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Medical interest of 1"1Ag Production routes of 111Ag

Promising theranostic (therapy + diagnostic) radionuclide. Neutron & photonuclear route : '"°Pd(n,x)"Pd ‘B_t 111Ag, "atCd(y,x)""Ag,

» Therapeutic use in internal vectorized radiotherapy. nat|n(y,x)"11Ag,
, Its - particles are suitable for tumours and large clusters of cells (4.8 mm
tissue penetration 1)) Isotope Separation On-Line technique (ISOL) : uranium carbide target

l, Suits the biological t,,, of antibodies = radioimmunotherapy [2] impinged with a proton beam [3]

= y-ray at 342 keV (6.7 %) might be suitable for SPECT imaging. Light-charged particles route : 22Th(p f)"'Ag, "Pd,110Pd(d.x)""Ag,

T4 Decay mode y-ray energy (intensity) B-energy (intensity) 110pd, | natPd(a,x)'"Ag

E, ... = 360.4 keV
E, .= 1036.8 keV (92 %)

E.c.n = 223.5 keV Measure the production cross sections of 1"Ag via the reaction

o mean
245.4 keV (1.24 %) E_=694.7 keV (7.1 %) natpd(a,x) at high energy to better define the peak region. Compare

Table 1: Decay characteristics of "'Ag (Nudat 3.0) this production route with the other ones.

| Only two experimental
datasets [4,5]

342.13 keV (6.7 %)

7.421 d 8- (100 %)

Stacked foils technique

With this technique, several cross section measurements can be done with a
single irradiation of thin stacked foils. _Alpha

— Degrader: adjusts the beam energy. beam
— Target: where the reaction "aPd(a,x)'1Ag takes place.

— Monitor: beam intensity measured via the monitor reaction 47Al(a,x)??Na s].

Measurement of the activity produced after irradiation in each foils performed by Degg der Py X -
gamma spectrometry with HPGe detectors. Target  Monitor Catclher

3 campaigns accomplished at the ARRONAX cyclotron with an alpha
beam of 67.4 MeV and 100-150 nA intensity

digh purity detector

natpd(a,x) cross sections

20 " 37 . _
- wP(o,x) 11 Ag o — Additional measurements up _ 25+ — Natural Pd HAg yield With an energy range of 60-35 MeV,
{6 | 4 MAikawa (2019) e + | to 65.4 MeV. < o |~ Enriched 110Pd equivalent to a target thickness of 250 uym:
- ® AHermanne (2005) A ‘H AH — The maximum cross section R 1.5 — Yield of about 300 kBg/pAh for natPd.
5, TENDL2O2 + | + H’ is reached around 50 MeV = .
E12 o This work . Lo 1 = _ Yield of about 2.0 MBg/uAh for 10Pd.
Z o with 16 mb. =
§ - o | 0 +—— ' — ' L, but an estimated production of
: *: — Overall go.od agreement with 20 Eggrgy ) fa%grticles ( 1\54%\/) 10mAq of 1.2 MBg/uAh
S L% the experimental values of | | |
O 4 R . Figure 3: Thick Target Yield for the
: Alkawa et al. production of """Ag
0 Loooemed” — The predicted cross sections
0 20 40 60 _ i ' ' '
Energy of  particles (McV) by TENDL-2023 agree with Comparison with the other production routes

. . . the experimental data.
Figure 1: Production cross sections of "*Pd(a,x)"'"Ag P — Neutron route: An estimated production of around 3.85 MBqg/h depending on the flux

— Production of long-lived silver 350 05Ae i Zl; zeau:ior; iSs aeccriwfiiecvaecdt isi]t. Tizearihe;:, e()dnly short-lived silver isotopes that are produced,
isotopes in the same energy range | 300 21?83?‘5 ) +H+++ ’ e gh sp . y . | | |
as "MAg: 15Ag (t,, = 41.29 d), | 150 lllAgg ++ — Fission route: Around 2.59 GBg/yA can be obtained during a full-scale production of
106mAg (t,, = 8.28 d) and 110mAg %200 : % 225Ac. However, small amounts of ""™Ag are produced alongside.
(t;, = 249.83 d). jg) 150 . ‘ﬁ — Deuteron routc?: A '.I'T\.(.of 15 MBq/pAh can be achieved with an enriched '°Pd
— Their production cross sections g 00 . . , whEa target but there is a significant co-production of ""0mAg 7.
are more significant than for "Ag. |S o :; whi ﬁ — Photonuclear route: Co-production .of several silver i.sotopes might l‘:)e possible with
_Even with an enriched target ; o } AE._ =y yes NINE 8 the natC.d(y,n) route.1'(l)'9he natin(y,a) mlght. be b.ejcter suited as there might only be the
(18Pd or 110Pd) MomAG s stil 0 50 40 60 production of stable '"Ag. A good specific activity could be achieved [2,6].
sroduced alongside 11Ag. Energy of o particles (MeV) — ISOL route: a predicted TTY was obtained with the Monte-Carlo code FLUKA of
Figure 2: Production cross sections of about 4 MBq/pAh. This route will lead to high purity and specific activity. [3]

nath(a’ X) 105,106m,110m,111Ag

— Alpha route: With a ""°Pd enriched target, an estimated TTY of 2.0 MBg/uAh can be

Tl reached. However, there is at the same time a significant co-production of 1"9MAg.

— New measurements of the production cross sections of "aPd(a,x)105. 106m, 110m, 111Ag have
been performed at GIP ARRONAX. The peak is now defined and our values agree with References
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