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Abstract

We employed FLUKA Monte Carlo'cade along with the simulated photon flux for a
beamline at the Canadian Light Source iniconjunction with a CO, laser system.

The photon intensity can not be modeledfin ELUKA yet. S. Daté from Spring 8, Japan,
simulated the photon flux for. the laser back scatier; systems at the CLS. Klein-Nishina
formula was used to calculate back scattered photons energy distribution.

This calculated parabolic shape of photon energy distribution'is notincluded as a
standard shape of source in Fluka. Therefore user routine needs to be used in
modeling transmutations for-this source. Alternatively one can use FLUKA to calculate
transmutations for,a narrow:energy width (for which the standard source can be used)
and integrate them oyer:the whole energy range. The induced activities (of **Mo, 1%4Ir,
and '%Au ) were calculated using Bateman equations (implemented in EXCEL) and
weighted according tojtfie'shape of the source residuals (obtained by FLUKA).
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Purpose of this work and introduction

 Shortage of medical isotopes — call for alternative production methods
 Most widely used ®*Mo -> ®¥mT¢ (~35 common radiopharmaceuticals)

Each diagnostic uses few GBq
(1GBq = 0.027 Ci)

h I

« EPAC 2000 Vienna, world uses: 150,000 Ci/year

* Proton cyclotrons located close to hospital can supply average usage: e.g. at
CHUS, Sherbrooke 10 Ci/week of ¥mTc

» ¥MTc is short-lived (T,,, = 6.0058 h) therefore *Mo (T, = 65.94 h)
needed for remote, small hospitals



['Y OF SASKATG L H U

'
U =

Artificial transmutation (phos



<
o
=
;G)
B=.
(D)
c
L

100 150

Atomic mass



' 10Mo (y,n) PFmo.
v 193, 4192

o 1970 (y,n) P0Au

7]
=
S
98]
=,
7]
c
9
)
(&)
«5)
0p]
1%9]
0]
(@)
S
@)

Incident Energy [MeV]

http://www.nndc.bnl.gov




g

LINAC ~ NRC (Bremsstrahlung)

e Electron’s current:

Tungsten

43 nA: 27x10%3 e/s
Pin beam 35 MeV

dI'dE (photons leaving converter) pe




April 2010 Canadlan Light Source workshop

http://physics.usask.ca/~chang/department/index.html

CLS equipped with a CO, laser back scatter system to test the feasibility of
application of photo-nuclear transmutations.

Discussion and collaboration with international community (Japan (JAEA),
USA).

Achievable at CLS maximum photon energy (Compton back-scattering at
0 degree incident angle): 15 MeV for 2.9 GeV electron beam energy.

Intensity (Date’): 10'%s for 1 kW CO, laser, 250 mA electron beam current;
maximal (~P1,): 10'?/s (50 kW, 500 mA). The highest ever reached by
Duke HIGS FEL: 2x10%s.



GDR transmutation (CLS) maX|mum |nten3|ty
limitation

6 x 102 atoms in 1g of Mo

Even maximal 101%/s photon intensity can only
transmute very small fraction of atoms,
therefore one can neglect interaction between
particles produced in each transmutation!




FLUKA Photon mduced act|V|ty
(multiple targets by H. Ejiri)

100Mo/Pb geometry

Chary’s
safe parameters
for CLS used:
200 mA electrons
and 1kW laser
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S. Date’
photon
flux simulations
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(Partially from Wikpedia)
Compton scattering formula:

-
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N—A= (1 — cos#), ANANN
MeC
A is the initial wavelength, A'is the wavelength after scattering, m, is the mass of an electron

Klein-Nishina formula (differential cross section of photons over solid angle: dQ = 21rsin8d6):
do 1 5, 2 -1 2
E - ia TCP(E“.-’!E) (P(E“hﬂ) + P(E““B) — 1+ cos (8))
where a is the fine structure constant, . = h/mec is the compton radius of the electron, 8 is the scattering angle .
P(E 6') _ 1 is the ratio of photon energy after and before (E,, ) the collision
v

B 1—|—me$;(1—¢053}

By combining the Compton’s and Klein-Nishina’s formulas one can calculate the energy
(E’=hc/N\’) distribution of scattered photons.

Compton e-ph backscattering from relativistic electrons (CLS)

Using invariant differential cross section for Compton scattering (Mandelstam
variables) the energy distribution of backscattered photons was calculated by
S. Date’ (Spring 8, Japan).



http://en.wikipedia.org/wiki/File:Compton-scattering.svg

Simulated by S. Date Sprln 8 Japan photon |nten3|ty for
the CO, laser back scatter systems at the CLS
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Residuals per photon per cm?®

Residuals of target nr. 1 per cm® per 1 MeV photon
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FLUKA hybrid simulations of induced activity of **°Au (**'Au (y,n)**°Au)
(Effective flux (4 MeV window) produced by 200 mA electrons (CLS)
and 1 kW laser; 3.43x10° photons/s)
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FLUKA hybrid simulations of induced activity of **Mo (***Mo (y,n)*’Mo)
(Effective flux (4 MeV window) produced by 200 mA electrons (CLS)
and 1 kW laser; 3.43x10° photons/s)
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Photofission versus GDR transmutation

Szpunar B., Rangacharyulu C., Date' S. and Ejiri H., 33" Annual Conference of the Canadian Nuclear
Society, Saskatoon, Canada, 3A/138, June 10-13 (2012)

Photons Fission yield per one photon [Nuclei/cm?] B-yield
(16 MeV)

Target | %©Mo(42) | %Kr(36) | %Rb(37) | %Sr(38) | 9Y(39) | %Zr(40) | %Nb(41) | *Mo(42)

238y 1.17x107 | 8.32x10® | 3.94x106 | 1.83x10° | 6.47x10° | 3.46x10° | 6.15x10° | 1.28x10*

Errors (%) |  20.2 20.5 2.1 1.1 0.9 0.7 2.3

14.8 MeV

Produced Isotope (reaction) Yield [per one photon/cmd] Error [%]

(n,y) °'Mo? 3.65 x1006 12

(V.68 ) giomic °°Mo 7.85 x1005 04

(y,n) %Mo 1.31 x102

(v,2n) %Mo 6.06 x103

#Secondary neutron capture




Summary and conclusion

» FLUKA simulations show that the production of the desired
isotopes via GDR (photon) are orders of magnitude higher
than the other isotopes, indicating this technique to be
promising method for artificial transmutations

* Applications
* Production of medical and industrial isotopes
* Induced transmutation & photofission as a source of neutrons



Acknowledgement

Access to FLUKA code

FLUKA developers and support group (especially
Francesco Cerutti)

V. Vlachoudis for. FLAIR graphic interface with FLUKA
C. Cederstrand for technical support

Science and Engineering division for start up fundingjand
support



o

— A"-&ﬂ!\*m(’miﬁ(w' A SR g o SO T 5, S A ST WO PO 0

0 TR T T RN, TR

147
ke

¥

attention

A g k2 {
 ae ’

. R i RS N Vi

AL ,. o 2\, ¢ ‘ j f:'




