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 Overview of Neutron Physics in CR-39 detectors

 Concept of Dose calculations from LETnc (mean LET) spectra

 Neutron dosimetry: State of the art & the innovative approach

 Other applications for neutrons spectrometry

 Conclusion



Overview of Neutron Physics
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Our applications of the CR-39 as dosimeter 

Ref: Principles of Radiation Interaction, 22.101, fall 2006, MIT open courseware 



Energy Deposition by Neutrons:

• Neutrons are generated over a wide range of energies by a variety of different 

processes

• Like photons, neutrons are uncharged and do not interact with orbital 

electrons

• Neutrons can travel considerable distances through matter without interacting

• Neutrons will interact with atomic nuclei through several mechanisms:

 Elastic scatter

 Inelastic scatter

 Non-elastic scatter

 Neutron capture

 Spallation
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Overview of Neutron Physics

For neutron detection using CR-39 detectors, the nuclear interactions involved are:

• Elastic scattering – recoil nuclei (mainly protons for our application)

• Non-elastic scattering – (n,p) or (n,α) reactions

• Spallation (fragmentation of the C and O atoms in the radiator into secondary hadrons and 

neutrons, due to highly energetic primary neutrons)

Ref: Principles of Radiation Interaction, 22.101, fall 2006, MIT open courseware 
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N.B: I’ve seen this kind of tracks only 2 times in the 

past 3 years of experiments in different 

neutron/proton/carbon beams

Overview of Neutron Physics

62 MeV/n

C ions
4cm

20cm



Neutron Cross section 

on C and H
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Neutron dosimetry with CR-39 detectors

Chemical 

composition:

PMMA: (C502H8)n

CR-39: (C608H)n

C compensates for 

reduction in neutron 

cross section on H at 

En > 10MeV 
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Correlation between LET and Energy

Ref: Principles of Radiation Interaction, 22.101, fall 2006, MIT open courseware 
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Correlation between LET and Energy
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Ref: Principles of Radiation Interaction, 22.101, fall 2006, MIT open courseware 

Ref: S. Tavernier, Experimental Techniques in Nuclear and Particle Physics



What is LETnc measured in CR-39?
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LETnc is the calculated from the V ratio (Vt /Vb) and is an approximation 

of the lineal energy of the impinging ion



Dose calculations from the LETnc spectra 14

ICRP, 1991

Example of an LETnc spectrum measured 

in a carbon beam



Politrack® instrument
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CR-39 ® detector from RTP
Politrack® instrument 
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Politrack® instrument
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Politrack® instrument

A few examples of 

frames on a CR-39 

detector

Totally saturated detector



CR-39 detector analysis with Politrack® 
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• Automatic counting and 

geometrical analysis of the 

tracks by POLITRACK (a)

• Track filtering

(account for dust particles 

or surface defects) (b)

• Vt and LETnc and 

impinging angle 

determination (c)

• LETnc distribution (d)

• Dose Calculation =>

(a) (b)

(c) (d)
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In the PMMA radiator, the type of secondary 

particles produced is strongly dependent on 

the neutron beam energy (En):

En < 10 MeV : (n,p) reactions

En > 10 MeV : (n,p) reactions   

+ (n,α) reactions   

+ (n,d) reactions

+ (n,t) reactions

http://www.oecd-nea.org/janis/

Neutron dosimetry with CR-39 detectors
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Fragmentation of O and C atoms occur due to inelastic 

scattering and spallation reactions when En > 10 MeV



Most of the present European dosimetry services (IRSN France, LANDAUER

Europe, PSI Switzerland, ENEA Bologna in Italy) correlate the neutron dose with

the track density.

This results in a detector sensitivity that can vary by a factor 10 according to the

neutron energy. Thus a prior knowledge of the energy composition of the neutron

field is required.

State of the Art
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M. Caresana et al.



o Our approach is based on the capability of CR-39 to evaluate the average Linear Energy

Transfer (LET) and the possibility to assess the dose from the average LET. (M. Caresana

et al.)

o The results is that when using this approach the detector response is more stable on a

wide neutron energy range.

o No or little prior knowledge of the neutron field is needed with this technique. The neutron

field can thus be investigated directly with the average LET measurements done using the

CR-39 detectors, acting as a low-resolution spectrometer.

Novel approach
21



Dose measurement in a simulated workplace field at CERF 

facility at CERN
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Fig 2a. LET distribution measured for the position CT 5

Fig 2b. LET distribution measured for the position 

CT12

Position
Reference Dose 

(mSv)

Measured Dose 

in CR-39 (mSv)

CT-5 5.17 3.8 ± 1.4

CT-12 4.85 4.1 ± 0.5

Fig 1a. CERF irradiation facility
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Testing the spectrometric capabilities of the Politrack®
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CR-39 surface reconstruction from track parameters
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Testing the spectrometric capabilities of the Politrack®

2D distribution of the 

Absorbed dose (mGy)

2D distribution of the 

Dose Equivalent (mSv)

• Spatial resolution: 0.37 µm

• Pixel/Frame size : 285 µm * 380 µm

• Sensitive area : 70 * 79 pixels/frames (2 * 3 cm)

380µm

5µm

2
8
5
µ

m



25

Primary reactions

Secondary reactions

Tertiary reactions

Ref: Frenje JA. et al., First measurements of the absolute neutron spectrum using the magnetic recoil spectrometer at OMEGA. Rev 

Sci Instrum. 2008 Oct;79(10):10E502. doi: 10.1063/1.2956837.

Applications for neutron spectrometry using CR-39 track detectors

Magnetic Recoil Spectrometer at OMEGA laser facility, 

Laboratory for Laser Energetics, Rochester, NY



Conclusion
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o CR-39 is acts as a low resolution spectrometer and a dosimeter at the 

same time

o A relatively low cost

o It is insensitive to stray radiation such as intense gamma rays pulses 

which are parasites to all active detection instruments

o It’s limits however are it’s insensitivity to hadrons having a low-LET or high 

angle of incidence on the detector; thus reducing the response of the 

detector


