -¥, VER = -X (@Lynx)
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UNBUNCHED CARBON COSE EXTRACTON -0.3%

HORIZONTAL plane MF03200DDM , 2020/11/08 01:09:33
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= comment: 400_0p3_COSE, || HOR = -Y, VER = -X (@Lynx)
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BEAM LOSSES MEASURED ON PIN DIODE

PIN diode located at split of the High Energy Beam Transfer line from the Synchrotron
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BUNCHED COSE

* Same settings as for the COSE presented
earlier except:

HORIZONTAL plane MFO320000M | 2020/11/08 03:46:36
MF03200D0M_p0_20201108034636_S10000_IID000_400_Bunched_0p3NoP)-DDP msr
comment: 400_Bunched_0p3NoP|, || HOR = -¥, VER = -X (@Lynx)
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O Energy control using the radial loop (for
bunched beam bucket frequency control)
combined with the magnet ramping
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MULTI-ENERGY startextraction

ago) |

EXTRACTION COSE \
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COSE \
* Same settings as for bunched COSE 4881 | , | _
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MEE COSE

°* Energy step of 0.5 MeV proton, without
HEBT scaling means that the 2" energy
scrapes in the high dispersive region of
the beamline but is visible in the low

dispersive region

* More than two energies attempted and
focus of next COSE shifts
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Intensity ratio = 1.00, Voltage = 2700.00 V, +.=0.00 deg,
df=8500.00 Hz, Initial #fmm empty bucket = -0.0129

CARBON ION CHANNELLING

* Implementation of channelling for ripple reduction is R
currently being implemented for carbon ions as part of T —
a performance improvement for carbons (PICar)

-- Resonance energy

=100 100

* Channelling was previously implemented for protons, 4 [deg]
however this was implemented more like the “tune Voltage = 104.00 V, df=1886.17 Hz
wobble”, similar to as implemented at GSI, rather
than channelling as outlined in the PIMMS design
study

* The investigated options were simulated in BLonD and
WinAgile before validation during the PlICar feasibility

study
* Measurements of the proposed settings matched the |
simulated results extremely well | ---- Resonance energy
7 hldeg]
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CARBON CHANNELLING RESULTS

REFERENCE: C6+, DEG 100, 10s, 402.8MeV, Chan OFF
Original, Maximum Ripple Factor = 9.694

=
o

Ripple Factor

TUNE WOBBLING CANDIDATE: dF = 8.5kHz, V = 2.7kV
Original, Maximum Ripple Factor = 4.236
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CARBON CHANNELLING RESULTS

REFERENCE: C6+, DEG 100, 10s, 402.8MeV, Chan OFF
Original, Maximum Ripple Factor = 9.694
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RFKO DEVELOPMENT Ao

* RFKO has been under recent development at

MedAustron ﬁ
O RFKO is being focused on for a more efficient extraction
(less chopping) with the possibility to implement multi- |:|

energy extraction and dynamic intensity control
RFKO

* The system design focus areas:
O Signal generation (prototyping and production)
O RF Amplification (1 kW)
O Impedance and signal balancing (BalUn)
O RF exciter

* The most sensitive components will be the RF kicker
/exciter and the signal generation

* Power amplifier maximum of 1 kW into a 50 Ohm
load for a maximum peak-peak voltage of 632.5 V

Maximum kick strength (prad)

* Requirement to extract all particles in clinically i
relevant times = kick strength to be above 1
microradian

© MedAustron I-FAST REX - 17/02/2022 I
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RFKO SIGNAL GENERATION

* Presently for signal generation prototyping for RFKO a software designed radio (SDR) is
being used. Signal will be generated by the synchrotron LLRF in the final system.

O Spreading of the signal is performed using frequency sweeping or random “noise” generation
with phase shift keying to spread the fundamental frequency and excite the all of the beam

* QOutput of the generated signal is fed into a 1 kW amplifier to generate a maximum of
632 V signhal on the exciter

EXCUSE ME — YOURE TJIGGLING ACTUALLY, CAN YOU JUST SHIFT THE FREQUENCY

YOUR LEG UPAND DOWN. TS UP BY 15%7 I THINK YOU CAN GET RESONBNCE

TRAVELING THROUGH THE FLOOR WITH STEVE'S DESK INSTEAD,
|

HERE ARE THE CALCULATIONS.
LETS (0ORDINATE AND TRY
[ "Lie”ﬂ-fl~ HIS DRINK.

AND MAKING MY UH HUH ..

DESK RESONATE.

OH 1DIDNT
EVEN REALIZE!
TLL STOP

&1

https://xkcd.com/228/ IN|
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INITIAL CAD DESIGN FOR RF EXCITER

* The initial CAD design appeared suitable and met the
requirements for analytical calculations (uniform E field of
4273.4 V/m), however validation of the design required
electric field simulations

* Some optimisations from the E field simulations were
required including:
O Fine tuning was needed to minimise the high field regions at
corners and edges of plates

O Requirements on the balancing of the applied voltage
between the plates (BalUn requirements)

O Plate distance was optimised and an additional ground
shielding plane was required

MedAustrond
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RF EXCITER E-FIELD SIMULATIONS

* The refined CAD design met the
design requirements overcoming the
identified Issues

* Field along central axis matches well
the analytically determined value

* Minor optimisation and room for
future possible developments has
been accommodated in the design
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RFKO EXTRACTION OF 198 MEV PROTONS

HORIZONTAL plane MFO3000ICM , 2022/01/15 18:33:39
MFO3000ICM_p0_20220115183339_5ID000_IIDO00_198MeV.msr

RFKO extraction
rested at
MedAustron
using the LLRF
to generate
sidebands for
excitation

Horizontal
Schottky used
for the
excitation in lieu
of a dedicated
RFKO exciter
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RFKO RANGE RESULTS

Reference 247,39 247,371 247,381
RFKO 245,5 245,51 245,505
-0.1 MeV 245,32 245,314 245,317

Peakfinder measurement, 198 MeV protons

0.35 4
—— Reference run (247,371mm)

RFKD (245 51mm)

X B SRIM(198.0 MeV) -> 251.8 mm

SRIM(197.9 MeV) -> 251.58 mm

e SRIM calculation takes no WET
materials (I2M, DDS, window, etc.)
in the beam path

e Reference of ~¥4.5 mm of WET for
protons in the beamline at 198 MeV

0.301

0.25 1

0.201

dx/dE

0.15 4§

Relative shift of the measured
Betatron core range to RFKO range
matches exactly the expected
distance to the resonance
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0.001
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Courtesy of F. Feichtinger offset could also be seen
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FUTURE PLANS

* COSE Multi Energy extraction with more than 2 energies with varied extraction
Intensities (promising initial results)
O Multiple sRF triggers can be used to optimise the MEE using COSE

°* Implementation of improved beam loss monitors for use with investigations

O Libera BLM with MHz frequency response
O Complementary to existing PIN diode measurements

® Carbon ion channelling has been successfully tested and is currently being
Implemented
O Investigation into optimisation and implementation of channelling for protons

O Other ripple suppression techniques will also be investigated using measurements of beam
position and intensity with high bandwidth (up to 10’s of MHz in collaboration with Cividec)

* RFKO development and implementation is ongoing with continued testing and
refinement

MedAustrond
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