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C. Rubbia et al., A high resolution spallation driven facility at the CERRS

to measure neutron cross sections in the interval from 1 eV to 250 MeV
n CERN/LHC/9802(EET) 1998.
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The n_TOFPRnhysicsHRragramme

1. Nuclear astrophysics

see talk by Claudia LedereiNVoods

2. Advanced nuclear technologies

see talk by DanielCano-Ott

3. Basic nuclear science & applications
(Including detector developments)

see talk by Nikolas Patronis
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Uniqueness of the n_TOFmeutroneams

instantaneous intensity and energy distribution n_TOF neutron flux

repetition rate of the proton driver (< 1/1.2s) 10° e B R PV

time/ neutron-energy resolution (long fligkpath) B =05 n/7e12p EARD

back d conditions g EAR2:3.37e+07 n/7el2p NEAR
ackgroun 108 | NEAR:8.39e+08 nicm2/7e12p - |

-
o
‘-q

\
o
(¢}

tron flux dnAdlog(E) [n/7e12p]
o
[¢]

o
~
q
J

energy range covered by other,
spallation sources (ESS, SNS and others)

completely different science cases covered®
(no nuclear physics at ESS, SNS and others)
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3 examples of activities ati n_TOF
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The MArEX initiative:

4Ar(n;” & (n,tot) | Understanding neutron propagation in argon INTC-1-256 | EAR1 & EAR2

Deep Underground Neutrino Experiment
(DUNE) far detector module

= Liquid argon is widely used as a target in dark
matter and neutrino (v) physics experiments
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https://cds.cern.ch/record/2856506

The MArEX initiative:

4Ar(n;” & (n,tot) | Understanding neutron propagation in argon INTC-1-256 | EAR1 & EAR2
ssan : T

A First measurement on a gas target
performed at n_TOF in 2024

A 200 bar Argon gascell developed
by the n_TOF Collaboration

A full operation watched over by CER
safety authorities (including RP)
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https://cds.cern.ch/record/2856506

The MArEX initiative:

OAr(n; & (n,tot)

Understanding neutron propagation in argon

INTC-1-256 | EAR1 & EAR2

ndays: 0.1, nprotons[7.e12]: 1.4e+04, bpd : 1000, no Ar gas
R-sphere: 20.0 mm, SA-thick: 0.50 mm, CF-thick: 1.20 mm, bif: 0.18
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The MArEX initiative:

4Ar(n;” & (n,tot) | Understanding neutron propagation in argon INTC-1-256 | EAR1 & EAR2

MArEX-LAr target

Procured, designed, and tested at Los Alamos National Lab (LANL)
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The MArEX initiative:

4Ar(n;” & (n,tot) | Understanding neutron propagation in argon INTC-1-256 | EAR1 & EAR2

MArEX-LAr target in EAR1 location

Motorized support table to assist in
initial alignment (lateral movement)

@ Aluminum struts/beams for support

@ Automated cryogenic fill station

= Uses cryogenic flow meter and solenoid
valves for fully remote operation

= Under construction and testing at LANL

~dewar low-pressure
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The MArEX initiative:

4Ar(n;” & (n,tot) | Understanding neutron propagation in argon INTC-1-256 | EAR1 & EAR2

LAr thickness: 10.0 cm, 2.10e-01 at/b run for 30.0 days 50 bpd
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Fission of 233U at n. MOF we ™ fjl o 6®
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New insights on fission of3>U induced by high energy neutrons

250 300 350 400 450

Neutron Energy [MeV]

from a new measurement at n_TOF

Alice Manna, Elisa Pirovano, et al. (The n_TOF Collaboration)

Physics Letters B, 860 139213 (2025) Open Access
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Neutron-induced fission onuranium -235: one of the most important reactions in
nuclear physics.

In this study, scientists at the CERN n_TOF facility measured tR®U fission
cross-section relative to neutron-proton elastic scattering. This was thdirst time
this measurement was conducted in thelO to 440 MeV energy range which
extended the upper limit of previous research by more than 200 MeV.

Key Findings

Below 200 MeV:n_TOF results were consistent with previously published data,
agreeing within one standard deviation.

Above 200 MeV:The results suggest that dransient time y the time required for
a nucleus to transition from a stable state to a fissioning statg is needed in
neutron-induced fission models. Including this transient time would allow for a
more accurate description of both neutroninduced fission (n,f) and proton
induced fission (p,f) reactions.

nTOF


https://dx.doi.org/10.1016/j.physletb.2024.139213
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Burial Dating at the Cradlle of Humankin

CERNINTCGP-743(2025)
Spokesperson : SardRabaglig Cristian Massimi

ey CERN-INTC-2025-031 / INTC-P-743
v 0/ 04/ 2025
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
Proposzal to the ISOLDE and Neutron Time-of-Flight Committee

Production of "Be and **Al radionuclides via neutron reactions
in Si0; rocks: implications for burial dating related to the
Cradle of Humankind-UNESCO World Heritage Site

April 8, 2025

5. Rabaglia®, M. Bacak® M. Bruschi', R. Buompane®!, M. Caresana 9, A, Cirille?,
B. Ciacobbe!, L. Gialanclla®!, P. Grafstrom?®, O, Gustavine!, P. Jones®,
€. Lederer-Woods®, A, Manna®, C. Massimi™', P. F. Mastinu', A. Mengoni®™',
PoM. Milazzo', L. Pellegri®®, N, Pieretti®', R, N, Sahoo', A, Wallner", R Zarrella®'
and the n. TOF Collaboration

UINFN - Istituto Nazionale di Fisica Nucleare, Ttaly

STU Wien, Atominstituf, Stadionalles 2 1020 Wien, Austria

3 Department of Mathematics and Physics - University of Campania, Ttaly

1 Paliteenice di Milane - Dipartimento di Energio vial lo Masa 34, 20156 Milane Italy
*CERN, Geneva, Switzerland

% Themba Laboratory for Accelerator Based Sciences, 7129 Somerset West, South Africa
" 8chool of Physics and Astronomy, Universifty of Edinburgh, [nifed Kingdom

8 Department of Physics and Astronomy - University of Bologna, Ttaly

*ENEA - Agency for New Technologics, Energy and Sustainable Econemic Development, [taly
10 8ehaol of Physicse - University of the Witwatersrand, Johanneshurg 2050, South Africa
1 ffelmholtz-Zentrum Dresden- Rossendorf, Dresden, Germany

Spokesperson: Sara Habaglia rabagliaGibo info.it, Cristinn Massimi massimifibo.infn.it
Technical coordinator: Oliver Aberle, oliver.aberleficern.ch

Abstract: The production of "Be and *Al through neutron reactions in Si0z
(guartz-bearing) rocks plays a crucial role in cosmogenic nuclide burial dating, which
determines the time since & rock or sediment was shielded from cosmic radiation. In this study,
we focus on the case of the Sterkfontein Cave, where understanding the production rates of
these radionuclides is essential for refining burial dating techniques. We propose to investigate
the neutron-induced production of 1"Be and %A1 by exposing quartz-bearing rock samples to
the neutron flux at the EARL, EAR2, and NEAR stations.
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Burial Dating at the Cradlle of Humankind

In Autumn 2013, Lee Bergerrecovered more than 1500 hominid fossils (representing 15 or more individuals) at
the RisingStar cave complex in the Cradle of Humankind UNESCOWorld Heritage site (COHWHS)

Thefossils belongto an unknown hominid species, named Homo naledi, dated to 2001300 thousand yearsago,
whose characteristics do not fit in the present scheme of the human evolution
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Burial Dating at the Cradlle of Humankind

Berilium Production Rate

14C dating
limit ~ 60 ka

Geo-dating
using two radioactive isotopes,°Be (t,,=1.51 Ma)
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Burial Dating at the Cradlle of Humankind

14C dating
limit ~ 60 ka

Geo-dating
using two radioactive isotopes,°Be (t,,=1.51 Ma)
and Al (t12=0.717 Ma), produced inside quartz =0 is the burial time
by cosmic rays i — ' ' ' [Al-26}[Be-10] ——
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Burial Dating at the Cradle of Humankind
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Burial Dating at the Cradlle of Humankind
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Burial Dating at the Cradlle of Humankind
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\/\ n_ACT N
NTOF e

n ACT@BDFA Neutron
Activation Station at the |
SPS Beam Dump Facility
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C. LedererWoods and A. Mengoni
on behalf of the n_TOF Collaboration
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Eur.Phys.J. A (2025)61:215 THE EUROPEAN
https://doi.org/10.1140/epja/s10050-025-01674-7 PHYSICAL JOURNAL A e

The CERN n_TOF NEAR station for astrophysics- and
application-related neutron activation measurements
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The n_TOF Collaboration
filter thickness: 2.00 cm, fitted temperature kT: 23.9 keV

71 e —————
a-NEAR spectrum s
M-B distribution ==
140
120 + a-NEAR
g measuring station
S 100 |
Q.
Q.
a
3 8o
g
3 60
[
40 L
20 -
0 aaul NEPPITTY EPEPEPETT | ! L
100 10’ 102 10° 104 105 108 107 108

neutron energy [eV] https:// dx.doi.org/https:// doi.org/10.1140/epja/s10050-025-01674-7



https://dx.doi.org/https:/doi.org/10.1140/epja/s10050-025-01674-7

A
\/ \/

SHiP

Search for Hidden Particles

nTOF

Possibility for 3 Activation Stations

A Parasitic use forneutron cross section measurements

A Unique installation providing ultra high neutron fluxes
over a wide energy range for activation measurements
complementary to n_TOFcapabilities

A Proximity to ISOLDE measurements onradioactive
nuclei

A World -first measurements of key reactions for nuclear

[ Collimator | | External BEAS | astrophysics and nuclear applications

BIAS-neutron, f-thick: 3.25 cm, SACS: 3.214e+01 b, -SACS: 2.424e-01 b, kT. 29.49 keV
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25000

-

(=]
-
-

C LedererWoods et al.(n_TOF Collaboration)
CERNSPSCG2024-027 /| SPSGEOH023, and
CERNSPSCG2025-038 / SPSGEP-375 15000

k\la 10000 I?
¢

20000

-

=
-
=

-

i=]
-
N

Neutron flux per unit lethargy (a.u)

neutron spectrum [n/cm2/eV/s]

1o 1l IR BRIS Tét: 2.20E+18 niem®/yr
101 1hi] — BDF BIAS Tot= 3.26E+18 nicm?lyr
i — BDF BEAS Tot= 7.38E+15 nicm/yr _ .l|1|
I [ | — n_TOF a-NEAR Tot= 2.25E+15 nicm®/yr | c c ]
wl | L] -T0 atE i Filters create quast 00
Rbth] L |
-9 8 7 6 5 4 3 2 - 2 3 i
107 107 107 107 107 107 107 107 107 1 o’ 10 I-l:'ﬂ
E (MeV) stellar neutron spectra 0 a L.
0001 001 01 1 10 100 1000 10000 100000 1e+06 1e+07 1e+08 1e+09

neutron energy [eV]


https://cds.cern.ch/record/2948460

Activity statisticss

A 2021712026 n_TOF & the INTC
A 61 experimental proposals
A 25 letters of intent

A Only 2 experiments in backog (+ a few single isotopes of executed experiments)

A 45 publications in the period (excluding conference proceedings) over a total of 162
A Over 90% inOpenAccess

The 162 publications are on:

A 57 Physical Review C

A 35 NIMA: Accelerators, Spectrometers, Detectors and Associated Equipment
A 23 The European Physical Journal A

A 7 Physical Review Letters

A 6 Physics Letters B

CE?W A 4 Nuclear Physics A \/\
\_/, A 31 Other Journals TOF



The n_TOF
Collaboration
In 2026

Established in 2000 (MoU signed in 2008)

43 institutes/research teams
(mostly Europe, + USA, Japan)
152 members

34 (22%) PhD students

Gender
27 (18%), F total
10 (29%), F students
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The n_TOF
Collaboration
in 2026

Established in 2000 (MoU signed in 2! %
43 institutes/research teams g
(mostly Europe, + USA, Japan) £
152 members c
34 (22%) PhD students

Gender

27 (18%), F total
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2 CERN - Geneva 12 12 18 25 0 Aberle, A Bernardes, M Calviani, F Cerutti, E Chiaveri, M Di Castro, 5 Gilardoni, ¥ Kadi, A Manna, A Masi, C Rubbia, V Viachoudis
—

3 CIEMAT - Madrid 7 6 1 Ell 44 D Cano Ott, V Alcayne Aicua, E Gonzdlez Romero, T Martinez Pérez, E Mendoza Cemb D iller Perea, A Sanchez Caballero's)
u, 4 EMNEA - Bologna 2 2 ] 12 D M Castelluccio, P Console-Camprini
C I I b t 5 ESRIG - Groningen 2 2 9 12 N Kalantar-Nayestanaki, M Kavatsyuk
O a O r a IOm‘ 6 GUF - Frankiurt 4 2 2 18 25 THeftrich, R Reifarth, J Butz®), D Sokelovic’®!
7 HZDR - Dresden 4 4 18 25 AWallner, A Junghans, R Beyer, D Koll
L} 8 IFIC - Valencia & & 2 35 50 C Domingo Pardo, V Babiano Suarez, J Balibrea Correa, A Tarifefio Saldivia, J Lerendegui Marco, P Torres Sanchez, B Gameiro®, G De la Fuente'®!
l n 2 O 2 6 9 IFIN-HH - Bucharest 4 4 18 25 A Negret, C Pefrone, M Boromiza, A Gandhi
10 ILL - Grenoble 1 1 4 -1 U Kaster
11 INFN-BA - Bari 6 4 2 28 38 N Colonna, G Tagliente, M Mastromarco, R Mucciola, A Mazzone'®!, G Perfetto’®)
12 INFN-BO - Bologna 4 2 2 18 25 C Massimi, R Zarrella, N Pieretti®), A Mengoni®®!
13 INFN-CT - Catania 3 2 1 13 19 A Musumarra, M G Pellegriti, D Papanikolaouts?
T h TO F C I I b t' B d 14 INFMN-LNF - Frascati 2 2 ] 12 G Claps, A Tamburrino
e r]— O a 0 ra IO n Oar 15 INFM-LML- Legnaro 4 3 1 18 25 P Mastinu, E Musacchio, D Scarpa, D Neff®!
Spokes person , PhySICS Coord I nato r’ Run Coord I nato r’ 16 INFMN-LNS - Catania 4 4 18 25 L Cosentino, S Amaducci, P Finocchiare, G Vecchio
. . . . 17 INFN-NA - Napoli 3 1 2 13 19 L Gialanella, | Goulal®!, K Chakraborty'®!
Resources Coordinator, Editorial Board, Working Groups  « weec-rews s 1 1 smmto,L et 0 vesoor®
19  INFN-RM1 - Roma 1 1 4 6 C Gustavino
20 INFN-TO - Torino 1 1 4 -1 G Gervino

The Execut|ve COmmlttee 21 INFN-TS - Trieste 3 2 1 13 19 P MMiazzo, G Cescutt, M Speltal®!

A Mengoni, University and INFN, BologmeSpokesperson = sevms 1 ¢ s cromm
E Gonzales, CIEMAT, Madrid 25 JRC - Geel 2 2 9 12 JHsyss.CIPara:sla
R VI aStO u ) N T UA ) Ath e n S j: :::;T‘j:t::.::on 18 : 4 :5 :0 2::::: M Diakaki, M Kokkoris, V' Michalopoulou, K Kapamni{s}. N Kyn'lsis{a], SA Kopanosi’}. L Amanatidis'®
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FGunSIng CEA’Saclay 28 PsI- Villigen E AMaugeri

29 PTB - Brauschweig 3 3 13 19 E Pirovano, M Dietz, A Di Chicco

N C O I O n n a, I N F N B ari 30 TUW - Vienna 4 3 1 18 25 M Bacak, C Weiss, E Griesmayer, J Melbinger'®!
RReifarth, Goethe-Universitat, Frankfurt e R T B B B v i

C Lederer-Woods, F Garcia Infantes, S Birincioglu'®, E Odusinal®

E Chiaveri, CERN and University of Manchester (former SP s vrome 2 100 2 1poms wavrine comsad®

34 UIG - loannina 4 3 1 18 25 N Patronis, V Foteinou, Z Eleme, S Goula'®!
35 ULP-Lodz 3 2 1 13 19 A Gawlik-Ramigga, J Perkowski, K Stasiak!®)
n_TOF Local Team 12 core members Hjuih-um| b |8 2 | 2 | M |oemtn Tuag N S e A rotmd®
—_ . . . 37 UPC - Barcelona 6 4 2 26 38 F Calvifio Tavares, A Casanovas Hoste, G Cortes Rossell, P Pérez Maroto, B Brusasco'™), A Basavaraja Allannavar'®!
+ teams Wlth experlments runnlng 38 UPRG - Prague 3 2 1 13 18 M Krticka, S Valenta, K Horéizkoval®
38 USC - Santiago 4 3 1 18 25 M Caamafio, H A Pal, B Femandez-Dominguez, N Sénchez Vazquez'®!
40 USE - Sevilla 6 4 2 26 38 C Guerrero, B Ferndndez Martinez, M Cortés Giraldo, A Reina, J Bartolomé'®!, J A Pavén!®!
C E R N 41 UUPP - Uppsala 101 4 6  DTamio

\ 42 UYRK - York 2 1 1 9 12 D Jenkins, R Wu's!

43 UZAG - Zagreb 1 1 4 [ P Zugec




Mid-to-Long term plans at n_TOF

2026 run
starts on 5 February, ends on 31 August 2026
all experiments already approved by the INTC
draft plan approved by the CB on 12 December 2025 at the Vienna meeting

LS3 for n_TOF
LS3 will last till mid-2028 (n_TOF is using the PS)
considerable amount of data to be analysed during shutdown
preparing the plan of experiments for the LS3-to-L.S4 period

LS3-t0-LS4 period and post -LS4
experimental program with focus on Nuclear Astrophysics, Advanced Nuclear Technologies and
Basic Nuclear Science and Applications
plan construction of the Gen-IV target station (to be installed during LS4)
planning of the post-LS4 experimental program
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