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161Th is a clinically interesting isotope for theranostics
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Motivations: Terbium-161

e Chemically similar to Lutetium-177 (used in theranostic as y and B~ emitter)

* Similar half-life T,,, = 6.9 d (against 6.7 d of Lu-177)

In addiction to being a y and B~ emitter (like Lu-177), Terbium-161 is also an emitter of
Auger and conversion electrons;

The higher LET (compared to Lu-177) can be effective in reducing the survival
probability of tumors cells.

9/27/2022 Mario Mastromarco @ ND 2022, USA



Motivations: State of the Art

Exp. Data and Main Evaluations

Cross section (b)

Incident neutron data / / Gd160 / / Capture Reaction
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Experimental Setup @ EAR1 and EAR2 (n_TOF)

EAR1

* Flight Path: 185 m

* Flux: 108/cm?2/Proton Bunch
* Very High Resolution: < 103




Experimental Setup @ EAR1 and EAR2 (n TOF)

EAR1: 4 C6D6 & me

Liquid scintillation detectors with deutered benzene:
(C6D6 & STED)

* Low neutron sensitivity

* Low y-ray detection efficiency

The total energy detection principle by combining the
detection system with the so-called Pulse Height Weighting
Technique (PHWT)

P. Schillebeeckx et al., Nucl. Data Sheets 113, 3054 (2012)
A. Borella, G. Aerts, F. Gunsing et al., Nucl. Instr. Meth. A 577, 626

(2007)




Experimental Setup @ EAR1 and EAR2 (n_TOF)

EAR2: 2 C6D6 + 9 STED

The total energy detection principle by combining the
detection system with the so-called Pulse Height Weighting
Technique (PHWT)

P. Schillebeeckx et al., Nucl. Data Sheets 113, 3054 (2012)
A. Borella, G. Aerts, F. Gunsing et al., Nucl. Instr. Meth. A 577, 626

(2007)




EAR1: C.D, Stability (Cs-137, Y-88, AmBe)
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Simulations: Setup geometry, Source simulations
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Simulations: Setup geometry, Source simulations
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Cs-137
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Simulations: Setup geometrv. Source simulations
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Simulations: Setup geometry, Source simulations

AmBe CeDes1 AmiBe CeDEST

AmBe
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MAMZ1: Last Results

Chiara Beltrami, M. Mastromarco, S. Altieri, N. Colonna

Tuesday, September 27, 2022 n_TOF ltalia Collaboration Meeting
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BaTMAN

Copyright (C) 2021 Davide Chiesa (University and INFN of Milano - Bicocca)

e Bayesian statistical approach to unfold the neutron flux
 Each flux group @;is determined by sampling the Joint Posterior PDF p(CD,-/Rj o

* The JAGS tool for Bayiesian analysis to define the statistical model and sampling the Posterior PDF (Markoc

Chains Monte Carlo simulations).

Program available here: https://github.com/davidechiesa/BaTMAN

Tuesday, September 27, 2022 n_TOF Italia Collaboration Meeting
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https://github.com/davidechiesa/BaTMAN
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Upstream

Apparato MAM1

Downstream
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e Utilizzati i risultati finali delle misure di attivazione dei target (Elisso)

 Utilizzate correzioni di Self-Shielding calcolate (io) e simulate con
MCNP (S. Altieri e C. Beltrami)

e Utilizzate sezioni d’urto ENDF (fino a 20 MeV) e TENDL ad alte energie
con diverse estrapolazioni (Elisso)



Input Data/Parameters

# X5_name

Cd114 _ng_endf.dat
Sc45_ng_endf.dat
Au197 ng_endf.dat
W186_ng endf.dat
In113 ng _endf.dat
Co59_ng_endf.dat
Au197_n2n_tendl.dat
Aul97 n4n_tendl.dat
Ni%2 np tendl.dat

Ni58_n2n_tendl.dat
Al27 na_tendl.dat

C059_n2n_tendl.dat
#C059 _n3n_tendl.dat
Bi2e9 n3n_tendl.dat
Bi2e2 n4n_tendl.dat
Bi2@9 n5n_tendl.dat

Tuesday, September 27, 2022

SSA (Bg/g)

2.1443E+84

5.3888E+A5
9.4344E+05
1.0877E+85
G.3858E+84
6.9178E+85
1.1896E+84
b.8226E+83
2.bbBE+B4

1.9417E+83
6.5584E+83

1.8362E+84

b.8183E+23

1.1242E+84
5.1545E+83
3.5429E+83

Err (Ba/g)
4.9936E+82

1.7393E+84
1.9872E+84
4.1863E+83
1.3178E+83
1.4334E+84
2.4211E+82
1.7818E+82
G.4598E+82

7.2983E+01
1.4804E+82

3. 7727E+82
3.7488E+82
1.5384E+83
1.8299E+82
1.8338E+82

g/mol
112.41
44.9%6
196.97
183.84
114,82
L8.93
196.97
196.97
L8.e9

58.69
26.98

58.93
58.93
2JBE8.98
2088.98
288.98

n_TOF Italia Collaboration Meeting

I.A.

celfshielding

8.2873 (d_ss.dat

1. boe8

SC_ss.dat

1.8808 Au ss.dat
8.2843 W ss.dat
8.8429 In ss.dat

1. baes
1. boe8
1. bae8

Co59 ss.dat
NoSelfshield
NoSelfsShield

8.6888 NoSelfshield

8.6888 NoSelfshield
1.0088 NoSelfshield

1. Baae
1. boe8
1. Baae
1. Baae
1. boe8

Noselfshield
NoSelfshield
Noselfshield
Noselfshield
NoSelfshield
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FLUKA Simulations by M. Cecchetto

MATTEO, M81-nomod-27
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8 Energy Groups

Energy groups

Tuesday, September 27, 2022

Group number

=~ o

Energy range (MeV)

1.3-1007—=3.7-107°
3.7-100°—-45-10"4
4.5-1004—-1.1-101

n_TOF ltalia Collaboration Meeting
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Reaction for Group

Saturation Activity of radiative capture reactions and treshold reactions
Foil Reaction T. E,(keV) | SA(Bq)

1925.28 d | 1332.50

Co Co(n,~)*"Co (2.68 £0.05) - 10

In Wn(n, ) 4™ | 49.51d 190.29 (2.54 +0.06) - 10*
Au-6 | 197Au(n,y)'®®Au | 2.6941d | 411.80 (2.14 £ 0.04) - 108
Cd H4Cd(n, v)H5Cd 53.46 h 527.90 (2.24 +0.05) - 10*
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Unfolding Results (C. Beltrami)

Neutron flux per proton pulse
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TO DO:

* Ottimizzazione della scelta gruppi di energia

e Correzioni campioni periferici

* Correzioni per stati metastabili per alcuni isotopi
e Ottimizzazione sezioni d’urto ad alte energie

* Confronto risultati con gli altri apparati (MAM2 E ANTILOPE)



Conclusions:

* Discrepancy at the 4° group is mainly due to the small contribution of
the (n,y) cross section reactions

* A possible attempt to improve the unfolding procedure is to try to
extend the number of the energy groups in which dividing the
neutron spectrum

* Try to improve the extraction of the cross section at higher energy

Molto probabilmente le discrepanze ad alte energia
sono dovute alle simulazioni del flusso con FLUKA
(vedasi flusso in EAR1 e EAR2)

Tuesday, September 27, 2022 n_TOF Italia Collaboration Meeting 37



