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The role of neutrons in medical physics

 Neutral particles: can penetrate deeply
« Very sensitive to hydrogen
 Neutrons can activate other atoms!

N

Pro: Can be used Cons: Risk of 1,
to produce medical secondary dose to Vi
radioisotopes the patient

Paper/Skin Aluminum Lead Conc‘rete

Neutrons can activate:
* Atoms inside the patient e Atoms in medical  Atomsin air!
equipment and shielding
H(n,y)?H 40 41
(n,y) o(m,n'"'0 . Ar(n,7)* Ar
14N(n,p)t*C Al(n,~v)=° Al
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The role of neutrons in medical physics

LINAC for radiotherapy

o Secondary neutrons
produced by
photoproduction

N-14(v,n)N-13 10.55

Reaction Threshold (Mev)

0O-16(~,n)O-15 15.67

C-12(y,n)C-11 18.72

Proton therapy

Sprend of Bragg Peak
N1 [ === Neutron dose is
N negligible when using a
pencil proton beam, but
not with passively

scattered proton beams.

Neutron capture therapy

YB(n,a) Li

Reaction products
destroy cancer cells

Radiation protection safety
measures in other applications:

— o
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The role of neutrons in medical physics

Thermal neutron Cross Sections (TCSs) are a fundamental ingredient for the simulation
and design of medical equipment pap

Monte Carlo Methods
Monte Carlo transport simulations for Particle Transport

Safety measures have
to be tailored to each
specific case, taking ‘ = -
into account both the 6 Geant4 == MCH
medical device and FLUKA

its sorroundings

LEN

%
—Z

MC codes require

Simulations are accurate models for

Een;ormed to establish particle cross sections Rl
oth design and

operating mode of d*c neutrons scattered per second s

the device dQdE" O(E)dQdE’ S
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The role of neutrons in medical physics

When operating a LINAC air activation needs to be taken into account 4OAI'(H,Y)41A1'

6.0 Gy/min 0.3 Gy/min T
10000 500 T ek ko kK KRk ok k k ok kK Kk ok ok ok k ok 18 Ar41(1.83h) 2402
? \ F :
1000 i e — 50 ETW \\ B 0.815 MeV \\
" 1 < 1300 N 1.198 MeV' 0.05%
ﬁ" P ' § 99.16% — 1677
- ‘ £ 1100
> 100 15 E | 3
g f - - B 102 Meo) = 1.294
5 e . $ | 0.79% \ Y Y
P r - areange ||\ 08 1 \ 1204%8V || 1677 keV
g — 13\ - air exchange: 8 h-! §n % \ 99.16% 0.05%
5 1 :zo-rpalremhange 1 . | 0.05 2" 00
- e oot s 0 19 K 41 (stable)
— MAr- air exchange: 8 h! : % ‘ ‘ ‘ ‘ ;
0 20 40 0 20 4I0 60 0 50 100 150 200 250 300 350 400 450 500
iradiation time t;/ min cooling time t./ min A —
Latifah, R & B N han. (2018). Th ] j
“On the neutron radiation field and air activation around a medical atifah, . “ unawgs, & Noor, j.o an. (20 .8) e estimation of
electron linac” Felix Horst et al. (2016) occupational dose in 15 MV varian clinac iX room by Argon-41 as an
) activation product of photoneutron. Journal of Physics: Conference
Series
Discrepancies with experimental results are often Barker JG, Mildner DF. Survey of
. Y . e 5° background scattering from materials
attributed to uncertainties of air humidity, however, ‘ found in small-angle neutron
molecular motion is not taken into account! scattering. J Appl Crystallogr. 2015
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Thermal neutrons interactions

The cross section of diatomic molecules such as N, and 0, depends on multiple degrees of

freedom, and is not well approximated by a free gas model. Diatomic molecules can:

rotate about their centre of mass vibrate along their axis flip their spin and move in space

: : : Neutron Transmission
The cross section of diatomic molecules I

/\Diffusion
Pho

J. A.Young and J. U. Koppel. Slow Rotations

neutron scattering by molecular :
hydrogen and deuterium. Phys. Energy transfer, hw
Rev., 135:A603—-A611, Aug 1964. 0
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can be calculated using the Young and Zero-Point

Koppel model

Intensity
Vibrations
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Thermal neutron cross section of N,

I T TTTTT I T T TTTT] I T TTTTT] ] T TTTTI

We performed the calculation of thermal

=
: . : = 70| S Free gas N
neutron cross section of diatomic molecules = v 1Y, 1
that are abundant in air < ouug an . opPpe
g 60 - . Melkonian =
3
Neutron scattering cross section was Sl B
estimated using Young and Koppel %
model, and compared tothe free gas e
model and to experimental data from o 40 |
o
1955. =
s 30 .
78]
Melkonian, E. Slow neutron 2
velocity spectrometer studies of 8 20 + - —- —
02,n2,a,h2,h20,andseven O Lol L1l Ll R
hydrocarbons. Phys. Rev. 76, 100 101 102 103 104

1750-1759
E (meV)
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Thermal neutron cross section of 0,

Molecular Oxygen

Young and Koppel model was not enough to Py T T T mmaay
reproduce 0, cross section: Its paramagnetic 2 9 ——  Free gas
. . ] ]
behaviour need to be considered. = e YK
Magnetic Scattering of Slow Neutrons g - YK—I—magnetlc
from 0, GasKleiner, W. H. Phys. Rev 1955 = . Melkonian
L2
G 4 [ T T T !f\}] T T T \-WWf![ - 'f T T T 1 11T] \-‘ 15 x Palevsky
-E —_— Magnetic contribution AO g
[=] Magnetic contribution MO T
'i(ﬁ . Palevsky experimental data (1955) g
g 3 - X Kleiner theoretical points (1955) | -
: :
\
g 20 : gE
£ é 10 -
o
Al . 2 1t - 0
2s 2s &) 7]
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Thermal neutron cross section of air

:l‘ﬂ 9 --- Free gas dry i
Air composition was approximated as: Gl - - - Free gas 56.5% humidity
Isot 1% in dry ai 1% in hydrated air _ Reacti Absorption XS (barn) 5 YK dry
S0LO mo mn da1ir mo mn il dir cacliion S0 101 L =} 3 . 1
MN B 0.7848 n?':gﬁ MN(I‘I,’}')]SN T 0.075 'g 1 5 l\\ - YK 565% humldlty |
. - 14 14 @ -J N
| 0.2064 in O, ,ﬁN(n'p)nC 84 3
1°0 0.2105 0.0065 in H,0 O(n,p'"'0 0.0001 z
H0Ar 0.0047 0.0046 WAr(n,y)* Ar 0.66 5
'H 0 0.0129 "H(n,p’H 0.3326 © 1
o
s
%
* Mole fraction of water vapour was S
calculated according to appendix A.1 of = 05
https://www.nist.gov/system/files/docume = | l , |
nts/calibrations/CIPM-2007.pdf 100 101 102 103
Parameter Value E (meV)
Air Density | 0.001225 g/cm’
Humidity 56.5 %i We found that air cross section is strongly
Pressure 1.013 x 10° Pa affected by molecular rotations!
Temperature 293.6K
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Measuring neutron cross section of air

Wews] o\ 4

= 7. VESUVIO spectrometer was employed to perform transmission measurements

b

4— T T ] T FF T+ T T =T T T 1 T1H
o s e Experimental results are —— Free gas 56.6% humidity
3 P s in good agreement with ‘ —— YK 56.6% humidity
our model 5 — Air XS 2024

Temperature (°C) Humidity (%) v
24 — T T T &~
S
o
[EI
— Humidity 2 .
23| a4 |
22 + 1k —
- 50 [ I I | L [ L 11 1l
J Temperature 100 101 102 103
21 ] I | | | | 48
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Time (hr)
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Conclusions and outlook

* The Young and Koppel model, together with the paramagnetic model,

proved to better estimate the Total cross section of Air at a given humidity
percentage.

 This model will be used in Geant 4 transport simulations with the use of the
Ncrystal toolkit, to establish its impact on Ar-40 activation.
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