
PEPITES
RESULTS AND DEVELOPMENTS OF A TRANSPARENT BEAM PROFILER FOR CONVENTIONNAL AND FLASH HADRONTHERAPY 

Hadrontherapy is a highly precise cancer treatment modality requiring accurate beam profile measurements to ensure effective and safe dose delivery. The advent of FLASH therapy, which uses ultra-high dose
rates to minimize damage to healthy tissues, presents new challenges in beam monitoring due to the unprecedented intensities involved. The development of a reliable, ultra-thin, and transparent beam
profiler capable of operating under these conditions is therefore critical for both conventional and FLASH hadrontherapy . The PEPITES detector has been designed to meet these demands.
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Continuous monitoring
à Radioresistance (up to 108Gy/year)

Minimal beam perturbation
à Material budget: 10 µm WET

GOALS

SOLUTION

ASSETS

PEPITES @CNAO

• Detector on insertion module
• Dedicated readout (from CEA)

Ibeam = 1 pA Ibeam = 20 nA

Peak 35 fA !!!

INSTALLATION

• Signal: Secondary Electron Emission (SEE)

No mechanical stress  of 
membranes in vacuum
➠ Longer lifetime under radiation

CHALLENGES

BEAM TESTS

RESULTS

RESULTS

• Beam monitor for p (62-227 MeV) and C (115-399 MeV/u)
• 6.5m upstream patient, position
• Low material budget

Linearity of SEE signal
➠ Large dynamic range

Ultra-thinness
➠ Continuous monitoring

Thin film techniques
➠ Beam adaptation

68 MeV proton beam profiles
1 pA < Ibeam < 20 nA

• Measurement of “FLASH” beams
• 1 µs < pulse duration < 1 ms

• 3 tests campaigns (2023-2025)
• With “Nomadic” detector
• Validation of PEPITES for CNAO beams
• Measurement of SEE rates
• Reduce detector WET

“OFF-axis” anodes : WET = 5 µm

Carbon beams energy scan

• Good measurement of CNAO beams
• Carbon beam well measured

• Reduced WET (5 µm) efficient
• Marginal distortion of  profile by non-parallel field

Manipulator Electronic box

Bellow

Detector

Sensitive area
• 50 nm thick gold strips
• Deposited on 1.5µm 

insulating polymer 
membrane

• Thin-film techniques
• Emits electrons
➠ Current in each strips : signal

• SEE rates : protons of 68 MeV (ARRONAX),  100-230 MeV (CPO)
• No radiation damages seen up to 109 Gy

PEPITES sensitive area block
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ASICS PEPITA
32 channels femto-ammeter

Operates regularly with continuous and pulsed proton beam

• 2 blocks (X and Y) of 32 strips + anode

Horizontal profile
2 x 2.5 µm WET

Vertical profile 
2 x 2.5 µm WET Total = 10 µm WET

Electric field

Vacuum

Ongoing developments toward clinical use

Ep=68 MeV , Ibeam=1mA , 10ms pulse  

Secondary 
electrons

Protons

50 nm thick gold film (+ 100V)
Collecting electrode

50 nm thick gold strips (0 V)
Emits electrons

Nomadic 
PEPITES


