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we have methods and instruments to measure this stochastics
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Warning: the Dose does not define the spatial pattern of energy deposition

DENSE TRACKS ARE MORE EFFECTIVE THAN SPARSE TRACKS

“microdosimetry counters and their associated 

data logging and analysis require considerable care 

and are best left to experts”
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Macroscopic counters mimic the mm SIZE

by using tissue-equivalent gas 

as the detection medium. 

MICRODOSIMETRY

𝒅𝒕 × 𝝆𝒕 ×
𝒅𝑬

𝝆𝒅𝒙
𝒕

= 𝒅𝒈𝒂𝒔 × 𝝆𝒈𝒂𝒔 ×
𝒅𝑬

𝝆𝒅𝒙
𝒈𝒂𝒔
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1 µm
0.9 mm



Macroscopic counters mimic the mm SIZE

by using tissue-equivalent gas 

as the detection medium. 

𝒅𝒕 × 𝝆𝒕 ×
𝒅𝑬

𝝆𝒅𝒙
𝒕

= 𝒅𝒈𝒂𝒔 × 𝝆𝒈𝒂𝒔 ×
𝒅𝑬

𝝆𝒅𝒙
𝒈𝒂𝒔

lineal energy 𝒚 =
𝜺

ҧ𝒍
𝒚 = keV/μm

𝐟 𝒚 frequency probability density of 𝒚

𝐝 𝒚 dose probability density of 𝒚

definition of quantities

7

MICRODOSIMETRY



The p(65)+Be therapeutic neutron beam of Nice
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Equal area under curve

equal dose contribution

Electrons

Protons
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MICRODOSIMETRY at the 62 MeV Therapeutic Proton Beam of CATANA 
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𝑹𝑩𝑬𝝁 = න 𝒓 𝒚 𝒅 𝒚 d𝒚

MICRODOSIMETRY at the 62 MeV Therapeutic Proton Beam of CATANA 
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𝒓 𝒚

Loncoln T. et al., Radiat Prot Dosim 1994
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P. Chaudhary et al, 2014 radioresistant 

glioma U87 cells
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MICRODOSIMETRY at the 65 MeV Therapeutic Proton Beam of NICE 



FROM RESEARCH TO CLINICS
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The biological response function r(y)

The biological response function is not universal

?
2 mm
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NANODOSIMETRY

n  = 12

𝑷 𝝂|𝑸 represents the probability

of measuring 𝝂 ionizations

𝑭𝒏 𝑸 represents the probability of

measuring at least 𝒏 ionizations

𝑴𝟏 𝑸 represents the mean 

ionization yield

A single ionizing particle crosses a target volume V

And the number n of ionizations inside V is counted
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THREE NANODOSIMETERS
nano-volumes of different size

Jet Counter  

S. Pszona et al., NIM A 447, 601 (2000)

Ion Counter 

G. Garty et al., Rad.Prot.Dos. 99, 325 (2002)

Startrack 

L. De Nardo et al., NIM A 484, 312 (2002)
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Particles with the same velocity

NANODOSIMETRY of 8 AMeV particles with STARTRACK

𝐹3 = 

𝜈=3

∞

𝑃 𝜈|𝑄

3

𝐹2 = 

𝜈=2

∞

𝑃 𝜈|𝑄

2

𝑭𝟐 = 𝟎. 𝟏𝟑𝟒 𝑭𝟐 = 𝟎. 𝟗𝟏𝟑 𝑭𝟐 = 𝟏

𝑭𝟑 = 𝟎. 𝟎𝟒𝟖 𝑭𝟑 = 𝟎. 𝟕𝟖𝟔 𝑭𝟐 = 𝟏
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D = 5 nm

H
=

 5
 n

m



F1 F2 F3

𝑭𝟏 SSB 𝑭𝟑 complex DSB σα𝑭𝟐 simple DSB       σ𝟓%



26

=

NANODOSIMETRY

radiosensitive XRS5

K1 = 160 mm2

s = K1 × F1

radioresistant V79: low doses

K3 = 54 mm2

s = K3 × F3

radioresistant V79: high doses

K2 = 64 mm2

s5%= K2 × F2
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NANODOSIMETRY
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Purpose: not the unlimited generation of data 

but their deliberate reduction to the

most essential parameters

MICRO & NANODOSIMETRY
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s = K1 F1

s5% = K2 F2

"watching is not enough...you need to look with eyes that want to see, that believe in what they see" Galileo Galilei

radio-RESISTANT

radio-SENSITIVE

 = K2 × 𝐹3 ×
𝐹

𝐷

K3
2 × 𝐹3

2 − K2
2 × 𝐹2

2

4ln 0.05
×

𝐹

𝐷
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DNA damage
complexity

K
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Inactivation of aerobic and hypoxic cells from three different cell lines by accelerated (3)He-, (12)C- and (20)Ne-ion beams.

Furusawa Y, Fukutsu K, Aoki M, Itsukaichi H, Eguchi-Kasai K, Ohara H, Yatagai F, Kanai T, Ando K.

Radiat Res. 2000 Nov;154(5):485-96. 

INACTIVATION OF HSG CELLS

LET M1

https://www.ncbi.nlm.nih.gov/pubmed/11025645


F1 F2 F3



Inactivation cross sections at high doses

5% survival

Inactivation cross sections al low doses

1% survival
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THE LINK TO RADIOBIOLOGY: RADIORESISTANT CELLS

s


a
n
d
 

F
3


K
3

in
  
 m

m
2

F2 K2 F3 K3

M1 (DH2O = 1.5 nm)

V79: HIGH REPAIR CAPACITY

K2 = 64 mm2 K3 = 54 mm2

14



XRS5 CELLS irradiated by 12C ions 

𝑭𝟏 SSB

XRS5: LOW REPAIR CAPACITY

M1 (DH2O = 0.3 nm)
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Purpose: not the unlimited generation of data 

but their deliberate reduction to the

most essential parameters

MICRODOSIMETRY



absorbed dose, D 
single measurement

specific energy, z
stochastics important

microdosimetry









( ) ( )2
x x xD 4 ln xs =    − b

INACTIVATION CROSS SECTIONS  

FROM PHYSICS TO RADIOBIOLOGY
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M1 (DH2O = 1.5 nm) M1 (DH2O = 1.5 nm)

Inactivation cross sections at initial survival
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s5% = K2 × F2 s =  K3 × F3

V79 CELLS

K2 = 64 mm2 K3 = 54 mm2
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external diam. 2.7 mm
the same of 8 French cannula
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0.9 mm2.7 mm

The LNL MINI-TEPC
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Fast response

High stability

High precision positioning

High particle’s flux capabilities

High sensitivity: detects the single ionization

Full LET-range (from 0.2 to 5000 keV/µm) in a single measurement


