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ÅIrradiation of tumors inside a human body with a particle beam.

ÅDeposited dose as function of depth in tissue:

-Exponential for photons and electrons

-Bragg peak for protons (dE/dx ᶿ1/v2)

Proton therapy
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Most of the dep. dose 
localized within a few mm



ÅSpot wise application of beam (Gaussian shape)

-S (depth in tissue / beam energy) ĄU, T

Spot scanning technique and requirements
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ÅSpot wise application of beam (Gaussian shape)

-S (depth in tissue / beam energy) ĄU, T

ÅAim: dose inhomogeneity < 1 %

Spot scanning technique and requirements
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Spot scanning technique and requirements
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Longitudinal

Longitudinal

Dose is 2% off
Transversal

Dose is 5% off

ÅSpot wise application of beam (Gaussian shape)

-S (depth in tissue / beam energy) ĄU, T

ÅAim: dose inhomogeneity < 1 %

-What does that mean for the beam positioning accuracy?

-Longitudinal beam position has to be of the order of millimeters

-Lateral beam pos. better than < 1 mm (control: sweeper dipole magnets)

ÅLateral position measurement DURING beam application to patient!

-Highly dynamic beam movement (milliseconds!)
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Device for position measurement in-situ
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ÅDesign parameters:

-Thin (material in beam / minimize multiple scattering)

-Robust (radiation)

-Low maintenance/easy access (maintenance)

-[ŀǎǘ ōŜŀƳ ƭƛƴŜ ŜƭŜƳŜƴǘ όŎƭƻǎŜǎǘ ōŜŀƳ άǊŜǇǊŜǎŜƴǘŀǘƛƻƴέ ōŜŦƻǊŜ isocentre)

-Movable (Gantry rotation, nozzle extension)

Dose measurement

Dose counting

Beam position



T-plane U-plane

Nozzle strip chamber
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ÅReadout via TERA board (collab. w UniTorino)

-CFC functionality, 128 channels (= 64 channel per chip), 16 bit counter

-Quantum of Charge: -100 fC, integrated readout



DPRAM
- Raw data (88+128 values)
- Processed strip data (10 v.)
- Diagnostic data (.. v.)

Serializerboard
Data processing in FPGA

ÅSpot-wise application of beam 

ÅCharge collection time:

-U = -1800 V, d = 1 cm ĄÔ 0.4 ms

Signal readout and processing
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Beam OFF

Beam ON
Spot 1 at T1,U1 Spot 2 at T2,U2

Time

Setting beam energy

Setting sweeper magnet currents

?
Position validation

OFF

ON
Detector readout

TERA chip keeps 
integrating

Data array
88+128 values

2 ms

Continue/abort?

Position 
calculation Control 

system

Interface board for 
serial datatransmission

DSE board
DC gen., 
supervision

needs 20 ˃s to read 1 value
Opt. link



ÅPosition calculation:

ÅActually two positions needed: actual (measured) and nominal (planned)

-Interrupt treatment if difference > 1.5 mm

ÅPerformance throughout the years:

Position validation

+ Robust to noise
+ Good resultseven if partial profile 
visible (beam at detector edged)
+ Precise position calculation

- Computationtime

Gaussian fit

- Bad resultseven if partial profile visible 
- Threshold(> 1/32 of max.)
- Noise sensitive (spikes) 

+ Computation time
+ FW implementation

Centre-of-gravity
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ÅStrip chamber not touched since 2013 (= commissioning)

ÅMonitored: position, RMS, area (of beam profile)

ÅNo. of fractions to patients (since 2015): ~ 9300

ÅPosition violations detected: 62

ÅTight QA program and close monitoring of HW parameters

Typical plot for patient 
fraction 



Outline

Page 12

Quick introduction to proton therapy

A strip chamber for online-position monitoring

Challenges of a detector upgrade

Summary



ÅStrip chamber detector not touched since its commissioning (8 years)!

ÅMotivating an upgrade

-Limited functionality:no sampling readout, no online gain control (FLASH 

effect)

-Availability:discontinued product series, limited stock.

ÅChallenges & opportunities:

-Integration of a commercial part into a highly customized system

-Sufficient testing in the lab (performance & utility)

-LƳǇƭŜƳŜƴǘŀǘƛƻƴΥ άǘƻǳŎƘέ ǊǳƴƴƛƴƎ ǇŀǘƛŜƴǘ operations

Never touch a running system?
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Conventional:
Dose rate < 1 Gy/s
Beam current < 0.5 nA

FLASH:
Dose rate > 1400 Gy/s
Beam currents > 700 nA

TERA:
Å64 channels perchip
ÅSensitivity: -100 fC/count
Å16 bit resolution
Å$$$
Ådiscontinued

ADAS:
Å128 channels perchip
ÅSensitivity: 0.04 fC/count
Å24 bit resolution
Å$
Åavailable (analog devices)



Outline

Page 14

Quick introduction to proton therapy

A strip chamber for online-position monitoring

Challenges of a detector upgrade

Summary



Conclusion:

ÅProton therapy needs a reliable position sensitive detector!

ÅSuccessful and low maintenance online beam position measurement is possible, 

ōŜŎŀǳǎŜ Χ

Χ Ŧƻƛƭ ŘŜǎƛƎƴΥ ƳƛƴƛƳŀƭ ōŜŀƳ ŘƛǎǊǳǇǘƛƻƴ όƳǳƭǘƛǇƭŜ ǎŎŀǘǘŜǊƛƴƎΣ ŜƴŜǊƎȅύ

Χ Řŀǘŀ ǇǊƻŎŜǎǎƛƴƎΥ Ǉƻǎƛǘƛƻƴ ŘŜǘŜǊƳƛƴŀǘƛƻƴ .9Chw9 ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ

Χ ŜƭŜŎǘǊƻƴƛŎǎΥ ƻƴƭȅ ƴŜŎŜǎǎŀǊȅ ŜƭŜŎǘǊƻƴƛŎǎ όǊŀŘΦ hard) close to detector, sensitive 

parts are far away 

Outlook:

ÅPosition measurement concept will remain as it is 

ÅModerate updates necessary:

-Treatment optimization (dead time), FLASH dose rates (= extremely high 

currents)

Summary
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