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Page 3

Superconducting 
cyclotron

PSI + Varian, 250 MeV

Gantry 1

First PBS Gantry

2nd generation
PSI gantry

Gantry 3

Varian

OPTIS2

Ocular tumors

Gantry 2

PIF



• Gantry 1

 First spot scanning gantry (started operations 1996)

• Gantry 2

 In operation since 2013

• OPTIS 2

 Double scattering system

 In operations since 2010

CPT treatment areas
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Gantry 1 - Introduction

Page 5

a Rotation b Rotation 

•Implementation of spot scanning technique

• Scanning in one dimension (±10cm)

•During 12 years the only spot scanning gantry worldwide

•Due to eccentric design still the most compact system, r = 2m

The Gantry 1 is the first spot scanning proton beam therapy at PSI



Gantry  2 - Introduction
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Scanner magnets

Iso-centric layout with good access to patient

• Mechanical rotation limited to 210°

• Patient table turns 180° for  other hemisphere

• No gantry pit (conventional gantry layout)

Fast parallel scanning in 3 dimensions

• Scanning in 2d (2 sweeper magnets)

• “Up-stream” scanning (scanning through 

dipole)

→ Reduction of gantry radius by ~1 m

• Parallel beam at iso-center 

• Scan area of 12 by 20 cm

• Fast energy changes

Compact optimized nozzle

• No range shifter, energy modulation 

at accelerator

• Telescopic motion of the nozzle to 

minimize scattering

→ Small pencil beam, s ~ 3 mm 

• Remote movable pre-absorber

for superficial tumors (< 70 MeV)



OPTIS 2 -Introduction
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• Treatment of eye tumors

• More than 6000 patients

treated since 1984

• Incoming beam 70 MeV

• Only 4 fractions (all in one week)

• Local control tumor control: 99%

• 2010: Upgrade from OPTIS to OPTIS2

Ophthalmologic Proton Therapy Installation Switzerland

Range

modulator 

wheel

Scatter foil

Compensator
Target

Patient

Collimator

• “Imitate” conventional therapy with broad 

beam

• Patient specific hardware (collimator / 

compensator)

• Dose not as conformal as one could do it

• Established technique for more than 40 years



The spot scanning concept
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The spot scanning concept
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The dose is being delivered by bunches, or spots, controlled by a strong 

magnet AMAKI

Ablenk Kicker Magnet

• 72A

• < 300µs (typ. 200µs)

Monitor 1

Monitor 2

AMAKI



Spot scanning– delivery and verification
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TDS : Therapy Delivery System

TVS : Therapy Verification System

Monitor 1

Monitor 2

AMAKI



Introduction – The beamline in more details
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Beam current monitoring
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< 5nA

< 2nA

~ 0.4nA

~ 0.4nA

< 900nA



The current of the proton beam is supervised by many dectectors located on the 

beam path.

Beamline current monitoring
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R.Dölling et cie, Proc. AccApp'07 (2007) pp. 152 - 159 



Gantry 2 energy modulation
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Mean transmission between upstream and downstream monitors, 

normalized to transmission at 150 MeV.



Beam current monitoring
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< 5nA

< 2nA

~ 0.4nA

~ 0.4nA

< 900nA



Gantry 1 monitoring solution
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Fast kicker magnet

Sweeper magnet

Bending magnet

Monitor 1

a Rotationb Rotation 

Monitor 2

Monitor 3

Strip chamber

Range shifter

patient

Proton beam

Define spot dose

Limits and check spot dose

Check spot dose

Beam position and width

Energy modulation



Gantry 1 – beam monitoring system
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Monitor 1 & 2 are simple parallel plates ionization chambers

𝑡𝑐 =
𝑑

𝜇 × 𝑉𝑎

Ionization charges collection time

Advantages Inconvenients

Simple construction Slow

tions(M1)~90ms

tions(M2)~350ms

Microphone effect



Gantry 1 – beam monitoring system
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Monitor 3 is a Fisch’s grid ion chamber

𝜎 ≈
𝑑

2𝜋𝑝
ln

𝑑

2𝜋𝑟

Grid ”inefficiency ()”

Advantages Inconvenients

Fast (tions~10µs) Gain is not stable 
enough

No microphonic 
effect

Nitrogen gas

Monitor 1

Monitor 2

Monitor 3



Gantry 1 monitors : acquisition
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Schematic of the current-to-frequency 

converter (CFC)

• Ionization currents up to 100nA

• Range : 75fC to 500 fC / count

• Gain variation ~0.1% / year
• Developed at PSI in cooperation with 

Dipl-Ing. Kramert GmbH

CVC : Current-to-Voltage converter

DTC : dead time circuit

VFC : Voltage-to-Frequency converter

DAC : Digital-to-Analog converter

~50m 



Beam current monitoring
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< 5nA

< 2nA

~ 0.4nA

~ 0.4nA

< 900nA



Gantry 2 - Introduction
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Monitor 2

Monitor 1

Strip Chamber

Pre-Absorber

beam window

Gantry Nozzle

AMF2

AMF1

AMF3

Sweeper Magnets

nozzle

cover

Monitor 2

Monitor 1

Strip Chamber

Pre-Absorber

beam window

Gantry Nozzle

AMF2

AMF1

AMF3

Sweeper Magnets

nozzle

cover

Monitor 3



Gantry 2 - beam monitoring system
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Watchdog Dose and

Watchdog Time

Dose Monitoring System 2 and 3

Dose Monitoring System 1

DSEMonitor 1

High Voltage 

Supply

DSE

High Voltage 

Supply

Monitor 2

High Voltage 

SupplyMonitor 3

High Voltage 

Supply

DSE

PaSS

GeCo

Dose Counting

GeCo

Dose Counting

TVS

TDS

Analog signals

PaSS signals

Digital signals (seriell, parallel)

WDT

WDDCurrent to 

Frequency 

Converter



Based on Gantry 1, but with some modifications

For monitors 1 & 2

• 2D scanning area (12x20)cm

Gantry 2 - beam monitoring system
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For monitor 3, the 2D scanning 

concept cannot be implemented

• Detector located at the coupling

point

• Fixed beam passing through



Gantry 2 – monitors acquisition 
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Proton Beam

Ionization 

Chamber

GigaBit

Transceivers

Current Sensor PlugIn
(I/U converter)

+/-10V ADC

AFE 

Connector

Optical 

GBit
(Rocket IO)

FPGA
ADC

tPulse generation

Voltage to Frequency 

Converter

VME - VPC Board

(Pulse Counters)

Pulse Counter

Counter Preset

Comp

<

Current 
(nA Range)

Monitor Units (Pulses of Counter) are in relation 

to dose in GRAY.



Monitor calibration : golden standard
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Faraday’s cup

• Used for all gantries at PSI

• Allows to precisely 

calculated the number of 

proton (Np) for the arbitrary 

monitor units (MU)
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Gantry 1 monitor 1 calibration

𝐷𝑤 = (1.602 × 10−10)
𝑁

𝑎

𝑆(𝐸)

𝜌
𝑤

The dose in water is directly 

related to this calibration value

a = effective area of the beam cm2

[(S(E)/ρ] = mass electronic stopping power 

of proton of energy E in water



Advanced proton beam delivery techniques (e.g. line scanning) requires new 

development of dose monitoring

• Faster detector

• Detector less sensitive to environment condition

 Acoustic noise

 Temperature (and humidity & pressure)

What’s next?
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Wir schaffen Wissen – heute für morgen

My thanks go to Alex Koschik, David Meer, Martin Grossmann, Michael Eichin, 

Rudolf Döling



Dose delivery verification
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SOBP box of (6x6x6)cm, 21 energy layers : 1Gy

Two types of ionization chambers

Exradin T1 (collecting volume : 0.05cm3)

At 50% of the distal fall-off

IBA FC65-G (collecting volume : 0.65cm3)

Center of the SOBP
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Calculated Dose center of SOBP - Gantry 2  [Gy]

Mai 2017 shutdown

Different settings


