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Solid-state nuclear track detectors (SSNTDs):
History

D.A. Young observed pits in LiF crystals tracks from fragments of
Uranium fission after chemical treatment (Nature 182,1958,375).

E.C.H. Silk and R.S. Barnes used the transmission electron
microscope to investigate tracks of heavy charged particles in mica
(Philos. Mag. 4,1959, 970).

R.L. Fleischer et al. applied the method to mica and to other
materials like minerals, plastics and glasses (Annu. Rev. Nucl. Sci.
15,1965,1).

Review book: S.A. Durrani, R.K. Bull, Solid State Nuclear Track
Detection. Principles, Methods and Applications, Pergamon Press,
1987.
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SSNTDs : Basic principles

 Extensive ionization of the material.
(6 MeV alpha particle produces 3—4 ion pairs per nm).

Triggering of some chemical processes -
free chemical radicals and other chemical species
(Latent track).

Latent tracks have different chemical properties than
the bulk material.

The “track” can be enlarged by chemical etching to
be seen under an optical microscope.

The effect exists in many materials. It is particularly
pronounced in materials with long molecules.

Also seen in some amorphous materials (glasses).
However, only dielectric materials.
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SSNTDs : Track geometry
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* It is analogous to wave propagation.

The Huygen’s Principle — each point in
the wave front is the source of a new
spherical wave.

Track development — a hemisphere with
a radius h = V,t(tis the etching time) is
formed around each point on the
detector surface, except in the direction
of the particle path where the etching
progresses with the rate V..

Process is governed by the ratio
P=V,/V,
(Reduces etch rate or sensitivity)

Opening angle:
e sind =1/P
Critical angle of registration:
«sin@>V,/V,=1/P
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SSNTDs : Materials

Only dielectric materials show the track effect.

In conductive materials the process of recombination occurs and the latent
tracks are not stable.

Some natural materials that show the track effect: apatite, mica, olivine,
etc.

Artificial materials (polymers and glasses):

Cellulose nitrate — (C20H16N4)n — LR-115 Kodak

Polyester — (C10H804)n — Mylar (DuPont)

Polycarbonate — (C16 H14 O3)n — Lexan (SABIC Innovative Plastics’),
Makrofol (Bayer AG)

Polyallyl diglycol carbonate — (C12H1807)n — CR-39 (PPG Industries) —
Tastrak (Track Analysis Systems Ltd), PM-355, PM-500, PM-600 (Pershore
Moulding Ltd. ), Intercast, etc.

The CR-39 was discovered as a detector in 1978 and nowadays is one of
the most commonly used nuclear track detectors. It is a clear, colorless,
rigid plastic.

16.02.2010 GRANIT 2010 6



SSNTDs : Bulk etch rate — V,

Can be easily obtained by direct thickness measurement, weight measurement,
or measuring of the track diameter for highly ionizing particles.

Vi, :ﬁBCHB e—::/k?

T is the temperature,

Cis the concentration of the etchant in the
unit of normality,

k is the Boltzman’s constant.

fg = 8.2 x10" pym/h,

ng= 3/2

&£ = 0.88 eV are the constants obtained from
fitting for CR-39

NaOH water solution | Temperature | Bulk etch velocity
6N 40 °C 0.1 um/h
6N 50 °C 0.3 um/h
6N 60 °C 0.65 pym/h
6N 70 °C 1.2 ym/h
7.25N 70 °C 1.73 pm/h
8N 80 °C 4.2 ym/h
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SSNTDs : Track etch rate — V,
Restricted energy loss (REL) criterion

(E. V. BENTON and W. D. NIX, NIM 67 (1969) 343-347)

Latent tracks are formed when the energy density in the immediate vicinity
of the particle trajectory exceeds a critical value.

part of the energy is taken by energetic &-electrons which can then go far
away from the trajectory and does not take part in the formation of the latent
track.

REL is the fraction of the electronic energy loss which leads to 6-electrons
with energies lower than E,_,, where E, ., = 200 eV for CR39.

For the calibration of the detectors it was assumed that the response
depends only on the REL.

2 7 2 2 n2 EE 2
REL=(51£) =4nNar§mEcﬂ(f) —[h](\/m*"ﬁ 2 m“)-ﬁ-—-‘i .
de /p<g__ gl A 4 2 2
Programs: SRIM (J. F. Ziegler et al.)

StopPow (B. Dorschel , J. Henniger)
p=a;(REL)® + a3 (REL)* + ag(REL)" .
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SSNTDs : Restricted energy loss (REL) criterion
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Fig. 4. — Measured reduced etch rate p vs. REL for high-velocity ions and v»s. S, + S, for
low-velocity ions; the solid line is the best fit through the relativistic data points (black cireles).
m Be (100400keV); & Si (200-400keV); o0 H (50-200keV)y; A D (50-200keV); o He
(6-10 MeV).
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SSNTDs : Applications

What we can obtain from SSNTDs ?:
Events counting, intensity measurement
Space distribution, coordinates, angles
Spectroscopy: Energy and Particles identification

NUCLEAR PHYSICS: For identification of products from some reactions in high and low
energy physics.

COSMIC RAY PHYSICS: Tracks of cosmic rays in natural minerals with dominant
orientations. Possible particle identification. Also observed in meteorites.

SEARCH FOR MAGNETIC MONOPOLE: MACRO, SLIM experiments etc.

RADON MEASUREMENTS: Radon monitoring, radiological protection, geology, earth
sciences, seismology

NEUTRON DOSIMETRY AND REACTOR PHYSICS: for the fast neutrons --registration of
recoil protons, for slow neutrons — using of some converter

FISSION TRACK DATING (GEOCHRONOLOGY) : Spontaneous fission of 238U occurs
with a small probability. Some natural minerals contain certain amounts of 238U and
can store the tracks produced by fission. As the number of tracks grows with the age of
the minerals, the latter can be determined based on the known 238U concentrations .
ELEMENTAL ANALYSIS: concentration and distribution of a number of elements
(uranium, plutonium, thorium, polonium, bismuth, lead, boron, lithium, etc.) in materials.
LITHOGRAPHY USING HEAVY IONS, PRODUCING MICRO FILTERS.

HEAVY ION RADIOGRAPHY of micro and macro objects (with relativistic ions)
MEDICINE AND BIOLOGY.
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SSNTDs for UCN detection in GRANIT:
Requirements

UCN

1. Size ~30cm x ~100um:
not a problem

2. Resolution ~1 pm in vertical direction: ) converter | ¥ .1
in principal not a problem, but thickness the | ¥, emoved
converter plus depth of the removed \ surface
surface layer during etching should be in i
total ~ resolution.

3. Efficiency at least > 10%:
absorption cross-section and thickness of
the converter,

4. Low background <103-10% track/cm?:

A=(d+h)/tg(6)

reported values always <102 track/cm?
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(efficiency, thickness, critical velocity, efficiency of registration of

SSNTDs for UCN detection:
Choice of converters

secondary particles in plastic)

Secondary Range in REL P 0.,
particles CR-39 (um) | (MeV-cm?g?') | (V/V,) °)

6-Li | 4-He (2.05MeV) 8.9 ~2000 ~3| 19

3-H (2.73MeV) 53 ~200 ~12| 56

10-B | 4-He (1.47MeV) 6.5 ~2000 ~3| 19

7-Li (0.84MeV) 3.3 ~3500 ~5| 12

235U | Two FFs (~90 MeV) ~15-20 ~50000 ~20 3
Compaund (o} n no Efficiency Vit

(b) (102%/cm3) | (um’) | of 0.5 um | (m/s)

6-Li | LiF 414000 0.50 2.1 65% 4.6

o

10-B (B O 1688000 116 | 19.6 100% | 2.9

B,O, 0.36| 6.1 95% | 4.7

2350 N 258000 0.49 | 1.26 47% | 5.1

UFN\ 0.13| 0.34 16% | 4.6

\)
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SSNTDs for UCN detection:

Choice of converters
=3 % P= 5// P=15

Secondary Ra;é/ /( REL P 0.,

particles CR-39/(ym) | (MeV-cm?g (V/V,) °)
6-Li | 4-He (2.05MeV) /// 89 ~2000 -3 19

3-H (2.73MeV) /// 53 ~200| 12| 56
10-B | 4-He (1.47MeV) /// 6.5 ~2000 ~3| 19

7-Li (0.84MeV) /4 3.3 ~3500 ~5| 12
235U | Two FFs (~90 MeV)/f  ~15-20 ~50000 ~20 3
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SSNTDs for UCN detection:
Problems and difficulties

<
«

~100 i

« Coating of plastic with converter: adhesion and homogeneity.

So far we use vacuum evaporation of converter material with thin sublayer of Al

- Deformation of the detector between exposition an reading: bending during etching up
to few tens of microns .

Preetching before evaporation helps. For high statistics it is possible to make
corrections, f. ex., by determination of the mean value of distribution in the individual
vertical slices

» “Proper” etching procedure: should make tracks optically well visible, but keep surface
“walk” within reasonable ~0,5 yum. For Uranium it is easy.

« Vacuum degradation of the detector sensitivity: it’'s a known problem that for latent track
formation the plastic should contain some dissolved O,. Practical time constant of the
O, outgassing ~ few hours.

* Reading procedure: precise and not very time consuming. It is the big problem so far.
With proper automatic image analysis one can even make correction for the “walk” of
coordinate from the track geometry.
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SSNTDs for UCN detection
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SSNTDs for UCN detection
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Conclusion

« We consider that SSNDs from CR-39 can be used as
position sensitive detector in GRANIT experiments

« 235U (tetrafluoride) and 10B are the most suitable
converters. And CR-39 is the best choice for the
detector material.

« The main technical problem which should be
solved is automated image analyzing system.
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Position-sensitive gas avalanche
counter of UCN
with 50-100 um resolution
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Operating principle

LiF converter
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Special IC control

Cathode — Si 400 um. Anode strips 50-100 um width — Ni on ceramic or glass plate. Gas gap
~500 um or less. GAS AMPLIFICATION ~ 104

If the gas amplification is high and homogeneous it is possible to put a proper threshold so
that only strip directly in front of entrance point will be triggered.
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Tests
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KonsepTop LiF

Konnumartop 50 mem Cd

WwvpuHa kadHana 100 mem
IpdperTmeHocTb 1-2 % (gna A=0,17 Hm)
lazoBwIA npomexyTok 600 mKm

laz Ar/Co2(0,7/0,3)

12 3 4 5 & 7 & 9 10 11 12 13 14 15 16 17 18 19

Converter LiF (6-Li) ~ 1 pm.
One channel (one strip) — 100 pm.

Image of ~ 50 ym diaphragm made of Cd in thermal neutron beam

Gas gap 600 pm. Gas mixture Ar+C02 (0,7/0,3)
Efficiency of 6-Li products registration close to 100%
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