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Overview of the AL

- Oslo Cyclotron Laboratory
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o0 Programme Advisory Committee (PAChccess to ALTO L .
o Last call for proposals : November 2G24anuary 2025 F HH 9SS 1 a 2+ 0S|
0 Last ALTO PAC : February 2025
o The PAC has now a fixed mandate (4 years)
President -
BogdanFornalg IFJ PAN Krakow, Poland A . ,\
4 NL_ 1 '/
Members . Acceélérateur Lineaire et Tandem a Orsay
Michael Bloclc GSI, Darmstadt, Germany Scientific Coordinator
Wilton Catfordc University of Surrey, Guildford, United Kingdom E.MinayaRamirez
DenisDauvergne; LPSC, Grenoble, France Technical manager :
Francois Q h f i GA\M_NJaen, France A. Said _
JeanPaulEbranc CEASaclayFrance Thin layers service :
Andrea Gottarda; INFN Legnarg ltaly E. Blanc, ALimongi
PaulGreenlees; JYFLJyvaskylaFinland Tandem service :
Beatriz Juradg LP2iB, Bordeaux, France E. Borg, ABouafia F. Fahy,
Silvia Leong University of Milano, Italy R.Leplat M. Mangang S.Semsoum
CaterinaMichelagnolig ILL, Grenoble, France Linacservice _ _
Marie Vanstallec IPHC, Strasbourg, France F.Debray S. Jourdain, F. Lemaitre Tkanchard
23/09/2025 Enrique Minaya - EUNPC 2025 B B 5
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Overview of the

Tandem Accelerator Stable beams :
-H,3He,*He, ...,'*C ...up to 1°’Au
- Terminal Voltagec1 MVet 14.5 MV

ALTO HEB

- Beam pulsation system : pulse size2 ns pulsation period 100 ns- 100> a

- New ion sourcé? Intensity x5A Difficult beams (Mg, Ca)

57 58 59 61 62 64 66 69

La Ce Pr Pm Sm Gd Dy Tm
89 90 91 92 96 97 98 100 101 102 103
Ac Th Pa Cm Bk Cf Fm Md No

https://alto.uclab.|n2p3.fr/en/famhty/alto -heben/heavy-lons/
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Unique, naturally directional quasionoenergetic neutron source:
ALTO HEB A Low background

A High Flux10® n/s/steradian

A E=0.5-4 MeV

H gas target

\

0.5 pA “Li
13-18 MeV

n

9 \Sample

Lithium InversednematiquesORsayNeutron source

23/09/2025 Enrique Minaya - EUNPC 2025 8
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% NBall2 : campaign at

2018¢ 2019 : First campaigwith the highLJS NJF 2 NX - yErdySpeotrometer

ABall coupled with LICORN®®b ® 2 Af a2y Sd | f ®X aG! y3IdzZ | NI, NaeS5Iai(2axl) 566
I SN 3S aLIAya SEGNI OGSR T 2neatréndh8ugdd fsgich yis2Tyi,620 &rfdl the dpiarieoiz® S |
fission (SF) oP2CfA fragment spins are uncorrelated, revealing the pssission nature of the mechanism.

iz DRy 1 LR A U A > N g s
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il | o\ > i < : 3 \ >
Sy o Vivaa | b v 1 ek R o O §) e
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2022 (week 14) and 2023 (week 25)
{SO2y R OF YIBRIA 3y

16 experimentsapproved,12 completed,
8 experiments financed by EUROLABS
and ARIEL160international visitors

A
A K.Miemik et al., FissionoPCNJ 4 (i dZRA SR 4A G K 3IPHLIBOGNRHAORAIEMB YSHIK2RAET

A M. Ciemala et al., Feedingf the ResiduaStatesvith GDR gammBecayStudiedoy nuBallCoupledvith PARIS®cta Phys. Pol. B Proc. Suppl. 16 (2023 4

A D.Gjestvanget al., €xamination of how properties ofiasioningi @ 8 4 SY A YL} OG A &2 Y S NA CPhes RV (R08NA0TBNOR4E022 F G K S
A

A

A

G.Pasqualatb Y R Wobd 2-At &2y 5ELIKERY &y (Nutlea®hy¥idsINewd, g426 (P024)[ ¢ h €
S. Leoni, Brorna)]N.a NNB AIYYSR yWob ® 2 Af 32y 3 QQ{ KIF LIS A &2 YSNAY Ed&riPhyd.dzBpet. YoR. 223 NHA DB A §S
/| ® 1 A @S NEresQuiion ktddi®sSof iGomdridKate$ifU withthenu. | £ £ H & LISACEPNBINGD GnE NI TRS5 (2025)

Talk by J. Wilson 23/09 at 14h40
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http://dx.doi.org/10.1140/epja/s10050-023-01051-2
http://dx.doi.org/10.1103/PhysRevC.108.054608
https://doi.org/10.5506/APhysPolBSupp.16.4-A3
http://dx.doi.org/10.1103/PhysRevC.108.064602
https://www.tandfonline.com/doi/full/10.1080/10619127.2024.2336429
https://doi.org/10.1140/epja/s10050-024-01401-8
https://www.actaphys.uj.edu.pl/fulltext?series=Sup&vol=18&aid=2-A25

SPLI-P

The main fields of investigation addressed with the Sgfible magnetic spectrometer are
the origin of the nuclei in the Universe and the properties of atomic nuclei

| Full refurbishment of the SPLUFOLE
A bSg aeaidsSY F2NINB3Idz I dAy3a GKS LI2sSN
< 10 ppm)
A Reaction chamber repaired (new moving window, new seals, new mechanics) :
coupled to the spectrometer
A All the belts driving the mechanical systems (acceptance slits, focal plane posit
etc.) have been changed
Development and testing of a gas target at the spectrometer's focal plane
A 200 mbar, 1 cm thick
A used for reactions astrophysical reactions involving gaseous species (Ne, N...)

SPLITPOLE

September 2024 : What is the contribution of classical novae? Cwgl TTTOTT TTTI T 117
M RS LISy R%AI(R2)FSi igdcton .

The proposal aims at measuring the neutron spectroscopic factors for known resonance¢ .

in the mirror nucleus ofAl: 26Mg. These factors will constrain the values of proton o

widths in26Al, for which no information is available. This will improve knowledge on one &4 \‘J\
of the 4 key reactions for nova&Al(p; )?¢Si. : KJW\J h MMWJ :ﬂ y

05
Bp (Tm)
— "Cd.p)

N. deSereville F.Hammache et al. — Mgap)

“Al(d.p)

23/09/2025 Enrigue Minaya - EUNPC 2025 10



Control and acquisition room

% SPACE ALTSxdtion Pout QA NN

Goal : increasethe added value of ALTOfor industrials First by increasingthe thin targets

activity and secondby deliveringspecificbeam characteristicyequestedby industrialsclients
(mostlyaerospaceandustry)for electrons,neutrons,protonsandheavyions.

V Beam line and sweeping system installed by an external company
V Dosimetry system integrated

V A New experimental area with higierformance and exclusively dedicated to the
preparation of irradiations was mandatory.

Beams Energy (MeV) Maximum flux

Environment test Irradiated surface

Protons 0.02-30 10'2 p/(s.cm?) In air from 20 x 20 mm?2

2

Electrons 1-50 1012 e/(s.cm?) Under vacuum up to 30 x 30 cm

Under gas pressure
lons 1-300 102ions/(s.cm?)  -170°C to +200C

Neutrons 0.5-8 108 n/s/ str In air up to 10 x 10 cm?

A. Saidet al.
23/09/2025

Enrigue Minaya - EUNPC 2025
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‘B BioALTOnew beamline @ ALTO d

Motivation

o Closure of Van de Graaff accelerator at IP2l and migrati®adioGraaff
radiobiology setuggio ALTO.

Accelerator and platform expertise BIClalSCALP, ALIO X 0 &

Increased developments in dosimetry and radiobiology at FeadayJniversity
o Develop a reference facility for hadron therapy researchi@tabn collaboration
with the IP2I and the LPSC.

Promote the research activities carried out in hadron therapy haé€-rance.

o Contribute to the network of irradiators on a national scd&eg¢plandinetwork).

o O

o

Requirements of radiobiological experiments:

V' Monoenergetic beams : :
resolution better than 0.1 MeV A The support of the cell plates and detectors is remote controlled with a robotic arm

V' Homogeneous irradiation field insidea temperature-controlledenclosure
within 2% over Deny A Possibilityof irradiatingmultiple wellswithout the needto enter the controlledarea
V' Precise dose A Developmenin beammonitoringand micro-dosimetry
V' Precise dose rate
V  Reproducibility March 2024 : Characterization of 3icrodosimeter for theBioALT(platform
/' Strict irradiation calendar A Calibration of 3 chips (each containing 50 sets cfiB€rodosimeter)
Possible available beams: A Monoenergetic alpha beam: from 5.75 to 20 MeV
- Protons A Validation of the calibration curve for the energies availablBiaALTO
- 4He,12C 160 and others A Vvalidation of beam visualisation akdmparaisorwith radiochromidfilms
- High dose rate beam (flash) P.Laniece(lJCLap A.Leite(IJCLah M. Beauve(IP2l) et al.,

13
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Radioacti

March 2012: Operating licence from nuclear safety regulatc
ALTO LEB May 2013 : Alto Workshop

@ First operational RIB facility based on phofssion
A populating the GDRf 238U(~10 f/s)

59 Pr
58 Ce

56 Ba
55Cs

54 Xe 94 o
531 92
51b[ 90
49 In 86

% M 51055100
7 B 10s-510¢
7] 5107108
o8 []107-5107
. 66 [ 5100-107
measured in 2006 (ALTO M 105-510°
.. _*_J_l [ ] 5105- 108
commissioning phase) g & — i
|1 Isa

. B 10¢- 10
hot plasma ion source mau 8 B stable

46 48 50

70

62 64

3
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Electron Linac
50 MeV

RIALTO

KickeeBender
(35°)

Targetion
source vault

Production

ALTO LEB Observation " Mass separator

(magnet dipole)

23/09/2025 Enriqgue Minaya - EUNPC 2025 15



ee

D Accessible elements

Y Observed elements

"W Laser scheme tested with radioactive beams

N Laser scheme in preparation 13
Al
31
Ga,
49
In

22 23 24 25 26 27 28 29

Ti \" Cr Mn ke Co Ni Cu
48
Cd
80
Hg
112
Cn
65
Th
97
Bk

() | N7 N)
u!

40 41 42 43 44 || 45 46 47
Zr Nb Mo Te Ru Rh Pd Ag,

72 73 74 75 76 || 77 78 79
Hf Ta w Re Os Ir Pt Au

104 || 105 || 106 || 107 || 108 || 109 || 120 111
Rf || Db || sg || BA || Hs || mt || Ds || Rg

Tollow|zw Pz R
!H!HHHH
rollmuflow|flov||Zr(lo o

v oo |5 ®|lo ofle V||

57 58 59 60 61 62 63 64
La Ce Pr Nd Pm || Sm Eu Gd

89 90 91 92 93 94 95 96
Ac Th Pa u Np Pu Am || Cm

© o =R

Cf

https://alto.ijclab.in2p3.fr/en/facility/alto -leb/production/

Targetion
source vault

RIB produced by phOtOﬁSSiQn"'?‘,t,...Al-—-_T\.Qf

o >
Extraction

M t
ALTO_ LEB ass separator clectrode

(magnet dipole)
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% Production of Ra

Legend: .
A Strong demand from nuclear physics for — 4 \:f.‘-.
exoticbeamsto studynuclearstructure ' UC, target source Transtert | x. 1 L e
A Production of radioactive beams at ALTO 21| container P
ISOLl(IsotopeSeparatiorOnLine)method & ¥ produced by bremsstrahlung '-.
¢ Radioactive atom N N e
¢ Radioactive ion ‘ KT e
8 &'és 8‘53 "|8 i Ta "I "I Diffusion /—____,-— ——————————————— :‘Ll
— Effusion ’

’ \
1
WA _
1% V »

\ —
[ o

\\r\
Tantalum

oven

Mass
Spectrometer

" "Hi HHHH
o porosity
O A R X \ \ \
radioactive ions
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% Production of Radi

Density and release properties of UCx targets on the fission product yields at ALTO

R b ; e ¥ LR 1,30
, L e 120 |
3 o 1,10 f
D g 10
325 N =2l
'qg 4 p=3.42 g.em? —Eo:g g;l"c \;] 2’38_
- p=2.78 g.cm® | No. i o 0 s
% 2l . —No3 A(:/ = oe |
=1.68 g.cm? - em? ] 0,50 E
51.5_— /i i pzlisg_c L ) 0,40 |
N [ p=1.1 g.cm? 0,30 i T ——
é’:’ 1‘_ i 1,00E-02 1,00E+00 1,00E+02 1,00E+04
= | Ty, (sec)
S 0.50 : CNT (Carbon
[ Nanotube)
o Thenew R&Dtarget basedon CNTis 3 timeslessdensethan a
0 5 10 15 20 conventionalPARRNearget. For Sr,Csand Kr the R&Dtarget
D,/Dg compensatests low densityby its releaseefficiency
Exitrates of Kr, St Sn,Sb, Te |, Csand Baisotopeswith half-life lessthan 100
secondsfrom targetsNos 1 to 14 relativelyto the target No. 8 asa function of J. Guillot, BRoussiérest al., NIM B 468 (2020) 1
the ratio of the diffusioncoefficientin the target n overthe diffusioncoefficient J. Guillot, BRoussiéreet al., NIM B 440 (2019) 1
in the conventionaltarget a) representationof the samplesonly carburized J. Guillot, BRoussiéreet al., NIM B 433 (2018) 60

23/09/2025 Enrique Minaya - EUNPC 2025 18




Production of Radio

STudiesof UraniumCompounds (STUCH Releaseiroperties crystal structures
Experiment performed in July 2023 with protons at 26 MeV

—+-UC, —+UC = UBC = UB, Kr Te S‘b S‘n Sr B

100 ¢ 100 100
90 [ 90 90 [
80 | — 80 80
S 9
P—] T:’ 70 |fo-eeeeeev & 70
= g g
= 60 e e 2 60
g g 5
= 50 E 50 2 50
2 o =
[ 40 E 40 '§ T R —
o o 7
2 30 8 30 cEdl:
- 3}
é 20 & 20 20
10 10 10 o .
.................................. T
0 0 0 b i il v S
50 100 150 200 250 300 350 0.60 0.65 0.70 0.75 0.8.(} 0.85 0.90
Atomic Radius (pm) Crystal packing fraction

In this study,four uraniumcompoundgUG, UC,UBCandUB,) were synthesizedo investigatethe releasebehaviorof 11 fissionderivedelements
- Analysiof the experimentakresultsshowedthat crystalpackingfraction and atomicsizeinfluencethe releaseof the elements

- Krypton,anoblegas,showsa linearrelationshipbetweenits releasefraction andthe crystalpackingfraction.

In contrast, the releaseof the other elementsis influencedin a complexway by the chemicalenvironmentand the atomic size A study of the correlationsbetweenthe
physicachemicalproperties of the elementsrevealedthat chemicalproperties control the mobility and reactivity of elements

J. Guillot, BRoussiereet al., NIM B 559 (2025) 16560C
23/09/2025
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% Molecular Be

Interest of the molecular beam technique:

Vv To improve the release of refractory elements by forming molecular compounds more volatile than the elements
Vv To purify by mass-separation a beam by forming a chemical compound with only one of the isobars
Vv To reduce the effusion time

Experimental procedure
Molecular beams are obtained at ALTO by adding CF4 or S in gaseous form into the graphite container well adapted
to the short target configuration and composed of three parts: the gas inlet section, the target chamber and the
tube.CF4 is introduced using a gas-inlet system composed of four calibrated leaks manually adjustable, without any
electronic component inside and thus resistant to the hard on-line running conditions. S is introduced using an
ancillary oven located inside the target + ion-source system.

30 T T T T T T T ] Ty o YT T ey T TG
r = Surface ionization ion source | - £00 B 1096 keV 1*b Mass separator set on: § |
5k Tuarger = 800 A = L — A=133 ]
L Tsource =365 A ] L 818 keV'¥Sh — A=167 1
0E LaF, CF4=2.55x10" mbar-l/s 3 600 1= 9
sl . 837 keV 'Sb
S sF PIF> 3 £ 962 keV FSn 1272 keV '¥Sb
= | Sronlp 1027 key s [|1115 keV'Sb ]
s PrF YbE E & 1305 keV¥Sb | 1305 keV 1¥Sb |
LaF Y I \| ]
BaF SmE ATJITT 1 200 ]
sk Eu [TTT . 1
i mm n HoF lﬂ’l HoF j
0 A .A.l l nah L | A ~
T e e e T & ST o e e St ren o e T o T T B o h o e i o o o B e e 25 o
150 160 170 180 190 200 210 800 900 1000 1100 1200 1300 1400
Mass number E, (keV)
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‘05 FRISAL project : Robotic Fr

A Obijectives of phase 1
A Increase Frontend reliability for RIB production
A Upgrade of the RIB acceleration from 30 kV to 60 kV

A New Frontend mechanics adapted to the robot

A 2023 upgrade of high power cables
A stability of the temperature applied on the oven

A Obijectives of phase 2

A Implementation of the Robot at ALTIGEB
A Increase the number of RIB experiments

A 2023 : main movements validated
A advanced tests at ALTO

A Summer 2024 : first test in area of
the targetion source vault

-3 F) \
@ALTON
N. Gandolfg

23/09/2025 Enrique Minaya - EUNPC 2025



“ RIALTO : Laser Resonance |

EdgewaveNd:YAGoumping laser (532 nmgp 355 nm, 100\ W32W-80W, 10 kHz rep rate, 10 ns pulse width)

A 3
A 2 Radiant Dyes +Lioptecdye laser (54®00 nm), up to 5 W@20 W pumping, 10 ns pulse and 3 GHz linewidth
A 2 BBO doubling and tripling units (285 nm), <1 W

Atomic Beam Unit (ABU)

Laser room To target
& Piez:—:ixrc:éjrated ------ -
Motorized e o
mirror JOPREC — H
%"7 Fliprable Dye Laser "-,_
s 10 e,
e . o -/ _7_“" : f‘:-’t ) ' &u-uuu-‘y
Nd:YAG 7 & ‘),’ Nd:YAG = i PBE Radiant
(35W)  gFEN (100 W), ‘ E: Dye Laser i) 74 : &%
I_IE Paﬂiﬁﬂz ) ¢ Sy y
4 . . . — PBS;?;IZ : ely i
A Beam Distribution System upgraded "t A ! T o i
A Beam Stabilization System upgrade . —_ Bl oo
A Tripling frequency for Zn, Sh - Ny =
A Switch between both laser schemes KRS o) | G
performed '
NS : PSD

F. Le Blanc et al.
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% RIALTO : Laser R

600

£ — A
g ~ ——  laser ON 532.0 nm 9
3 — X% ; 1;:5'“?;; 611062 cm-2
— Ag—-123cd -P.
500 - % % [0 12304123,
- . 48764.2 cm™*
— i @ O 123, 1235, 546.7 nm
400 - : K A 1235, 1235,
— e 30472.7 cm™
300 - 328.2 nm
Mm 0cm~?t
200 —
532.0 nm
100 B 48387.6 cm™*
0 :o- | [ I [ P L 1
100 400 500 600 700 800 7L T em
Energy (keV)
: . 287.5 nm
Experiment performed in November 2023
A. SegoviaMiiranda et al., "Upgrades of the RIALTO facility and recent laserized beams of radioactive
0cm™t

gallium and silver isotopes", Nuclear Instruments and Methods in Physics Research A 1080 (2025) 170785
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% RIALTO : Laser Re

. . 532 nm
Radioactive beams of Zn and Ga at ALTO
100 Zn T 636.4 nm
Masse 78 LASER ON 400 [ 224.8 keV (43.9%)
Masse 78 LASER OFF
300 _ 181.7 keV (28.1%) 213_9 nm
300 | /N 200 | e ) )
. : e feda Zinc production
100 f 1.00E+09 §
s 1.00E+08 E
200 1 160 180 200 220 240 260 280 300 :
i E (keV) 1.00E+07 [
1.00E+06 k
% 1.00E405 E
100 v :
6 1.00E+04 [ .
< ; <
1.00E+03 E .\‘\ NN
—%— &.ISOLDE >,
i 1.00E+02 [ —o— ®-TRIUMF b
3 —e— D _coll (2025)
0 1.00E+01 r —8— @ corr_tr
£ —=5--D (4.9%)
1.00£+00 L[ : : ‘ ' :
Experiment performed in February 2025 72 4 76 8 80 82 84

J. Guillot
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MLLTRAP

Electron Linac
50 MeV

KickerBender /
(35°)

Targetion
source vault

ALTO_ LEB a separat ]

(magnet dipole)
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ALTGLEB :

Beam MLLTRAP : high precision mass measurements
I [PUIEE A under commissioning

RIB ~ 0.1 keV.
preparation /
RIB ~ 3 keV
Beam /
transport

RIB ~ 30 keV

TISS

Bender
(59°)
Mass separator . C _
KickerBender (magnet dipole)  Agmassesn the vicinity of N =82
(35 A impactr-processabundancesn

neutron star mergerevent
High voltage alkali ion source
Measurement campaign with thEmittancemeterfrom IPHC Strasbourg
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