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In principle, all reactions previously discussed could be applied to detect fast neutron well,
however, the probability that a neutron will interact by one of these reactions decreases
rapidly with increasing neutron a result, conventional bare BF; tubes have an extremely low

detection efficiency for fast neutrons and consequently are almost never used for this
purpose.
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Cross section versus neutron energy for some reactions of interest in neutron detection.

So we prefer to use the same counters but inside a moderator assembly.
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COUNTERS BASED ON NEUTRON MODERATION
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There are several effects to take into
account. As the detector become a
smaller and smaller fraction of the
total volume of the system, there will
be a lower probability that a typical
neutron path will intersect the
detector before escaping from the
surface of the moderator. i

Furthermore, a neutron may be O Tt
absorbed within the moderator before
it has a chance of reaching the
detector. The absorption probability
will increase rapidly with increasing
moderator thickness because
absorption cross sections generally are
larger at lower neutron energies.

Schematic representation of neutron histories in moderated detectors. The small thermal neutron detector at the
center is shown surrounded by two different thicknesses of moderator material. Histories labeled 1 represent
incident fast neutrons That are successfully moderated and detected. Those labeled 2 are partially or fully
moderated but escape without reaching the detector. History 3 represents those neutrons that are parasitically
captured by the moderator. Larger moderators will tend to enhance process 3 while reducing process 2.
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Quantities in Radiological Protection
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The ambient dose equivalent, H*(d), at a point ICRP Publication 103
in a radiation field, is the dose equivalent that
would be produced by the corresponding expanded
and aligned field, in the ICRU sphere at a depth, d,
on the radius opposing the direction of the aligned

field.
Unit: Jkg!

The special name for the unit of ambient dose
equivalent is sievert (Sv).

Table B.5. Application of operational dose quantities for monitoring
of external exposures.

Task Operational dose quantities for

area monitoring individual monitoring

Control of effective ambient dose personal dose

dose equivalent, H*(10) equivalent, H,(10)
Control of doses to directional dose personal dose

the skin, the hands equivalent, equivalent, H,(0.07)
and feet and the H'(0.07,Q2)

lens of the eye

The personal dose equivalent, H (d), is the
dose equivalent in soft tissue, at an appropriate
depth, d, below a specified point on the body.

Unit: J kg1

The special name for the unit of personal dose
equivalent is sievert (Sv).

The definition of operational quantities

The directional dose equivalent, H'(d, ), at a H*(10), Hp(10)

point in a radiation field, is the dose equivalent . - -
that would be produced by the corresponding Practical problems in the instrument

expanded field, in the ICRU sphere at a depth, d, design and calibration
on aradius in a specified direction, (2.

Unit: Jkg1

The special name for the unit of directional dose
equivalent is sievert (Sv).

Roma 17-18/4/15 Master Il livello “Sicurezza nel campo delle Radiazioni lonizzanti, ~ Dr Adolfo Esposito
Radiazioni Non lonizzanti e Risonanza Magnetica lonizzanti” adolfo.esposito@Inf.infn.it




Roma 17-18/4/15 Master Il livello “Sicurezza nel campo delle Radiazioni lonizzanti,  Dr Adolfo Esposito

Radiazioni Non lonizzanti e Risonanza Magnetica lonizzanti” adolfo.esposito@Inf.infn.it




q factor

Radiation welghtin

ol
«9 T 1 T T 1 T T T T
4
4
4
4
20 4
4
4
15 -
4
10 -
1
5 4
4
p
4
0 PETRTTTS BN PR T SRS BRI TIT BRPRPPTTSS PR SR T SRR Sy

10" 10° 10 10"

10 10" 1w*' 10 10° 10 10°
Neulron energy / MeV

Roma 17-18/4/15 Master Il livello “Sicurezza nel campo delle Radiazioni lonizzanti,

Radiazioni Non lonizzanti e Risonanza Magnetica lonizzanti”

25; ! 1 1 | | | 1 ] . 1 1 1 )

B E — ICHRP &0 - )

‘2 20 ¥ sinllo —sy ,

o weeses (@LOMMaNdad ! & .

e r ] \'i ‘

E 15 _ .': 5 J

g | 19 i :

: i\ :

% 10k ) E

: | :
m 5 e 'l’

E"'..t.'ot'o'lt--o"ﬂ""". - "'0"'3

! '

0 SPPUIS EPURNSS SRR RTINS RTINS STV SETTSS SIS SRS W

10" 10* 10* 10® 107 10" 10° 10' 10" 10" 10
Neutron energy / MeV

Dr Adolfo Esposito

adolfo.esposito@Inf.infn.it




e bremsstrahlung photons

— research facilities

- medium-energy cyclotrons and synchrotrons for advanced radiation
therapy with protons or light ion beams (E > 200 MeV)

e photons, charged particles
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Active instrumentation

Passive detectors
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E max

H*(10)= [ ®,(E)hy(E)dE

*

ha

» Deriving ®(E) by means of spectrometric techniques

» Using an instruments with flat energy response in terms of H*(10)
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Dosimetry of neutron radiation

This last approach is possible in a limited energy range.

Due to high energy variability of the fluence-to-ambient dose-
equivalent conversion coefficients and the diversity of the
interaction mechanisms in the human body and the dosimetric
material, the instruments responses usually show a very important
energy dependence.

Moreover the energy neutrons in the workplace fields can range
over 10 order of magnitude
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Absolute neutron fluence response of the of the rem counters

LINUS and SNOOPY

LINUS (extended range)
Long Interval NeUtron Survey
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Birattari, Esposito, Ferrari, Pelliccioni,
Silari, NIM A324 (1993) 232-238

Birattari, Esposito, Ferrari, Pelliccioni,
Rancati, Silari, RPD 76 (1998)
135-148
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Dosimetry of neutron radiation

An accurate determination of H*(10) in workplace field of unknown direction
distribution can be achieved through the use of suitable neutron spectrometer.

@ Neutron scattering and measurement of the energies of recoil nuclei.

¥ Measurement of the energies of charged particles released in neutron-induced nuclear
reactions.

¥ Methods in which the velocity of neutrons is measured TOF

@ Threshold spectrometry

Foil radioactivation

Recoil Proportional counter

Superheated drop (bubble)
He-3 Gridded lonization Chamber

Recoil Proton Telescope

Neutron Energy (MeV)
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A NEW TYPE OF NEUTRON _SPECTROMETERT

€ The most used neutron spectrometry technique in workplaces is the so
called Bonner Sphere Spectrometer (BSS).
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Neutrons are datected in a small Li*I(Eu) scintillator placed
at the center of polyethylene moderating spheres with sizes
ranging from 2 to 12 inchesin diameter. The efficiency of this
neutron counter has bzen experimentally determined using
monosnergetic neutrons from thermal energies to 15 MeV.
The counter has excellent energy sensitivity from 0.1 to
9 MeV and is particularly useful for determining the shapes
of continuous neutron spectra. The pronounced difference in
the efficiencies for the five sizes of spheres which have been
calibrated provides a basis for accurate neutron energy
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determination. The good y ray discrimination of the counter
allows it to be used with a radium-beryllium neutron source.
Neutron spectra from a variety of sources have been deter-
mined with this counter. These include the two groups of
neutrons from the C'4(p,n)N4 reaction, the evaporation
spectrum of the neutrons from the reaction Rh103(p,n)Pd1o3,
the energy spectra of inelastically scattered neutrons, and
the neutron spectrum from the scattering of fast neutrons
by the floor and walls of a building.
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The response functions of the active ERBSS were calculated with MCNPX Monte Carlo transport
code.

The data were interpolated to produce a response matrix with 120

logarithmic equidistant intervals from 1.5 meV to 1.16 GeV.

The response matrix of the
ERBSS was validated in
reference neutron fields
(PTB, TSL) and its overall
uncertainty was estimated
tobeo = +3%.
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The response functions of the high-energy spheres.
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Uncertainty calculation

I N 09/04/2008 11.44 = . 2,0E-1 -
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The “unfolded counts” are
calculated by applying the
response function of each
sphere to the spectrum
unfolded with FRUIT.

The maximum difference
between “measured” and
“unfolded” counts is 3%
(7”+Pb).
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Comparison between measured and unfolded sphere counts,
for the different spheres.

Roma 17-18/4/15 Master Il livello “Sicurezza nel campo delle Radiazioni lonizzanti, ~ Dr Adolfo Esposito
Radiazioni Non lonizzanti e Risonanza Magnetica lonizzanti” adolfo.esposito@Inf.infn.it



g : Gas nict gV [\
[ an Y

e
| . / 3 Helix
| J ~,:.'
il | Anode
! 3'\ R Gas
a1 3 I . Outlet F
' l
‘, Cathode |
contact ~ “~Anode contact

Roma 17-18/4/15 Master Il livello “Sicurezza nel campo delle Radiazioni lonizzanti,  Dr Adolfo Esposito

Radiazioni Non lonizzanti e Risonanza Magnetica lonizzanti” adolfo.esposito@Inf.infn.it




Roma 17-18/4/15 Master Il livello “Sicurezza nel campo delle Radiazioni lonizzanti,  Dr Adolfo Esposito
Radiazioni Non lonizzanti e Risonanza Magnetica lonizzanti” adolfo.esposito@Inf.infn.it




