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 Electrets

 Track detectors (LR115 - CR-39)
Radon dosimetry
Neutron dosimetry
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An electret is a dielectric material (Teflon) that carries a quasi
permanent electrical charge.

A disc of few cm diameter and few mm thickness is manufactured by
heating the material in the presence of an electric field and than
cooling to “freeze” electric dipoles in place.

With proper encapsulation, this stored charge may be stable over
periods longer than an year, even in presence of humidity.

The charge is measured using a portable charge reader.
The electret serves both as a source of electric field and as a sensor.
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RADON MEASUREMENT

Electret is placed in a conductive plastic
ionization chamber that acts as a
Faraday cage.

The positive charge of the Electret will
create an electric field that attracts free
ions to its surface.

Radiation entering the chamber causes | KirVoliiinie
ionization in the air volume, and the
ions produced inside the air volume are
collected by the electret.

The Electret lon Chamber
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The charge change (read as voltage
discharge AV) is proportional to Rn
concentration and background
gamma field.

It is the measure of the integrated

ionization over the sampling period.

e A
CF;,

V. +V,
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Electrets

E-PERM ELECTRET

ION CHAMBER

Rn 222

Electrostatic
field attracts

free ions which

reduce the
electret’s
voltage.

g and m depend on configuration (chamber, electret)

Decay of radon
produces radio-
active alpha

particles which
generate ions.
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Radon in the air
enters by
diffusion.
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Cis radon equivalent due to gamma, D is exposure lenght

Entry holes and
progeny filters.

Conductive
plastic Faraday
cage.

The electret, an
electrostatic
charged Teflon®
plate, is analyzed
for measurement
result.
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RADON PROGENY MEASUREMENT

An air-sampling pump is used to
collect the radon progeny for a known
sampling time on filter sampler
mounted on the side of an electret

ion chamber.

The progeny collected emits radiation
into the interior of the chamber.

The alpha radiation emitted by the
progeny collected on the filter ionizes
air in the electret ion chamber.

E-RPISU™
(Electret-Radon Progeny Integrating Sampling Unit)
Schematic

IONS

S

MARIE CURIE

E-RPISU
CHAMBER o= S &

closed

E-RPISU
CHAMBER
open
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Widely used for several applications:

*Radon measurement

*Fast neutron dosimetry
*Thermal neutron dosimetry
*Cosmic rays detection

LR115
Cellulose nitrate layer on a clear polyester base

CR-39
PADC- Poly allyl diglycol carbonate
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LR115 CR-39
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PRINCIPLE OF TRACK DETECTORS

When a ionizing charged particle
pass through a dielectric
material the transfer of energy
to electrons results in a trail of
damaged molecules along the
track particle

The track can be made visible by
etching in an acid or basic
solution
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*lonization
*Electrostatic
displacement
*Relaxation and
elastic strain
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ELECTROSTATIC
DISPLACEMENT

Formazione di una fraccia
secondo la teoria dellesplosione
ionica:

Si ha ionizzazione per interazione
con la particella,spostamento degli
ioni, e rilassamento del materiale
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Example of
after etching
track in a
LR115 film

16-Jun-2003 EHT=20 .60 kV I Probe= 100 pA
Detector= SE1 Mag= 11.79 K X 1pmn —_
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CR-39 detector irradiated by alfa particles (before etching)
Diameter of latent tracks is 70-100 nm. Frame is 5 micrometer (AFM).
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Example of
after etching
tracks in a CR-
39 detector
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13-Feb-2003 EHT =20 .00 kV I Probe 1600
Detector= SE1 Mag= 1.008 K X 16un —_—
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dE/dx

KaE ba

4

dE/dx threshold for
. damage production
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During the etching, material is removed at Vt velocity along the track
and isotropically at Vb velocity from the bulk material.

Principle of the track detector: Vt (track etch rate) >Vb (bulk etch rate)
The shape of the tracks depends on:

V =Vt (LET)/Vb

Incidence angle

LET = LET(y)

Etching procedure (etchant, temperature, duration)
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9
Pre-etching surface
Il X ‘
# ' VB .t
Post-etching surface Y . .
. Track is visible if

L(E. () =cos OV, (E.0)diV, -t

/,/jw,vw cosd j V, (E,t')dt-Vg -t >0

There is a limit angle: if 0> limit angle - no track
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Shape of the | Sp—

track as funtion

of incidence <D @ <
angle N
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ORIGINAL
SURFACE ORIGINAL

SURFACE o _
G' /cﬁ' ///

v
VotsL Y 1\ 28 ETCHED VI —
T l ! 3 | ) SURFACE —aq x’ X
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TRACK
20/
a b

Fig. 2-1. Track geometry with vp and vg constant and (a) a vertically incident
particle or (b) a particle incident at dip angle ¢. (After Price and Fleischer, 1971.)
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Variation of Vt along track path

14

um b 285MeV  4.0MeV
25 MeV ISMeV / 44McV4TMeV SS5MeV 63 MeV
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Variation of the track etch rate along the alpha particle trajectories:
Vt decreasing

ORIGINAL SURFACE gy
SURFACE AT TIME 1\\\\8\\\\

(le yT)

Formazione della fraccia
con \/T variabile
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Variation of the track etch rate along the alpha particle trajectories:
Vt increasing
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To understand chemical etching geometry think as Vt is the velocity
of the ship and Vg is the wave motion velocity in water
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Measure of Vb - Bulk velocity

Fission fragments tracks Vt >> Vg

V = Vt/Vg
D = 2h u =
V +1 Ei
If V>>1 then D=~2h h 7 v
T

h removed bulk material thickness
D track diameter (dip angle 90°)
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Track lenght as function
of etching time

" 1 1
7 8 9 h10

Fig. 4. Track length. Z. as a function of etching time, 1. for various initial alpha energies, W: (a) PATRAS;
{b) PM.

Radiation Measurements, Vol. 26, No. 1, pp. 51-57, 1996
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Track lenght as function
of etching time

B. Dorschel et al. /
Radiation
Measurements 37
(2003) 563 - 571

(b)
Fig. 4. Longitudinal section and top view of etched tracks of 90 MeV 7Li ions entering the detectors at =0
(left side) and = 40¢° (right side) for diferent etching times, t (a) t = 3:5 h, (b) t = 4:33 h. Magnification: 950.
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1.3 1.3

0o 02 04 06 08 10 12 14 16 18 00 25 50 7.5 100 125 150 175 200 225 250 275
etching time h particle peretration m

V=V(E,t) and V=V(E,x) functions calculated through the V=V(REL(E,X))
function for 1.2 MeV protons impinging perpendicularly on the detector
surface. The simulated etching conditions are Vb=9.8 um ht and 1.5 h of
etching time.
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CR39 detector analysis

Measure of track
parameters using
automatic systems

*Count the tracks

*Filter tracks

(reduce background)
*Calculate LET
(discriminate the
particles) and impinging
angle

I\ _l_!_l Gl Cim E:?’“;:u—J"; o 541

zzzzz

@‘ AIT / h%:% ( b o JABLOTRON M| . om @& ) s

e

30



IONS

é Track Detectors of

ARDENT o <

RADON DETECTION

Radon concentration measurement must be carried out on a long
integration time (several months) to smooth radon concentration
variations. The physical quantity measured is exposure (Bq*h/m3)

The most common radon track detectors are:

°[LR115 track detectors
*CR-39 track detector
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LR115 radon detector (ANPA type)

DOSIMETRO
7 “4
/ (— ~PELLICOLA
—)
N\ N
COPERCHI / VOLUME
LATO! ALLUMINATO N SENSIBILE
NN 3
Q 7
IZ-/} P PR /717] \
POLICARBONATO
@ gi_?é;’rg - . " ——
)V 1] %’f&@; ( b& sBLOTRON My am &) [y, HousTON UL
Fowel e




@/ Track Detectors

ARDENT

o

ACTIONS

2
>
]
m
0
=
D
m

LR115 radon detector
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LR115 reading: Spark counter

[Aluminum Mylar film
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LR115

q AIT %5 "’flg {b& JABLOTRON M . Qm@ﬂm _________ ‘ﬁ

HoUSTON LRSS SN )



IONS

é Track Detectors

ARDENT

S

MARIE CURIE

LR115 reading
Spark counter

@) AT a8

UHIVEREITY af GUO]T ﬂ%ﬁsﬁg&%@




IONS

é Track Detectors

ARDENT

£
£

MARIE CURIE

Spark counter

Aluminum Mylar film after
spark counter reading
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LR115 reading: T —
optical system " |

Objective
4x ~
Kind of analysis
LR11S 7
Action
Frame analysis =

Movement XY

Tracks appear as
white holes on dark
background

Tracks are
automatically
counted and area is
measured for

=
IIEIIIID
¥

Movement 2 position mm

11-0,10000¢
#/1479,00000
z|\|o,018000

Enumeration base

. . o
etchlng correction : o
[ ioz9x788 111 sbmage 48 Gr53,668) | IoRI@= 7 aolblelsleolel % e nar] |progressive enumeration

Exp. kKBa*him~3  U(95%)

o E‘“— !’5—'— ’th.lmbev of detectors.

0 — Triem~2 u(Trjemn2) rﬂb‘o a
Moment 3 o o Abort r liple scan
0 RInESralaE Tracks per frame Tracks count  Frame counter Scanned area cm”2 Runtime Trfcm~2 e Film CHIAZ C )
Ja1 lo lo lo Nal lo 0

["5! politracksabe. 1.1 51 Politrack_5.vi |2 frame LR Dosirad.doc...
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CR-39 radon detectors and optical reading system
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CR-39 radon detectors

*Exposure in ambient

*After exposure, the detector is chemically etched.

*Detertors are scanned by optical system and morphological analysis
of the track is performed

*The analysis allows to filter tracks (background reduction)

*The number of tracks from radon and daughters (Po-218 and Po-214)
is proportional to radon concentration
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Alpha tracks from radon and radon daughters in CR39 detector
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| Cross section
i R
} o -
acivit _ Original surface pgld 2B
_Post-ctch suface 7/ 7
. B

|| a-emission * Micr Ve

recorded at Oscope

4 ted Detector surface -@ ~
, energy Plateout of aerosol @ @

(a-emission recorded at full energy)

Alfa tracks from radon and radon daughters in CR39 detector
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Track Detectors

21
i *Po plateout Region of
¢ . airborne activity
P14 : Tos
Po plateout 2 5
5 -

0 5 10 15 20 25 30 35 49
Projected track length pm
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Tracks from plateout and airborne activity in bare exposed detector
Etching conditions: NaOH 25% w/v, 98°C, 60’
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CR-39 NEUTRON DOSIMETRY AND SPECTROMETRY

1. CR39 coupled to a Boron converter as thermal neutron detector
inside Bonner sphere

2. Use of recoil protons (radiator-degrader tecnique)

3. Calculation of particle LET and impinging angle with direct

estimation of equivalent dose.

HousTON LIS E N i
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CR39- neutron dosimetry — Bonner sphere (polyethylene neutron moderator)
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The neutron is detected by the 1.47 MeV alfa particle
Number of tracks is proportional to thermal neutron fluence (inside Bonner sphere)

CR39 Bonner sphere

10B(n,alfa)’Li

Boron converter
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CR39- neutron dosimetry — Bonner sphere

D= 332 mm

4x30x30 run

Moneta di
cadmio 2L em
diametro 10
mm spessore
' mm

Monete di Pb 20
mrm di diametro
e 10mmdi
spessore

Versione un rivelatore sensibilita 10 tracce/cm”2 per uSv

Versione 2 rivelatori Sensibilita 6 tracce/cm”2 per uSv
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CR39- radiation degrader neutron spectrometer

Neutron
beam 1. Radiator
> 2. Degrader (1) Recoil protons generated
3. CR-39 o :
> inside the radiator(external
S radiation component).
- (2) Recoil protons generated
- inside the detector(proton self
. 2 3 radiator).
(3) Carbon and oxygen recoil
Radiator: high density polyethylene nuclei generated inside the
Degrader: aluminium (purity 99%) detector (ion self radiator).
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CR39- neutron dosimetry based on LET spectrometry

d=2.h\/vsf”9‘1 . B
Vsing+1 —
2_
D=2.h YW 1
V-sing+1

D, d and h are measured

d= track opening minor axis
D= track opening major axis
h= removed thickness

iyl GUOIT WIaE
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By defining R=— r= K = 1+ r2
h 2-h 1-r?

It possible to calculate V and 6 from the track parameters

D d
2. 2.h

V =1+ R (K +1)? gzarcsing

Since relationship between V and LET is known, from LET and 6 we can calculate dose

D=2% _ (d%x)' X (d%x)' (%039) LET

m p-Al po-A-l p-A-Cc0sY
@Dy < R em—— o T
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Assuming n particles impinge on the unit area the dose (mGy) can be calculate using

D:lx1602x106z

P
And the dose equivalent (mSv) can be calculated by
1 LET,

H=>-.1602-10"°- n
Jo, izzllcos&i

LET;
COS J;

Q(LET,)

D e H are expressed in mGy e mSv respectively
LET is expressed in keV um - Q(LET) is the ICRP quality factor

p is the density of the material - p=1.31 g-:cm3 for CR-39

If a 1 cm PMMA radiator is used, H is a good approximation of H*(10)
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Relationship between V and REL - restricted energy loss (related to LET)

V=Vt /Vb = 0.93+3.14x10-3REL - 7.80x10-6REL%+1.11x10-8REL3-5.27 x
10-12REL*
33 MeV/cm <REL< 560 MeV/cm

and

V=Vt /Vb= 1.30+3.80x10-4REL+4.9x10-7REL?
for REL > 560 MeV/cm.

B. Dorschel, et al. 2002 Dependence of the etch rate ratio on the energy loss of light ions in CR-39
Radiat. Meas. 35, 287-292.
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808 k
o1 808 trk
0,2-
= Mj f & Eaipha =1.47 MeV
i -l Ejenium =0.84 MeV
0,0-} - ] 0,0-L .
25 50 75 100 125 150 0 5 10 15 20
track opening area (um~2) Minor axix (um)
808.tok
0,2 16,0-
9 - Mean LET Mean LET
2 Ly lon
g =2 meas calculated
= [ Alfa 220 keV/um 250 keV/pm
L« - k\“’k Li 400 keV/um 280 keV/um
0.0- N T ] 0,0 e ‘
0 5 10 15 20 10 100 694,359
Y} Mean LET in cr39 keV/pm

M. Caresana et al. Study of a radiator degrader CR39 based neutron spectrometer NIMA 620 (2010), p.368-374
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LET measurement Am-241 and Uranium
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04_1741-“ |
_ ' o Am-241 E=5.5MeV
5 g Etching 60’
£ : Removed thickness 10 pum
& Avg LET measured 130 keV/um
5 1) - o ol h | Avg LET calculated 140 keV/um
’ 1 \j ’ ' N Mean LET inI[::Or39 keV/um o
Lo R Unat E;=4.2MeV E,=4.77MeV
. o Etching 40’
% JH\HL k& Spessore rimosso 6.7 um
E Source Mean LET meas Mean LET
T JJ calculated
B T B wo|  U-234 145 keV/um 148 keV/pm
Mean LET in cr39 keV/um

U-338 170 keV/pum 187 keVV/pm

LT
N
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