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https://www.cancer.gov/about-cancer/understanding/statistics

https://www.who.int/europe/news-room/04-02-2020-up-to-a-quarter-of-europeans-will-
develop-cancer-from-prevention-early-diagnosis-screening-and-treatment-to-palliative-
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Hachadorian, R., E. Cascio, and J. Schuemann. "Increased flexibility and efficiency of a double-scattering FLASH proton

beamline configuration for in vivo SOBP radiotherapy treatments." Physics in Medicine & Biology 68.15 (2023): 15NT01.

Valdés Zayas, Anet, et al. "Independent reproduction of the FLASH effect on the gastrointestinal tract: a multi-

institutional comparative study." Cancers 15.7 (2023): 2121.

Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025

From: https://www.theryq-alcen.com/technologies-in-radiation-therapy/flash-radiation-therapy/
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Introduction to the problemThe Beam Monitoring Problem

5/11

“For the clinical transfer of FLASH-RT, a 
monitoring device capable of real-time 
output measurement and beam control 
is necessary.”
Gonçalves Jorge P, Geyer R, Kinj R, et al. Machine stability and 
dosimetry for ultra-high dose rate FLASH radiotherapy human clinical 
protocol. J Appl Clin Med Phys. 2025;e70102. April 2025

Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025

Prof. Raphaël Moeckli
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FLASHGuard is a patent pending beam 
monitoring system designed for Ultra-High 
Dose Rate beams, enabling the safe 
implementation and clinical translation of 
FLASH-RT using the Cherenkov effect.
The device consists of:
- A radiator which does not impact the 

beam significantly;
- A fast photodetector which gives feedback 

to the machine in sub-microsecond scale.

Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025



Scheme of current RT machine and beam 

Radiotherapy treatments

7/11Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025
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Introduction to the problemOur concept

Unpublished results: please do not disclose.

Diagram of Cherenkov photon emission

Cherenkov 
radiation

𝜃

Charged 
particle

𝑣𝑝 = 𝛽𝑐

𝜃 = cos−1
1

𝛽𝑛

Patent

Pending

Possible prototype usage in FLASH RT treatments

Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025
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90Sr source

Soda-lime glass 
radiator

SiPM

60𝑚𝑚

60𝑚𝑚

2.5 𝑚𝑚
6 𝑚𝑚

20𝑚𝑚

Soda-lime glass 
radiator

90Sr Source

Support

Driver circuit

SiPM

Oscilloscope

PC with 
software

Black 
cloth

External power 
source

Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025

90Sr source to emit e- with 
enough energy to produce 
Cherenkov photons Soda-lime glass radiator with 

chamfer to reduce total internal 
reflection of light, while 
protecting the photodetector 
from the emitted electrons

SiPM for fast detection of 
the emitted photons
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SiPM consist of avalanche photo diodes 
connected in parallel. They present:
- high gain;
- sub-microsecond rise-fall time;
- thermal noise;
- a cost-effective option :)

Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025
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Next Step: hospital testing of a functional device in FLASH Radiotherapy conditions

Gonçalo Roriz, FLASHGuard: How to Enable Revolutionary Cancer Treatment With a Particle Physics Device, IST-PhysFront’25, 2025

Prof. Brian Pogue 
PhD

Dr. Maurizio Vretenar 
PhD
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Introduction to the problemCurrent Solutions vs FLASHGuard

Standard:
Ionization Chambers

Integrated Current 
Transformers (ICTs) FLASHGuard

Absence of
saturation effects No Yes Yes

Temporal
resolution 10-200 𝜇s Sub-𝜇s Sub-𝝁s

Spatial resolution Several mm N/A TBD

Radiation
hardness Yes Yes Radiator is

radiation hard

Independent from
beam position Yes No Yes

Romano F; Bailat C; Jorge PG; Lerch MLF; Darafsheh A. Ultra-high dose rate dosimetry: Challenges and opportunities for flash radiation therapy. Med Phys, 49:4912–4932, 2022.

Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025



Introduction to the problemCherenkov Emission Threshold for Electrons

Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025
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Introduction to the problemThe Detector: how SiPM’s work and their architecture

Implementing FLASH RT Beam Monitoring using Cherenkov radiation, JEF Awards 2025

From: https://www.youtube.com/watch?v=Oc-JEjaTHGs

SiPM’s operate using the avalanche principle:

• Initially the SiPM is externally biased, with each 

APD operating in Geiger mode;

• If a photon is absorbed, a charge carrier is 

created, triggering an avalanche in the gain region 

(the avalanche can produce 105 - 106 carriers);

• The quenching resistor then restores the APD 

back to Geiger mode

Using the SiPM’s, we can count the number of photons emitted by the Cherenkov effect
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Introduction to the problemSiPM Properties

Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025

- Dark Count Rate (DCR) is a form of thermal 
noise presenting a Poisson distribution

- Gain (M) is defined as the ratio of the charge of 
the pulse generated by a single-pixel detection 
event (Q) and the elementary charge (q)

- Photon Detection Efficiency (PDE) is directly 
proportional to the fill factor (Fg), quantum 
efficiency (QE) and avalanche probability (Pa)



Introduction to the problemHorizontal Distance Travelled by Photons

Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025

60𝑚𝑚

Soda-lime glass 
radiator

Point-like 
90Sr source

𝜃𝐶ℎ𝛼 ℎ

60𝑚𝑚

2.5 𝑚𝑚

Plane of the 
MPPC

6 𝑚𝑚

20𝑚𝑚

Horizontal distance travelled inside the radiator:

Horizontal distance travelled outside the radiator:

Total horizontal distance travelled:



Introduction to the problemRange of Electrons in Soda-Lime Glass

Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025



Introduction to the problemGeant4 Simulation - Overview

Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025

Experimental setup modelled and tested with:
- 90Sr source as a point-like emitter;
- Photodetector assumed to collect all photons.

- Runs with source at varying positions on top of the
radiator in order to determine best source
placement and 3.0 × 3.0 𝑚𝑚2 detector area with
highest photon detection;

- Run with source and detector at preferred position.



Introduction to the problemGeant4 Simulation - Results

Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025

Best positions for maximum photon incidence on SiPM:
Source: (0,0,0) mm

SiPM: [-2, 1] x [1, 4] mm



Introduction to the problemGeant4 Simulation

5/9Gonçalo Roriz, FLASHGuard: How to Revolutionise Cancer Treatment With a Prototype, IST-PhysFront’25, 2025

Positions for maximum
photon incidence on
photodetector:

Source: (0,0,0) mm

SiPM: [-2, 1] x [1, 4] mm



Introduction to the problemExperimental Work and Results
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- Horizontal lag due to temperature-driven gain drift;
- Peak * due to superposition of previous peaks;
- Total difference in rate = 0.11 cps -> expected due to oscilloscope

saturation;
- Total rate for each peak determined by fitting Gaussians to each peak

and determining their area.

1 p.p.e.

2 p.p.e.

3 p.p.e.

4 p.p.e.

5 p.p.e. 6 p.p.e.

*
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Poisson fit :
- 𝜇 = 0.863 ± 0.056 𝑝. 𝑝. 𝑒.
- 𝜒2/𝑑𝑜𝑓 = 19.4

Characterization of SiPM’s noise:

- Mean appears under 1;
- Elevated value for 𝜒2/𝑑𝑜𝑓.
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Total rate difference:
- Experimental results:

20.14 ± 8.46 𝑐𝑝𝑠
- Simulation results:

135.48 𝑐𝑝𝑠

- Discrepancy in total excess rate:
- overestimation of total number of detected events in simulation;
- low precision in source placement relatively to the SiPM.

- Positive rate difference in experimental data supports the detection of
Cherenkov photons.
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