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Introduction and motivation Key cases: branching points [3] The n_TOF facility @ CERN

AZ(n,y) competes with g decay
' U A (n,y) cross sections + isotopic ratios—
RED GIANT = .. " conditions stellar environment

/’;’ 7, J ; ;“‘5)' c .,‘& :
(AGBYSTAR ~ M 7 .,
§7 Ui T e s T ‘ M Kr 7K K EAR2: 20 m, 40x higher
7Br 76Br 7Br TBr [REa :n sig - 4 neutron flux

e

L .
1) -

e &
E

2" collimator]]
intermediate i
neutron capture

7 (i-process) = Neutron magic s-process bottleneck filter station

Status of neUtron'Ca pture .. - e s-process branching nucleus permanent magnet | ;
cross section measurements_ s« e = N=126 4
(stellar range, keV) ] :

photodisintegration
(y process)

p-beam |

A f':‘:." - 7274 o setifla. o .. e 3 '..'i' o ,."."..:: et 5
rapid proton capture rapid neutr aptur 70 HHHAE 2 . s dt . ’.,"...... oo, o . e & et | >

_§ (::prgcess) ” (ra';roc::s)onc S 68 HHHHHHEH i e | ".-f..:“;-. e . -°.‘ es ¥ H T e, i ..'-. a v EAR].: 185 m, better
5 Bt e T o ] - et energy resolution
) 7 -;usion. reactions R. Reifarth et al., EPJ WOC, T s%ﬁé_ﬁzﬁ;:"zs . ' , ' _ = ; beam lines in full scale

o 146,01003 (2017) -| l Stable isotope, no measurement A T R il a e T -

Jumberotneiens w : i [ stable isotope, direct nxs measured ;‘: ; "Seon KA | 2 el d;'ﬁed wog, |7 gy - NEW aCt|Vat|On Stat|on Jarger
O I f lei - ) it ﬁ_o_”m Radioactive, direct nxs measured i ™ | | ol e W e . . .

ur goal: measure (n,) of nuclei A 82 1 cmessureaty Sumogatemetros | | 1 i i e L R L L more details below!) NEAR: 3m, activation

involved in the s-process ( & i-process) = = nxs measured by beta-Oslo method N
|. Dillmann et al., Eur, Phys. J. A 59, 105 (2023). C. Domingo-Pardo et al. Eur. Phys. Jour. A, 59, 8 (2023)

<2015: only EAR1 Recent progresses & challenges

[ 171'1_' S ' T rord N e Towards more unstable s-process branching points: — challenges
10 m(n,y) Totalcounts ~ EAR1 — | = n_TOF . 1. TOF requires mass >= 5e17-1e18 atoms (EAR2)
= ——— Background (all) = £ . N . - = g
¥ Background (beam-of) 1 B 3 = 2. Mass/Activity I!mlted l?y_radlatlon hazard
Eero i1l 1 . 3. Low SBR & high activity background
g F i i — Many cases not accessible via TOF or not in the range of astrophysical interest
S F F.
— gz 1072 = 5 = "
Y F(— ™SeceDB ; | o - . Possible solution:
- v m=31mg = L e T - - 1800 [ Ia(my) E o Activation
e L e L e NG tomBg teoc 97 ug (1e18 at) ‘ E 2021: n_TOF NEAR[11]
Neutron energy (eV) 1072 107" 1 10 107 10° 10° 1400 e dalal = T . oy . .

. — Neutron energy (eV) £1200 = Irradiation station at 3 m from n-source for activations
s-pric()cess branchmr? 171T"|'_[4_]'_ Ac]flwty Successful measurement of 2 more unstable 21000 ~ Higher sensitivity (lower mass, unstable isotopes for astroph.)
background was the main limiting factor s-process isotopes: 79Se[8], 94Nb[9] 328 . { “ '. : o e ';LEX; T e
2015: EARZ’ 2021 : target v3 A g 40{ 1 I i “ It H | fiy | — n_TOF-EAR?

107 T T e O T T = 200HtdY A TR LA AT O ] et SN 3 IS . Y. .
e | EAR2 Old Target = et | L e ) 0 [Tl 1 S E
— — EAR1 Upgraded Target (MC) — Ok | il Ui &Y lll l Inll | Il { | - 5
g B EAR2 Upgraded Target (MC) B °‘°5-""'lg;"""""""""""""1 = } l ] { - -
=4 g igl.-,l F—— ‘97::u(n,7)ga:a Eﬁgz (22;_?) . —200 | ‘ _ | ’ B =
0 N o B ? IR TR - : 7100 ;
§ B § 7] (:-;.' 0.03: f Energy (eV) ...................................................................... L ............................................................................... =
:- 105 — _§ .% . E _
g ; 3 % 0.02- : SenSItIVIty study [1 0] on S-prOCeSS .......................................................................................................................................................................... =
= 5 T 1 1© ook ] I . Y RHTNY NN RGN
§ 104 et !':'""”""" = : 1 branCh|ngS. 102 107 1 I;do 1%')52 (e1\o;) 10 10° 10° 107  10°
il . AU > q| e T Most cases: 5e17-1e18 atoms needed Station * ~ TEE B | imitation:
R R TN R N T Neiiiron aneio (V) ” & SR A : '
Neutron energy [eV] . 0. Activated
Upgraded EAR2 400x instantaneous n-flux vs EART1, B =5 | nuclei's T, >h

Improved energy resolution [8], new segmented (s-)TED detectors for high count rates [6,7]

3, C filter

CYCLING @ NEAR [12] Future prospects Plans for a new facility:

i R ~J~ Current spallation n_ACT @ BDF [14]
P " . . TOF Measurements on target Activations on short-lived m—— —
TS W lower mass unstable (s-process): isotopes (s/i-process) S 12m -
e Improve detection efficiency & e Installation of NEAR moderator . ~
....... s - - : « : = | == e
u sensitivity (larger arrays, solid d-stil (@target)— Closer to “stellar”. Rabbit madiation staion (BRIS) |
scintillators, ...) e Cycling: Rabbit system NEAR-ISR s ek
B e Improve signal-to-background: New and (if feasible) decay station at ==
55 shieldings and collimator for EAR2 NEAR.
. e Modification of EAR2 with walls and e Activations inside the target High-fluence, in-vessel
ceiling further from setup shielding (factor x100 flux) — Rabbit —— (BH_
e Beamline looking to moderator — system.
Goal: Access short lived less background from high energy e Strengthen Synergy ISOLDE-NEAR o e
roducts (s, min) neutrons Beyond * il B |
P o e New beamlines: 10 m flightpath, LS4 e Average intensity x10 higher with - | o7k
Cf)ncept validation at N backwards, worse t-resol (suitable only for | - L
HisPANOS-CNA e Higher intensity per pulse & higher ~ New (V4) NEAR). e C . 13
Moderator for i d matchi rep. rate with similar t-resolution. spallation e New n_ACT with rabbit @ BDF g _ P
oderator for improved matcning target Facility: 1000 x flux a-NEAR T a0 -
to stellar spectra @ NEAR g , L A
‘\ o e N S e S s i % 10 3 .. .K.M-w : o ’
- AN Y - n_TOF - ISOLDE /MEDICIS Synergy 2 ,{' o 1t
o E i . , 10%2 :
= e e . == J ,  BRIS bl
§ [ . E i Tot = 1.82e+18 |
g | : » -NEAR
e OF 1 ' Tot=26le+17
g e 511 it Betom " o™, Y 1010 a-NEAR
Bt 1 Bosom [V = b Tot = 2.25e+15
N e e e T 1002 10° 10 100 100 10°
b <EREEEEE. B 5 o o S et 5] 5 L R First case: E (GeV)
Goal: MACS ratio (vs Au reference) o e o 135Cs [13] e Located at the Beam Dump facility
closer to SACS ratio . ;,/"“{:,,..-ﬁ‘“:::: (BDF) at CERN
= e
LA :
o _/,O/g’SOOkeV—-— No Moderator i . Very hlgh flux (a-NEAR X1 000)
160keV | e Production of targets of unstable station for neutron activations with
L e isotopes for (n,y) at n_TOF rabbit system
B4C thick (cm) e

Refe rences | [9] J. Balibrea-Correa et al., EPJ Web of Conferences 279, 06004 (2023)
[1] F. Képpeler, et al., Reviews of Modern Physics 83, 157 (2011) [10] J. Lerendegui-Marco et al, Recent highlights and prospects on (n,g) measurements at the CERN
[2] J.J. COW&H, W.K. Rose, AStI’OthS. J. 212, 149-158 (1977) n_TOFfaczlzly, arXiv:2310.15714 (2024)

[3] C. Guerrero et al., The European Phys.ical Journal A 53, 87 (2017) [11] N. Patronis et al., The CERN n TOF NEAR station for astrophysics- and application-related
[4] C. Guerrero, et al., (n. TOF Collaboration), Phys. Rev. Lett. 125, 142701 (2020) neutron activation measurements, arXiv:2209.04443 (2023)

[5] J. Lerendegui-Marco, V. Alcayne, A. Casanovas et al., EPJ Web of Conferences 284, [12] J. Lerendegui-Marco, M. Bacak et al. CERN-INTC-2022-018 ; INTC-1-241 (2022)

01028 (2023) [13] J. Lerendegui-Marco, S. Carollo et al. CERN-INTC-2022-040 ; INTC-P-641 (2022)

6] V. Al t al., Radiation Physi d Chemistry 217, 111525 (2024
%7} ] Balciabzzz zoiréa ?\Ililloist i/sllei;az 10 6??2 9?:85 ( 2’ 024) ( ) [14] C. Lederer et al. (n._TOF collaboration) Neutron Activation Station at the SPS Beam Dump
: - , Nucl. : : , g :
Facility (BDF), EOI SPS (submitted) November. 2024

[8] J. Lerendegui-Marco, EPJ Web of Conferences 279, 13001 (2023)

/) CPAN Red Tematica de Fisica Nuclear (FNUC),
@ - insio 01 XVI CPAN DAYS, 19-21 November 2024, Madrid

Acknowledgments

The authors acknowledge support from MICIN under grants
PID2019-104714GB-C21 and PID2022-138297NB-C21 and CSIC
under grant CSIC-2023-AEP128. JLM acknowledges sup port of grant
FJC2020-044688-1 funded by MCIN/AEI/ 10.13039/501100011033 and
European Union NextGenerationEU/PRTR, and grant
CIAP0OS/2022/020 funded by the Generalitat Valencia and the
European Social Fund. BG acknowledges a PhD grant PRE2023 and

JAE Intro ICU grant from CSIC.



https://doi.org/10.1140/epja/s10050-023-01012-9
https://doi.org/10.1140/epja/s10050-022-00876-7
https://doi.org/10.1016/0168-9002(94)91119-3
https://arxiv.org/abs/2310.15714
https://arxiv.org/abs/2209.04443

