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CONTEXT: β IMAGING IN ONCOLOGICAL RESEARCH

Different types of cells in a tumor

Large variability among tumoral cells

Biologists questions: 

Impact of this hetereogeneity on the 

distribution of drugs at the cell level

Drug biodistribution at the single 

cell level

Use of isotopic marking with 3H
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Marusyk, Nature Reviews Cancer 12(5) (2012) 323-34



CONTEXT:  MEDICAPLUS PROJECT
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2018-2021

Project funded by the Cross-Disciplinary Program on Instrumentation and Detection of CEA  

and the P2I Department of Paris-Saclay University. 



CONTEXT: DETECTION OF 3H WITH MICROMEGAS
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Micromegas detector 

Low energy threshold

Good spatial resolution

Good background rejection capabilities

Specificities for this application: 

Samples inside the gas volume



MEDICAPLUS RESULTS
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Tritiated glucose samples : 370 Bq-0. 37 Bq

F. Jambon et al., Journal of Physics 1498 (2020) 012046

F. Jambon et al, ArXiv 2109.09411 [physics.ins-det] submitted to NIMA  

https://arxiv.org/abs/2109.09411


MEDICAPLUS RESULTS
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Activitity assessment, linearity and stability 0.1 Bq-36 Bq

Detection efficiency full range measurements

Micromegas 31%, Beta imager 23% (Beta-imager 50% if only low activities present)
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OPTICAL READOUT OF GASEOUS DETECTORS

Optical readout of MicroPattern Gaseous

detectors  (MPGDs) relies on recording

scintillation light emitted during electron

avalanche multiplication 

Scintillation spectrum of gas mixtures with CF4 is

well suited for readout with CCD or CMOS 

imaging sensors

High spatial resolution can be obtained

F. Brunbauer 
CERN GDD group 



Advantages

Intuitive pixelated readout with megapixel 

imaging sensors

High spatial resolution

Integrated imaging approach

Lenses and mirrors allow adjustable 

magnification and camera positioning

Disadvantages

Limited frame rate

Need of CF4 based gas mixtures
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CHARGE READOUT VS OPTICAL READOUT

Charge readout

Optical readout

F. Brunbauer 
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OPTICAL READOUT SET-UP

Integration of a Micromegas mesh

on a transparent glass substrate

coated with Indium Tin Oxide (ITO) 

layer

Scintillation light emitted through

electron avalanche multiplication 

can be recorded

Window

Cathode

Mesh

Glass

ITO layer

Gas volume (Ar/CF4)

CCD Camera

Incident 

radiation

F. Brunbauer 
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X-RAY RADIOGRAPHY

F.M. Brunbauer et al.,  Nucl.Instrum.Meth.A 955 (2020) 163320

Images acquired by averaging several 10s exposures times.

Beam profile shape removed by dividing by « white » image.

Hig resolution images are obtained.



11

NEXT STEPS

Cathode with 3H 

samples

Glass 

Micromegas

Design of the detectors completed.

Mechanical pieces delivered

First Micromegas on glass have been 

produced in the MPGD Irfu Lab

Camera ordered

To do in the next 6 months

Mechanical assembly

Test of the detectors (HV, leak test…). Calibration with an X-ray source

Assembly of system

Commissioning of camera

Commissioning of detector + camera

Study light collection, camera sensitivity, operation modes

Establish image processing algorithms

Measure biological samples
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CONCLUSIONS

Medicaplus project has established a collaboration between detector physicists, microfluidists and 

biologists for the detection of 3H in the study of radiolabelled cells. 

Low activitiy 3H samples (<1 Bq) have been measured with standard charge readout Micromegas.

Glass Micromegas opens the way for new applications using optical readout.

Optimed-β aims at the quantification of 3H labelled drug with a Micromegas detector with an 

optical readout for the activity measurement of tritiated cells.

The detector has been designed. The camera has been acquired.  Assembly tests and 

commissioning of the overall system in the next months.
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BACK-UP
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STRATEGIES FOR CELL TRAPPING

Deterministic Lateral Displacement

Pillar array design drives cells path  towards deposition device
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STRATEGIES FOR CELL TRAPPING

Hydrodynamic fluid traps

Least resistance fluidic paths drives cells into traps

Cell deposition : unmoulding !



TRAPPING CELLS WITH MICRO-WELLS

Wells microfabricated on glass slide

Top view

glass

SU8

15µm – 75µm

30µm

PDMS

flow

75µm 50µm 30µm

# trapped cells        with larger wells

glass

air

Cells loading

Cells trapped

Next step

tritiated cells for beta imaging



ORCA-QUEST CAMERA
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X-RAY RADIOGRAPHY COMPARISON
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OPTICAL READOUT FOR BETA IMAGING 

PRINCIPLE

Window

Cathode

Mesh

Glass

ITO layer

Gas volume (Ar/CF4)

CCD Camera

Tritium

Samples


