24WS-1C021
YUhu nElwyjwnpuGph wnwghuwnuwgUuwulu
nLnnywid Shwqghnp 2024

[UrUsus4uso uvughk [hrulvcMrNFU
nrNsNL-ubh2NFU3pL NsUY4YShuLerp
onraururdyydty L Ssuudyuu
I6SU2NSNFE3NFL

Qnhwpn Inhwluluhujwl

6N3 Uhgniywjhu dhghywjh wdphnu

15-May-26 uuQq-2026




QhwnwthnpboGnp hpwywuwgyned Gu
«NU¥pNP2NSNNMLENP ULASUNMNFEG3UL UELSMNL» OPL-NLU

CYCLON 18/18

15-May-26



Protons
7
-
2% Neutrons

Proton e < ’_ S Pions
" SE—— - >0
. o >Q Composite

Particles

Excited Residual
nucleus

Equilibrated
Residuum

____________ -

Competition between various processes during slow stage of reaction

! ! ! !

Fission Evaporation Multifragmentation Vaporization

Symmetric Asymmetric

15-May-26

Sn has 10 stabile isotope = the possibility of
investigating the dependence on the nucleon
composition

12651 is a long-lived radioisotope of tin that is
one of the seven long-lived fission products
produced in nuclear reactors.

Medical isotope production
1125n(p, x) 11N - SPECT

1245n(p, n)*?4Sb - Brachytherapy

117Sn(p,g)*t’™Sn —Theragnostic,
palliative treatment

1198 (p,n)**°Sb - targeted radionuclide
therapy / Auger-emitter

11851 (p,n)*8Sh - biodistribution and
dosimetry assessments
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«[FhpwpuuGph 2wnp» «Stacked-target»

wywnhywghnu wuwihqh JGpnn

» Ghunwthnpabpnud phpwhip pwnugwd £ huncd
natCy—e"rSn 2tnuntiph 8-12 rrhrebinutphg (20-50Uyd):

» (Fhpwhup dwnwagwjpyncd E wypninnuwjhu thuony
~5 nnwb 1 JU hnuwlgeh ywjdwuluGnpned:
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CLI Sn
v
Proton beam
— SRIM
18 MeV

The Stopping and Range
of Ions in Matter

J. F. Ziegler
J. P. Biersack
M. D. Ziegler
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- SRIM (The Stopping and Range of lons in Matter)
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o[*2Cu(p,x)®?Zn] / G [*Cu(p,x)*Zn]
o["2*Cu(p,x)%Zn] / G [*2Cu(p,x)®Zn]

Ao (1 - e

g62 75 o

063 7, Ay, (1 — e_’]“ﬁEanl) 1.0 4
BN Az, A63z, W A63zn A62, "
wlywnhdnieyntubbpu nL inpnhdwu hwuwnwwnniuubpu Gu 0.0 4

hwdJwwwwnwupiwlbwpwnp %2Zn W %3Zn dhontyubph
unwgdwl nGwlyghwubnph hwdwnp:

E,=(18.1+0.2) Utd

15-May-26

3.0

2.5

Cross-section ratio
—
(4]
1

Gg3/0gs

Og2/Og3

® Experiment

5 10 15 20 25
E(Mev)

EpuwybGphdGUunnw npn2dwd W dnUhuinnp nGwlghwlbph

wnwownyynn'  (0e2/0e3) W (0e3/06s), Yunpqwdplbiph

hwpwpbpnipjwl Ywhudwodnieyntup I’&fgmthlef
uua-2026 WNnnUwyhu thugh Eutpghwyhg:



hnwywnhy JhgnLyuGnph Unguwwuwgned

i 602.95 keV

19555
5 /

1691 49
3405

528 7%

238.89

j}7 574 646,08 1¢
3%2.23

o 100

Count

1 250 500 750 1000 1250 1500 1750 2000 2250 2500
Energy, keV
Count rate: 390 Live 897.000 Reak 900.000 Dead: 0.33% Channel 23 Counts: 0 Energy: 782 FWHM: 0.59 ROk Simple

15-May-26 uua-2026



100
—— Jendl 5 1188n(p,n)118m8b
—— Tendl 2023
o 80 — Tendl 2025
e v Batijetal.
~ <« Hermanne et al.
c 604 » Khandaker et al
.g e Komali et al.
8 e This work
? 40 1
7))
%)
© 20+
o
04
T T T

12Sn(p,x)
18Sn(p,x)
17Sn(p,x)
120Sn(p,x)

124Sn (p 1x)

15-May-26

(p,n) whyh ntwyghwubp

400

300

200

o (mb)

100

124Sn(p,n)124Sb

> ¢ Zhuravlev 2006

——Jendl 5§

—— Tendl 2025

Tendl 2023

e This work
Miyazawa 2021

» Elmaghraby 2009

Johnson 1977

30 0 10

20 30 40
E (MeV)

1509 — sendis 120 120m 7001
5 — Tend 2023 Sn(p,n)*~"Sb = 600-
£ 125{ — Tendi 2021 2
= * Batij et al.(2006) \E/ 500+
€ 100- Hermanne et al.(2006) c
o A Khandaker et al.(2009) O 400+
§ 75| ® Hovhannisyan et al.(2023) g 300-
0 0
o 50 2 201
5 25- O 0l

0- T T T T T T T T T T T T -100
S5 0 5 10 15 20 25 0
E (MeV)
uua-2026

— Jendl 5

— Tendl 2023

— Tendl 2021

v Batij et al.(2006)
« Blaser et al.(1951)
@ This work

1205[1 (p’n)lzong

5

10 15 20 25 30 35 40
E (MeV)

700
2600
e

=500
c

.2 4001
o

o 300
< 2001
O 100-

——Jendl 5
= Tend| 2023
= Tend| 2021
v Klucharev et al.(1970)
¢ Lovchikov et al.(1980)
Johnson et al.(1977)
® This work

1208n(p ’n)120m+ng




|—Jendl 5
1200 —— Tendl2023
1=— Tendl 2025
1000 + Talys 2 (T-GHFB)
< Khandaker et al.
3 8004 e This work
E B
~ 600 -
o] i
400 A J
200
01— (b)
0 5 10 15 20 25 30
E (MeV)

15-May-26

1000 -
100

10 -

o (mb)

0.1 -

0.01

1245n(p,3n)'??Sb

—— JENDLS5
—— TENDL2023
TENDL2025
e This work

uuQ9-2026

20 30 40
E (MeV)



Cross Section (mb)

50
| 112 109 — TENDL2025
Sn(p.a)™In —— JENDL5
401 ® This Work
30 4
20
10
0— T T T T T T
0 5 10 15 20 25 30
E (MeV)
15-May-26

(p,a) whyh ntwlghwubn

Cross-section (mb)

w
1

N
1

=
1

— Jend|5
Tendl2023
Tendl2021
® This work

118Sn(p’a)1l5m|n

5 10 15 20 25 30
E (MeV)
Jend! 5 120 117m

Tendl 2023 Sn(p,o)~""In -

34 ] Tendl 2021 fo)
E m  Need et al. (1966) £
c 3- ® This work c
= - g
o mm o
3 2 . @
; . @
(%9}

8 1- i+¢+ n
o'® o

e ®)

0 p
0 5 10 15 20 25 30

LUUQ-2026 ¢ (MeV)

=
o

(00]

——Jendl 5
—— Tendl 2023
—— Tendl 2021

e This work

12°Sn(p ’a)117g|n

2513 30



Mudkear Sclence and Technigues (2024) 35:216
https:fdoLorg10.1007/541365-024-01 568-x

()

Chack for
oialey

Clustering in nuclei: progress and perspectives
Kang Wei'([ . Yan-Lin Ye' . Zai-Hong Yang'
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Abstract

MNucleus is essentially composed of protons and neutrons, which are commonly known as nucleons. Interestingly, some of
nuclkons may group together and exhibit collective behavior inside a nucleus. Such clustering effects have been known
since the early stages of nuclear physics because of the observation and description of a-cluster decay from many heavy
nuclei. Subsequent studies demonstrated that cluster structures exist in many nuclear systems, especially in weakly bound or
excited states, and are complementary to the shell-like structures. In this review article, we provide a brief historical recall
of the field, and follow it with a conceptual and logical description of the major theoretical models that have been frequently
applied in the literature to describe nuclear clustering. Experimental methods and progress are outlined. recent outcomes
are emphasized, and perspectives relevant to future studies of heavy neutron-rich systems are discussed.
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Proton induced reactions on "®Sn target at energies up to 18 MeV
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Abstract Proton-induced reactions on enriched "'5n up to
18 MeV have been investigated. Using the stacked-foil acti-
vation technique, the excitation functions of the reactions
ME8n(p.m)' ¥k, 8Sn(p.2m"7Sb. ¥ Sn(p.a)! "™ In, and
1880 (p.x)! ' "™Sn were measured. The available experimen-
tal data show good agreement with our measurements. The
cross sections for the '”‘Sn[p_x]J”"‘Sn and “'iﬁn[p.a yH5m g
reactions are reported for the first time. The measured cross
sections were compared not only with previously published
experimental results, but also with theoretical predictions
from the TENDL-2023 (TALYS-based evaluated nuclear
data library), TENDL-2025 and JENDL-5 (Japanese Evalu-
ated Muclear Data Library) libraries. Discrepancies between
experimental and theoretical data were observed for reactions
involving composite-particle emission, such as alpha parti-
cles and deuterons. These differences suggest that while cur-
rent models adequately describe simple two-nucleon emis-
sion channels, further refinements are needed, particularly
for modeling composite-particle emission at lower proton
energies.
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nuclear data libraries, in particular nuclear reaction cross-
section databases.

While extensive experimental data exist for neutron-
induced reactions, information on charged-particle—induced
reactions remain limited. In the absence of measurements,
theoretical model calculations are commonly used to pro-
vide cross-section data. Among the most widely employed
sources are the TALY S-based TENDL library [1] and the
Japanese evaluated nuclear data library JENDL-5 [2].

Proton-induced reactions on enriched tin isotopes are of
particular interest due to their relevance for both nuclear fuel
cycle studies and medical isotope production. Tin isotopes
are produced as fission products of uranium and are present
in spent nuclear fuel. Reactions leading to the transmutation
of tin isotopes, especially '2#Sn, are important for nuclear
waste management. while medically relevant isotopes. such
as '17Sb, "98h, and '**Sh can be generated via proton-
induced reactions on stable tin isotopes.

Experimental cross-section data for proton-induced reac-
tions on enriched tin targets are available; however, they are
largely limited to proton energies below 9 MeV [3-22], leav-

uuQ9-2026

G. H. Hovhannisyan, N. S. Gharibyan, T. M. Bakhshiyan, A. R.
Balabekyan, S. V. Gaginyan, G. V. Martirosyan, A. Manukyan,
R. K. Dallakyan, A. Aprahamian, Proton induced reactions
on 118Sn target at energies up to 18 MeV, The European
Physical Journal A (2026) 62:81
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Reaction Residual ) value Eih {MeV) Tin of Ey (ke¥) k(%)
chanmne] nucleus MV} residual
nucleus
s gn(p.n) 1m g, — 444 448 Sh 253678 ¥
1050.65 7
1279.69 100
e gnip.2m) Mg, — 11.87 11.97 28h 861.35 0.31
100451 0.21
18 gnip.a) H5myg 275 4486 h 336.24 459
e sn(p.pn) Himgn — 933 9.41 13.6 d 158.56 86
Vs snip.d) —7.10 7.16

Table 1 List of the identified residues in the proton-induced reactions on 1295y targets and their spectroscopic character-

Threshold energies were calculated using the NMDC O-value Calculator [31], while decay data were adopted

from Mullat 3.0 [32)

Protons Energy Reaction cross-section (mb)
{MeV)

HE g p) ! Emgh NEgnip.2n)!"sh s gn(pa)' ™ HEgnipx)'T™sg
17.53 + 0.ED 3602+ 411 B43 + 82 L8502 90.33 + 1084
16,65 + Du64 4187+ 473 43+ T9 LG5 £ 017 TEA9 £+ 9.4
15.86 + 0.69 4725 £ 5.11 54 + 98 142+ 015 5953+ 7.14
1498 + D.68 6062 £ 6.36 628 + 93 1.36 £ 0.14 53.14 £ 6.38
14.07 + 060 .59 £ 6.51 464 + 56 L12+£0.12 3258+ 390
13.14 + 061 TE1T £ B03 352+ 79 0.96 + 0.10 19.39 + 2.33
12.17 + 069 G064 £ 6.36 133 + 83 0.54 + .06 376+ 045
11.18 + 0.8l 53.55 &+ 6.66 - 034 + 0.0 269 + 032
10.16 + 0.3 3779+ 389 - 018 £ 0.02 1.052 £ .13
219+ 079 587+ 276 - - 0.598 + 0.07
E11 £ 098 1505 £ 1.65 - - -
6.86 + 1.21 0328 £ 0.03 - - -
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1stics
Reaction Q value (MeV) Ewn (MeV) Tz Ey (keV) Iy (50
08 n(p,n) t" ™5k — 3.64 3.49 5.76 d 1973 T
1023.3 09.4
080 p,n) 23k — 3.64 3.49 15.89 min T03.8 0.14%
0586 0.063
08 n| pat) ™ In 2.7 0 1162 pun 3153 19.1
08 n(po) 18 In 2.71 0 432 min 5529 100
Residua Qvalue (MeV) E, (MeV T E, (keV
Reaction I ( ) th ( ) 1/2 'y( )
channel nucleus
602.72
1245n(p,n)  1245b -1.39 1.41 60.2d 645.85
722.78
1245n(p,pn)  123mSp -6.28 6.31 40.06min 160.34
-1.68 16.96 2.72d 564.2
1245n(p, 3n)  122Sh
692.6
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