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4/ NEUTRONS - CONTEXTE HISTORIQUE
Wi\

Une bonne partie du progres scientifique et technologique repose sur notre capacité a comprendre et modeler
la matiere (inerte ou vivante).

Le neutron est une sonde privilégiée (voire essentielle) pour explorer sa constitution/structure/dynamique.

— Un besoin estimé a ~800 expérience/an - (communauté: ~600 utilisateurs)

2(ieme { 1971 : UEurope se dote d’'une installation basée sur un réacteur : le RHF (ILL).

siecle | 1980 : La France se dote d’une installation basée sur un réacteur : ORPHEE (LLB).

Jusqu’en 2019, la recherche et I'industrie francaises ont donc pu bénéficier d’ORPHEE, pour assoir une position
de choix dans la compétition internationale. Cette installation a servi environ 500 expériences/an.

Sa fermeture n’est pas la conséquence d’'un manque d’utilisateurs.

2036 : Fermeture annoncé de I'ILL

Changement de technologie : Réacteurs = Accélérateurs.

2qieme { L'Europe se dotera d’une installation basée sur un accélérateur de particules : ESS.

siecle —> Doter la France d’une installation basée sur un accélérateur de particules : ICONE.

HiCANS : High Current Accelerator-driven Neutron Sources



4@/ CONE - HICANS
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Objectif : doter la France d’une source « accessible » a I'échelle d’un pays, et qui ne recourent ni a la
construction de réacteurs nucléaires coliteux (type ILL), ni a la construction d’accélérateurs a tres haute
énergie (type ESS), dont il sera complémentaire.

HiCANS :

* lons légers, gq 10 MeV, pulsé et courant créte élevé

* Sans matiere fissile

* Pas une INB

e De 20 M€ a 200 M€ ( ESS : 3G€)

 Empreinte au sol ~1 terrain de foot vs 50 pour ESS

e Evolutif (upgradable)

* Plusieurs cibles

e Jusqu'a 5 instruments par cible (eg. powder diffraction, SANS, reflectometer,
imaging, TOF spectroscopy, etc...)

* Des performances similaires a celles des réacteurs a flux moyen




4/ ICONE EN FLUX

Wi

Réacteurs : Fluxopppge ~ 1/10 FluXgye

Accélérateurs : Flux,cone ~ 1/30 Fluxge

Flux sur échantillon [/s/cm2-normalisé]

Diffraction
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Radiographie
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Spectroscopie TdV

NB : du fait de la variété des instruments et des sources,

SANS

Réflectivité

seuls les ordres de grandeur sont vraiment pertinents.

——ESS
——ILL (RHF)
=== |CONE

LLB (ORPHEE)



4/ ANALYSE BESOIN (~2010)

'2\ Chaque besoin

nécessite un flux différent sur tel ou tel instrument

Number of needed

] 4
experlments

Expérience

5 standards nécessitant un flux intense, mais pas extréme

(une telle expérience peut tout de méme étre cruciale pour la science)

Expériences spécifiqu

nécessitant un flux faible ~800

Le besoin francais vers 2010 est/était de I'ordre de :
~800 expériences par an (données ILL + ORPHEE).

Expériences phares nécessitant un flux
- "*7// extréme (dynamique, petit échantillons...)

104 103

Relative Neutron flux

»
»

Normalizeo
Notes pour comprendre

102 101 100
on instruments [/cm?/s] ..,
to ESS flux



@/ ORPHEE+ILL (<2019)
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Number of needed
experiments

ORPHEE Flux ILL FJux

Peut se
Qncentrer

Flux Moyen Intense de neutrons = LLB
1/6,5 [exp/j/inst] x~15 [inst] x 180 [j/a]

~ 400 expériences par an pour la France
Un excellent complément de I'ILL

- Flux Moyen Extréme de neutrons - ILL

v

103 102 10°

Relative Neutron flux|on instruments [/cm?/s] ..,
Normalized to ESS flux

104

Notes pour comprendre

1/4 [exp/j/inst] x~20 [inst] x 160 [j/a] x 25%

~ 200 expériences par an pour la France
Arbitré par I'excellence et FME



4/ ILLSEUL (<2030)
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Number of needed
experiments

ILL FJux

- Flux Moyen Extréme de neutrons - ILL
1/4 [exp/j/inst] x~20 [inst] x 160 [j/a] x 25%

entreL ~ 200 expériences par an pour la France
as y
Arbitré par l'excellence seule

104 103 102 101 10°

Relative Neutron flux|on instruments [/cm?/s]
Normalized to ESS flux

v

norm

Notes pour comprendre



@/ |LL+ESS (<2036)
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104

Notes pour comprendre

1073
Relative Neutron flux

Normalizeo

Number of needed
experiments

102

on instruments [/cm?2/s]

to ESS flux

ILL F

Nouveaux b

101

ux ESS, Flux

esoins

Peut se
concent

norm

1/4 [exp/j/inst] x ~20 [inst] x 160 [j/a] x 25%
=~ 200 expériences par an pour la France
Un excellent complement au besoin

- Flux Créte Extréme de neutrons = ESS
1/3 [exp/j/inst] x 15 [inst] x 180 [j/a] x 14%
=~ 130 expériences par an pour la France

Arbitré par I'excellence et FCE




@4/  ESS+ILL+ICONE (<2036)
"\ - Faibles flux dédiés > CANS

Numper of needed - Flux Créte Intense de neutrons = ICONE
experiments 1/5 [exp/j/inst] x 10 [inst] x 160 [j/a] x 100%

ICONE Elux ILL Flux ESS, Flux ~ 320 experiences aran oour la Frace
Un excellent complément au besoin

- Flux Moyen Extréme de neutrons = ILL
1/4 [exp/j/inst] x ~20 [inst] x 160 [j/a] x 25%

~ 200 expériences par an pour la France
htrer Arbitré par I’excellence et FME

- Flux Créte Extréme de neutrons > ESS
1/3 [exp/j/inst] x 15 [inst] x 180 [j/a] x 14%
~ 130 expériences par an pour la France

103 102

Relative Neutron flux|on instruments [/cm?/s] ..,
Normalized to ESS flux Arbitré par I'excellence et FCE

Notes pour comprendre
9




4/ ESS+ICONE (>2036)
"\ - Faibles flux dédiés = CANS

Number of needed
experiments

- Flux Créte Intense de neutrons = ICONE
CANS FIUX |CONE FIUX ”_L F ux ESS FIUX 1/5 [eXp/J/InSt] X 10 [InSt] X 160 [J/a] X 100%

~ 320 expériences par an pour la France
Un excellent complément au besoin

- Flux Créte Extréme de neutrons > ESS
1/3 [exp/j/inst] x 15 [inst] x 180 [j/a] x 14%
=~ 130 expériences par an pour la France

103 102

Relative Neutron flux|on instruments [/cm?/s] ..,
Normalized to ESS flux Arbitré par l’excellence et FCE

104

Notes pour comprendre
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4! ICONE: an Innovative COmpact NEutron facility

.
Sulv projet: | APD : 2024-2026
COPIL : Semestrielle
Conseil scientifique : Semestrielle

Réunion management projet : Hebdomadaire
Réunion d’avancement WP4 : Mensuelle

Comité de Direction (CEA, CNRS, Ministére)

Comité de Pilotage (CEA, CNRS)
Enjeux académiques,

industriels et sociétaux / WP1: MANAGEMENT DE PROJET

Pilotage du projet (Budget,
\ Planning, risques...)

Consell RS CP

Comité
Scientifique A. Desmedt (LLB) N. Pichoff (IRAMIS)

des Ressources

PMO
M-A. Cavrois-Desmier (LLB)

WP2: INSTRUMENTS WP3: CIBLES-MODERATEURS WP4: LINAC
X. Fabréges (LLB) F. Ott (LLB) D. Uriot (IRFU)

WP5: INFRASTRUCTURE
A. Ferland (IRAMIS)

Utilisation des neutrons Production des neutrons Production des protons Hébergement de l'installation



4/ MPLANTATION POSSIBLE

' ‘\ L'implantation n’est pas encore décidée par les tutelles.

Le centre de Saclay nous a proposé
d’évaluer le terrain ci-contre -

Sa surface est bien adaptée.

Il est tout proche du LLB (<200 m)
et de la future gare (<400 m).
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CONFIGURATION POSSIBLE PHASE 1&2
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4/ CONFIGURATION POSSIBLE PHASE 1
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2026 2027

Phase 1 Construction

Instruments  Etudes

CMR Etudes Construction
Linac Construction

Infrastructure Etudes

Phase 2
Instruments
CMR

Linac
Infrastructure

?  PLANNING

2028 2

Construction

Construction

Premiers

(WP1)

N

protons

029 2030

Etudes
Etudes

|Etudes
IEtudes

Consolidation
des colts

2031

eutrons

cible 1

Installation
: Installati
linstallation

Installati%:n Commissioning

Installati Commisgioning

Consolidation
des durées

Utilisateurs

S O pera%on

omm|55|on|ng Bperatlon

:Operatlon
1Operation
\Construction
1IConstruction
IConstruction
(Construction
IConstruction

Consolidation des

performances

Utilisateurs
Neutrons phase 2

cible 2

Install: Eg?nqﬁagﬁae |2 ghVSICS

] ar
Install mmiss Operation

Installati Commiss Operation
Installati Commiss Operation
Installati Commissioning  Operation

16



4/ JALONS DE UAPD
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v

Pré-2024 : Etudes APS avec rédaction du livre blanc

15/01/2024 : COPIL#01
08/04/2024 : Réunion de lancement
04/05/2024 : Conseil Scientifique #01

30/06/2024 : Etablissement des exigences

18/11/2024 : Conseil Scientifique #02
09/12/2024 : COPIL#02

S

............................

Décembre 2025 : Revues de design

2024

2025



Exigences

WBS - Travalil

DELIVRABLES — WP1

50147

1211

18611.2.1.2

1.2.2
123

U124
471285
14301.2.6
1608/2.2.7

INSTRUMENTS

From ICONE (WP1)

From INSTRUMENTS (WP2)
From TMRs (WP3)

From LINAC (WP4)

From INFRASTRUCTURE (WP5)
TMRs

From ICONE (WP1)

From INSTRUMENTS (WP2)
From TMRs (WP3)

From linac (WP4)

From INFRASTRUCTURE (WP5)
LINAC

From ICONE (WP1)

From INSTRUMENTS (WP2)
From TMRs (WP3)

From LINAC (WP4)

From INFRASTRUCTURE (WP5)
INFRASTRUCTURE

From ICONE (WP1)

From INSTRUMENTS (WP2)
From TMRs (WP3)

From LINAC (WP4)

From INFRASTRUCTURE (WP5)

4 Début Phase 2

Début Construction Phase 2

Début Construction Phase 2 seule
Fin Construction Phase 2
WP1-MANAGEMENT
WP2-INSTRUMENTS PRODUCTION
WP3-TMRs PRODUCTION
WP4-LINAC PRODUCTION
WPS-INFRASTRUCTURE PRODUCTION

Unit| Limits

0jr
ojr
0jr
ojr

364 sem.
364 sem.
156 sem.
364 sem.
364 sem.

Value|Comments

Internal Requirements

Internal Requirements

Internal Requirements

Internal Requirements

Sam 05/01/30
Sam 05/01/30
Ven 30/12/33
Ven 26/12/36
Lun 07/01/30
Lun 07/01/30
Lun 02/01/34
Sam 05/01/30
Lun 07/01/30

za:n_gm
Sam 05/01/30
Ven 30/12/33
Ven 26/12/36
Ven 26/12/36
Ven 26/12/36
Ven 26/12/36
Ven 26/12/36
Ven 26/12/36

|573 sem. Lun 05/01/2€|Ven 26/12/3¢| ittt #isi#n #Hu| #EH1HE a1 R
11 | Phasel-Construction 417sem. _Lun 05/01/2€\Ven 30/12/3: it aiuitis wisitis [T
¢ Y Début Construction Phase 1 Ojr Lun 05/01/26 Lun 05/01/26 0,00€ 0,00€ Osem. 0,00€ 0,00€ 0,00€
112 Fin Construction Phase 1 0jr Ven 30/12/33 Ven 30/12/33 0,00€ 0,00€ Osem. 0,00€ 0,00€ 0,00€
113 WP1-MANAGEMENT 417 sem. LUN05/01/26 Ven 30/12/33 sttt SUnuuununy SUSSnun suugass, suununnn saununpn
9114 WP2-INSTRUMENTS PRODUCTION 417 sem. LUN 0S/01/26 Ven 30/12/33 Sttt Suntuuny Sunum SUuunnmg, Susnsnn s
%118 WP3-TMRs PRODUCTION 417 sem. LUN0S/01/26 Ven 30/12/33 ittt Sumttstn SR SRUSINIS SUNTHIHNE S
41.1.6 WP4-LINAC PRODUCTION 417 sem. LUN05/01/26  Ven 30/12/33  Huumuitn Sumumumi Qs Suunuuin Sunnaunmg gy
WPS-INFRASTRUCTURE PRODUCTION 364 sem. LUN05/01/26 Ven 24/12/32 sttt SUsuuununy SUSSI SONemen Sunnunm s

0,00 € 0,00 € Osem. 0,00€ 0,00€ 0,00€
0,00€ 0,00€ Osem. 000€ 0,00€ 0,00€
0,00€ 0,00€ Osem. 0,00€ 000€ 0,00€
0,00€ 0,00€ Osem. 0,00€ 0,00€ 0,00€

HEEUEENNL SUUMRANNNY SHRHREL Suna saunshann anasann
HEEREEEEE GURARAGNGN SRR SRGRGERE suntenann apasanans
URRRGHENE QURMAINR SRR BRGNENG SUSRERAN pnununan
UREHUNNNN RUNARSRNNT SURRAL SRGUNSNN. sunLLR aranan
HEEBNSENG GHSISHNMN BURMRAG SRNNGNN aRRnunan anannnng

Level

0
1

N

p
P
P
P
2
P
2
P
P
P
P
1
p
P
P
1
P
P
P
2
P
2
p
p
p
P
1
P
P
P
p

Short
name

System

ICONE

Instruments
SAMBA (SANS)
NANOSANS (SANS)
PRESTO (Diffration)
DIFFHR (Diffration)
REFLEX (reflectometer)
FANTASTIC (Spectrometer)
INEDIT (Spectrometer)
IMAGING (Imaging)
HRSPEC (Spin-echo; RD)
PPGA
HF Test Line
HR Test line

TMRs
TMR-High Flux
TMR-High Resolution
TMR-Common

Linac
ECR proton Source
LEBT
RFQ
MEBT
IH-DTL
HEBT
RF Systems
Control System
COOLING
Vacuum
Infrastructure
Espaces controlés
Espaces support froid
Espaces tertiaires
Espaces Extérieurs

Type

Status

Rqr
Rqgr
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rqr
Rar
Rar
Rar
Rqgr
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rar
Rqr
Rar
Rar
Rar
Rar

Delivery

date

31/12/2035
31/12/2035
31/12/2032
31/12/2035
31/12/2032
31/12/2035
31/12/2032
31/12/2032
31/12/2035
31/12/2032
31/12/2035
31/12/2035
31/12/2032
31/12/2035
31/12/2035
31/12/2032
31/12/2035
31/12/2035
31/12/2035
31/12/2030
31/12/2030
31/12/2031
31/12/2031
31/12/2031
31/12/2031
31/12/2031
31/12/2031
31/12/2031
31/12/2031
31/12/2035
31/06/2031
31/06/2035
31/06/2035
31/06/2031

Cost
[k€]

PBS - livrable



4[ICONE
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%&' APD-ICONE-WP4-LINAC t‘n

Didier URIOT et al.




4/ ORGANISATION DU WP4
| /AN

ICONE :
| Ingénierie systeme

A—- D. Uriot CEA/Irfu

Activités transverses

WP4: MANAGEMENT

Eléments magnétiques, Alimentations Q. Delferriere

Refroidissement E. Giner-Demange

Commande controle A. Gaget

Dynamique faisceau Systemes RF P. Hamel

J. Dumas Systéme Vide D. Chirpaz-Cerbat

Mécanique, 3D Diagnostics B. Bolzon
Seraphin Vetter

Taches principales

Tachel: Source + LBE

Tache2: RFQ Tache3: MEBT Tache4: X-DTL

G. Ferrand

Tache5: LHE

O. Tuske

I. Hamelin D. Chirpaz-Cerbat

J. Dumas

Produire 80 mA proton _ Accélérer 3 qq MeV Mise en forme L . P :
Structure temporel Qualification RFQ hecdkier 390 10NN == Diatribiution au %|Obles



4! AVANCEMENT — DASHBOARD APD - LINAC

—Resources engagées —Progression

Livre #4




4/ BOOK#4 - AUTHORS

1A04muther, IBOLZON Benoit, 1CADOUX Tanguy, 'CHIRPAZ-CERBAT Didier, 3Michele Comunian, 2Benjamin Cheymol,
IDELFERRIERE Olivier, 'DIA Ali, 1DISSET Gael, IDUBOIS Augustin, :DUMAS Jonathan, IFERRAND Guillaume, 3Francesco Grespan,
2Emmanuel FROIDEFOND, 1GAGET Alexis, 1GINER-DEMANGE Emeline, 1GOUGNAUD Francoise, THAMEL Pierrick, THAMELIN
Thibault, IKHLIFI Sabrine, 1LOTRUS Paul, 1LUONG Michel, 1Olivier Piquet, 2Andrea Pisent, 1ROSSI Fabrizio, 1SINANNA Armand,
ITUSKE Olivier, tURIOT Didier, *VETTER Seraphin.

1CEA, IRFU, DACM & DIS, Université Paris-Saclay, 91191 Gif-sur-Yvette, France

2CNRS, Nucléaire & Particule, LPSC, France

U 3INFN Legnaro, Italie

Livre 1 — Science (58 pages)
PBS : ~1500 items Livre 2 — Instruments (134 pages)
Cout ~ : 33 M€ +20 M€ L!vre 3- E.nsemble cibles-Modérateurs-réflecteurs (92 pages)
Livre 4 — Linac (450 pages)
Livre 5 — Infrastructure (25 pages)
Livre 6 — Management (18 pages)




4/ ACCELERATOR
"\ lon Source

|
| |

80'mA 7Si<eV 3.62 MeV 25 MeV

Main technical choices: Top level performance requirements

el T I
* Reuse of existing developer bricks
 Minimize risks and R&D _ Proton
i Construtiontime ——————— [ARRRE
Structure temporelle AU i}

0.2 ms —100 Hz 23




4/ CHAUD OU FROID ?
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Superconducting Normal Conducting

High energy Low energy
ICONE

Low peak current High peak current
ICONE

High duty cyle Low duty cycle
ICONE
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ACCELERATOR DIMENSIONS

Frame to support various equipment



4/. ACCELERATOR DIMENSIONS
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Linac 31x6.2x4 m3
Distribution 5.5x7.0x4 m?3
Manoeuvring 2.5x7.0x4 m3
wall guards 0.4m

ceiling guard 1m

Pedestrian chicane 9x1,2x2.5 m3

RC+LEBT-3.5m (0.75 MeV) MEBT-2.2m (3.6 MeV) XDTL-Tm (25 MeV)
315 !

cm
LINAC-31m_(40 MeV)




4/ |CONE
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WP4.1 SOURCE + LEBT

OLIVIER TUSKE, IRFU

Neutrons for
Materials Sciences




4/ 1ON SOURCES FOR ICONE
Wi

AMELIORATIONS

- Diminution du nombre de joints

® ALISESB |On Source - Concentricité des électrodes

- Encombrement réduit (diametre)

* Wlth 4 eleCtrOdeS : ;c;iisb(:;n:ji:l:)?éces diminué ° S”—H|3 |On Source
- Maintenance facilitée .
- Décharges Penning réduites (simulations OPERA) o Wlth 5 eleCtrOdeS

- Alignement sur la ligne au laser tracker 28



4! HIGH VOLTAGE PLATFORM INSIDE THE HIGH VOLTAGE CAGE

Wi

29



LEBT ON ITS BLUE SUPPORT AFTER THE HV CAGE

dOHD-1831

100

50
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PY4 RFQ : Proposition technique
L D\

* Proposition basée sur le méme appel d'offres ESS : livrée en 2019 et
opérationnelle depuis 2021 avec des résultats satisfaisants.

* La seule différence est une augmentation du cycle de fonctionnement
de 5 % (ESS) a 10 % (ICONE).

* Les simulations RF et thermomécaniques ont validé la conception de I'ESS
RFQ pour le cycle utile d'ICONE en y apportant deux modifications
mineures :

* Modification de I'emplacement du canal de refroidissement. Facile a
gérer pendant l'appel d'offres sans modification des dessins de I'appel
d'offres de I'ESS.

* Le doublement du nombre de coupleurs. Les ports de ces coupleurs
supplémentaires sont déja intégrés dans la conception de |'appel
d'offres ESS.The adaptation of the ESS RFQ to the ICONE

« Economies de co(its et de ressources humaines sur les parties étude,
conception et rédaction... de I'appel d'offres. Ces parties ont déja été
réalisées pour le projet ESS.

Representation of the ICONE RFQ

* Minimisation du risque technique lié au fonctionnement du RFQ. Les
premiers tests ont mis en évidence |'excellente performance du RFQ.



‘, RFQ : Technical proposal

viN

RFQ requirements

Requirement

Parameter

Frequency 352.21 MHz
Nominal beam current 80 mA
Output beam energy > 3.6 MeV
Local peak electric field < 2 kilp
Inter-vane Voltage <120 kV
Transmission >90%
Beam duty cycle 6 %

RF duty cycle 10%

Total length <5m

Max beam losses 99% of error cases [RAWi1

RF power required for RFQ operation

Pe, =
Py =
Py * Py =

A —
A —

Parameter Value

750 kW
225 kW
75 kW
210 kW
1260 kW
288 kW
1548 kW

3700 mm

Typical dimension of the ICONE RFQ

4700 mm

..

1 44414 » $=4 L 141

The RFQ sections design are ready for manufacturing.
The tender documents ready before end of 2025

ww 000€
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4/ BEAM DYNAMICS AND REQUIREMENTS

wiN

Match the beam from the RFQ exit to the IH-DTL entrance,
Steer the beam to the IH-DTL axis,
Refine the beam by scraping the beam halo,

Measure beam parameters, including:
* Current,
* Longitudinal and transverse emittance,
* Position,

Stop a low duty cycle beam during the commissioning.

TraceWin - CEA/DRF/Irfu/DACM

Main requirements for MEBT.

Parameter

Requirement

GV SC1 Q SC2+WS SC3 GV
+
=| = g g g z ) 0 2
(7] (=4 < = . & < . (=4 < Q
< @ @ o« @ 2] [ [ o @ =< o - ~
-~ & 3 ¥ = ¥ = ¢ B ¥ ¢ 5 g ¢ g 9
x £ ¥ 2 ¥ ¥
v | o Mﬁ_,.‘.a__..“‘*,)--_. . | =
g 5 I 5
o +H St +V 5t +H St +V 5t +H St +V 5t
— e
120 120
B L e >
75 57.5 B7.5 240 181 181 850 181 181 240 460
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
Position (m)

Medium Energy Beam Transport layout, from Beam dynamics studies.

Nominal beam current

Input beam energy

Particle

Beam duty cycle

Number of quadrupoles
Quadrupole gradient

Steerer strength

Number of buncher cavities
Frequency

Peak power per cavity

Total dissipated RF power
(w/o beam)

Effective accelerating field
Local peak electric field

RF duty cycle

MEBT total length

Max beam losses 99% of
error cases

80 mA

3.6 MeV
Protons H*
6%

6

32T/m
3mTi.m

2

352.21 MHz
<20 kW peak
<40 kW

143 -113 kv
< 1.5 kilp
10%

<25m
<1W/m



4/ REBUNCHERS (RBN1..2) & QUADRUPOLES (QP1..6)
wiN

GV SC1 Q SC2+WS SC3 GV
+
- 2 o
| ¢ 3 2
) = = &5 = g 8 S
= B 5 B g 389
g L \JJ
o +H St +V St +H St +V St +H St +V St
+—>» +—»
120 120
[ >4 >4 r4+———>4+——r4+——r 4 L ] L] >4 >4 >
75 575 675 240 181 181 830 181 181 240 460
T L L L L I L L R B I L L DL R L L B
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
Postion (m)
Pumping

Coupler

Steerer coil

ICONE MEBT’s Rebuncher, with 4 gaps.

Quadrupole coil

3D model of the ICONE MEBT line.
ICONE MEBT’s quadrupole geometry, including steerer.



4/ DIAGNOSTICS (ACCT BPM. )

BPM1
3D model of the ICONE MEBT line.
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DIAGNOSTICS (..., SCRAPER, WIRE SCANNER, ...)

+V St

+H St

-
@
o
¥
VSt

Dt MWI-SUS-LT —

+H St

+V St

+H St

TLO0¥-193W

460

240

181

181

181

181

240

W DY

1.4
Postion (m)

4 75 575 675

>
©
o
2
°
e
o
o
o
o
[
wd
v

One jaw of the scraper, ESS MEBT design.

3D model of the ICONE MEBT line.

ESS MEBT Wire Scanner



BPM1

&
o R

:

TLOOW-193M e

460

240

181

181

240

1.4

1.6

1.2

4 75 575 675

11X3 DY

Postion (m)

Faraday Cup based on the SARAF design.

3D model of the ICONE MEBT line.

Emittance meter slid based on LINAC4 design.
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4/ 'H-DTLVSALVAREZ DTL
Wi

IH-DTL solution:

* A set of cavities known as "IH" for "interdigital H-mode".

* Between the cavities, 2 permanent quadrupoles (doublet).

* |n all: 12 cavities, from 40 cm to 70 cm, and 24 quasi-identical quadrupoles.
 Steering a chaque period

Alvarez DTL solution:

* A single Pillbox-type cavity.

* A set of drift-tubes, containing the quadrupoles, included in the cavity.
e 2 couplers to power the cavity.

* This solution was studied by INFN for the ICONE project.

* Aucun steering




4! IH-DTL, ADVANTAGE VS DISADVANTAGES
Wi

Advantages:

* Small pieces (less than one meter), easy to replace if necessary.

* Low RF power in each cavity. Greater robustness of pieces.

* Independent adjustment of each cavity (phase/amplitude).

* Very little sensitivity to misalignment and manufacturing tolerances.
* Irfu maintains control of manufacturing.

Disadvantages:

* Low feedback on this type of cavity.
* Requires a large number of different RF amplifiers.



-/
L 7

IH-DTL (UNE ALTERNATIVE AU DTL)

(H-mode Drift-Tube-Linac)

Length (x11)

Alignment

E Field [V/m]

Max: 1.500E+07

1.50E+07
1.35E+07
1.20E+07
1.05E+07
9.00E+08
7.50E+08
8.00E+06
4 50E+06
3.00E+08

1.50E+06 4

0.00E+00

Min:  0.000E+00

Calculator Expressions Plot 1

:400a 750 mm
: 260 x 190 mm
: Pas de contraintes fortes

Ansys
2023 R1

44
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BPM dans le steerer



iIrst cavity, CINEL-Italie)

&Y

IH-DTL prototype (F




Sl T r——
Ooo67a88

G’r) ?/'(/)l/)(:’

s s SN C

e

O sosLL EVARE

g ‘/_(\'?_'EEKHI NoN

<< AT




CINEL

sclontific instrumants | a sass group company

pg. 1/11

Cea Paris-Saclay
91191 Gif-sur-lvette Cedex

REPORT No_0001_2025- 0049_2025

Mod. PRVEO1H2

Author:
Giuseppe V. Lamanna

Date and place:
Vigonza, 03-10-2025

Customer contract reference:
Order no. 4001070596, “IH-TDL ICONE Cavity” Sub-prr

CINEL reference:
Commessa 0001/2025 ‘

Subject:
FAT report

[ J
Checked by Project Manager  Released by 7 \ dare, date and stamp
M. Urbano Giuseppe V % « required)
To:  CINEL: M. Urbano :

CLIENT: S. Ladegaillerie

Ce: CINEL: K. Aouij, D. Chirpaz aur, N. Misiara, D. Uriot
Version Date Maodifications Author
0 03-1 Creation and first release GLA
No part of this docum. circulated in any form without the express written
permission from CINEL Sti. a

strument Scientifici CINEL 5.r.]. - CAP.SOC. € 78.000 LV,

35010 vigonza (PO —via dell’Ariglanato 14/14A - Tel, 049,725022 — Fax D49.8931881 - E-mall: Info@cinel.com
0OD. FISC. E P.IVA ITOD3571402839 — Tribunale di Padova REG, SOC. 13003 C.CLAA. PD 154288-MECC. PD 005625
Societa con Unico Socio ¢ soggetts 3ll'atvita di diresone e coordinamento di SAES Getters S.p.A

www.cinvel.com

40




4[, QP PROTOTYPE
ww Quadrupole doublet wih steerers & BPW
Radius radius integral [ -

65 mm 95 mm 37.1T/m 2477

\K

Aimant permanent a —geonﬂ‘@crles de type Halbach
— Optimisation des couts

* A base de neodymium iron boron (NdFeB), sensible aux neutrons,
approvisionnement difficile.

* Alternative : Samarium cobalt, moins sensible aux neutrons, mais
gradients atteignables plus faibles.




4! IH-DTL (RF DISTRIBUTION)

Wi




‘l IH-DTL : MAIN COMPONENTS
Wi

Coupler (712 e e

L MV/m MV/m

%3 “0 " 0.0900 11.2 10.2 28 1

‘ P10 0.0963 2.95 50.1 21.1 63.5
=1 0.1058 3.5 74.0 24.3 82.7
U 01167 3.12 74.8 21.8 104.1
= 0.1289 3.4 96.8 24.3 128.1
3 01418 3.4 106.6 23.5 142.3
0.1548 3.4 117.2 23.7 156.9
01679 3.4 130.0 24.1 170.2
“1 0 o0.as10 3.4 143.6 23.5 185.2
S 0.1941 3.4 158.8 23.7 202.2
S 0.2073 3.4 175.5 22.6 219.5
m 0.2204 3.4 194.5 22.5 233.4
1333 1716

Rendement : 57 %



@/ CASEMATE DE TEST A SACLAY
Wi\

)

~—=1+ 2400mm
-— 3600mm

Wl .

52



l ALVAREZ DTL : ESS EXPERIENCE

Advantages :

* Allows you to benefit from the experience acquired by the INFN
for the ESS project.

e ESS DTL is qualified. Little additional development required to
adapt it to ICONE.

* One piece, with one very large RF amplifier.

Disadvantages :

* No experience at CEA. INFN would have complete control over
the manufacture and installation of the DTL.

* In the event of a problem, repair would require dismantling a
large part of the cavity.

* CEA risks being dependent on INFN for maintenance.

T ) A * High sensitivity to misalignment.
"»".‘M ,, 00 * Longer manufacturing time.
/0“ 2 - ol 2 * Complicated RF tuning.




3D MODEL

ALVAREZ DTL

: 66
1 27

1 2

Drift tube

Post-coupler

Tuners

4

Steering

Length (m)

Samarium Cobalt quadripole
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‘l HEBT: SCOPE AND IMPLANTATION

Purpose of the HEBT: {
* Final beam delivery from X-DTL to HF and HR targets o

 Room for possible upgrade to 40 MeV

* Split beam according to pulse timing

Case 1: beam temporal structure (HF: 25Hz and HR: 50Hz)

[

0.4ms 1,6ms
Gap for HEBT
= kicker: 9 ms =

20 ms . ht _{Y ~

40 ms
{

HR

19.793

17. ?9_3

Case 2: beam temporal structure (HF: 20Hz and HR: 100Hz) ) g o=

135

02ms  Gap for HEBT

2ms
- kicker: 3.9 ms
e
I
S

* Prevent neutron backstreaming to the linac with 2
dipole setup per line

HR
HR

-4
s

Réservation 42,5 MeV

HR

50 ms

315

39.6

e Rectangular uniform beam shaping at targets with
octupoles for stability
e Achromaticity




SCHEME

HEBT

-

4

Element
d’optique

O Diagnostique

T
£ uy
Wy =)
= o
@]
HF-FC1
HF-SMG1
HF-ACCT2
HF-OCT2
HF-QP7
HF-PR2
HF-BPMSL2
HF-QP6
HE-QP5
A,
.O\._D:w
0,
A O&
Ory
QP8
QP7
QP6
QP5
PR2
QP4
QP3
QP2
QP1
PR1
ACCT1
T T T T T T
o o o =} o o
o o o o o =)
o o o o =} =)
@ © < ~ 4 4

[Ww] A uonisod

7500 10000 12500 15000 17500
Position X [mm]

5000

2500



l HEBT: DIPOLE AIGUILLAGE RAPIDE

Concept retenu: 1 dipéle d’aiguillage rapide +/- 10° suivi de 1
dipéle DC de déviation & gauche et 1 dipéle DC de déviation &
droite

1179

1528

L 1ge

Concept compact, poids réduit
Tension et courant de fonctionnement de
l'ordre de 820A & 3.5 kV

Paramétres dipdle rapide:
Quantité 1

Gap 30mm

Champ 0.4T

Rayon de déviation 1994.4 mm
Angle de déviation +/-10°

Paramétre dipdles C:
Quantité 2

Gap 30mm

Champ1.2T

Rayon de déviation 664.7 mm
Angle de déviation 35°- 40°

Profil du courant du dipole d'aigullage pour le faisceau du LINAC 20 Hz

Fonctionnement Pulsé Fonctionnement DC

Geéométrie Window frame bobines nugues relevées Géomeétrie en C type window frame Current ()

Culasse Ferrite bobines nugues relevées £

Hors vide Culasse XC10 L

Chambre a vide en céramigue ou en fibre de Blindage passif L

verre/epoxy suivant le niveau de vide attendu 500 it |

w

Paramétres alimentation dipdle rapide: Paramétres alimentation dipdles C i e

Quantité 1 Quantité 1 il

Mode pulsé 820 A x 3500V Mode DC450A x40V -

Aimant inductance 0.37 mH & résistance 6.2 m{] Commune pour les 2 dipdles cdblés en série .

Variation du champ de +Bo (+in) @ —Bo(-In) en moins Stabilité en courant 0.05%

de ozms L] o001 onr 002 004 00s 006 007 008 008 a1 o1 el ou 04 015

Pulse long durée 2 ms @ 20 Hz

Pulse court durée 0.1 ms a 400 Hz

Stabilité en courant et répétabilité des pulses 0.1%
|CUSTOMER: CEA CUSTOMER: | CEA Version CEA Linac 20Hz =
|SIGMAPHI REFERENCE: X SHGMAFHI REFEREMCE: X Current A B20
DESIGHATION: Dipole Rapide DESIGNATION: Dipole © Romping time 5 1 D0E-04
REVISION: HEVISHON: Flat top s 200E03
Beam magnetic rigidity Tm (R f_;"—"“‘m"“ righdty . - Romp dewn s T00E04
[Gap i 30,0 Neminal fieid T 120 Frequancy Fz 20
:Ollindrﬁﬂd | ,:| :’; AEENES TUINS pr poie Al 15000 Perlod s 005

mpere 1Ums per pole | b mm [Ty e ; o e
Deviafion radis e 19943 g 30,0000 D“:*. '[Q'::m '.mng,:"'ﬁr hape - G?z;im
Devigiior angle . 10,00 R B = T Duty foctor snus shape / 0,707 10478
Hognelic effective lenath mm 3481 Hurnber of cols et magnet [ F] Time (5] ‘Current [Al| Duty fagior 13 Idc (A | Dutyfactor
Mumiber of call per mognet I Fl =Ll g |l| L1L%) 0 1]
[Cument A 8147 rw| o 0,0001 8200 | 0577 22

H 44 Duty feetor | ::g 0,0021 820,0 1,000 1345
(1] Y Peak magnet resistive volt oge v | P

Ererpy step * 100,00% Power cable whugrdrap | ¥ —m 0,0022 0 0,577 2
Mime step for energy change 5 1,00E-04 Peok mas Hage L #7 005 0 0,000 0 167 0,20330401
Duty factar ! 0,24 Koonat DT power W B0
Peak magnet voliage b 33441 -
Feak magnat power kW 7310 - T sp— — e
Icgnet ver - r

cenet DO powe o 141 g (0/_.\

Magnat rotal weight estmarton | KQ 150 -‘{\\lu
SIiFMAPHT




4/ CIBLES-MODERATEURS (WP3)
"\ Performances: Brillance intermédiaire entre

ILL et PSI
Peak brightness of different cold sources

1E+13 -
! ——|CONE Cold Source

-=-PS| Cold Source

Radio protection : monolithe + casemate
==HBS - "Config TDR"

Dose : 102 uSv/h - <0,5 uSv/h

am

—=|LL Yellow Book

's/A" [sr]

“

TMR shielding

12

Wavelength [.5«]

proton
beam

Plug
trolley
EEE—
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4/ CIBLE BERYLLIUM

2 X 158hermocouples
"/' .,;’;\

)

protons -

Proto V2 IRAMIS/LLB

Forte production de neutrons

Testée 110 heures sur IPHI _

Faible activation

MAIS
* Grande surface (P, ~ 500 W/cm?)
* Gestion béryllium
* Durée de vie max. inconnue
(on vise 1000 heures min)

Le design de référence pour le moment
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4/ SIMULATION (10 M PARTICLES, HF)
Wi\

TraceWin - CEA/DRF/Irfu/DACM
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@) " <
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&/ SIMULATION, BEAM ON TARGET

X(mm) - X'(mrad) Y(mm) - Y'(mrad)

] 7 [ 1 T ; ; ; [ 1
>0 — ] 20_ ...................... ..................... ................ ..................... I

i - 102 - 107

0 S

| 10

] 10
20 T A

[ | [ ] [ :l [ ] [ ‘ ] ] ‘ ] ] ‘ ] ‘ ] [ ‘ [ ] [ ‘ ] ] [ ‘ ] ] [ ‘

-100 -50 0 50 100 -100 -50 0 50 100
(deg @352.21 MHz) - W(MeV) X(mm) - Y(mm)

— 10°

1074 A 1 3
220 b O 4. 103

| [ [
-400 -200 0 200 400 -100 -50 0 50 100
@®0=-1.887 deg Wo0=25.0868 MeV Xmax=100.000 mm Ymax=25.070 mm
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4/ POWER ON TARGET
"\ Inclinaison de la cible a 10

Power Density at the end of the HEBT-HF line

== Target @10°

Total Beam Power: 80.9 kW

Out of target: 6.5 kKW
Right: 2.1 kW, Left: 1.6 kW, Top: 1.6 kW, Bottom: 1.3 kW

- 0.6

y [em]

- 0.4

X [cm]

6,5 kW sur IRIS < 7 kW
493,6 W/cm2 max

Power Density [kW/cm?]
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q/ DTL & IHDTL error calculations

I ‘\ ~10%sets of error on the optics and diagnostics to estimate the robustness of the design

ICONE DTL ESS Errors ICONE IH-DTL Saraf errors
MEBT Static Dynamic MEBT Static Dynamic
CQuad AG/G 1% +0.2% Quad AGJE 1% +0.2%
Rebuncher MESE n.a. 1% Rebuncher AEJE n.a. 1%
AP (phase) n.a. 1 A® (phase) n.a. t1°
BPM Precision : +/-0.25mm BPM Precision : +/-0.25mm
Ll NAC Static Dynamic MEBT Static Dynamic
Quad dx, ¥y 0.1 mm Quad dx, y *0.22 mm +£0.022 mm
By +1° By +0.16° +0.016°
8, +0.2° 8; +0.08° +0.008°
Cavities gx, vy *0mm Rebuncher &x, vy % 0.62 mm +0.062 mm
B,y 10° By +0.18° +0.018°

Schéma de correction appliqué
10000 linac de 10° particules



CALCUL STATISTIQUE

2e” particles

TraceWin - CEA/DRF/Irfu/DAC

l—l

At alnied nazieiiiion

Position (m)

TraceWin - CEA/DRF/Irfu/DACM
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4/ CALCUL STATISTIQUE, PERTES FAISCEAU

IH-DTL —99.99%

—99.9%

A‘/""—\C_‘;j'\“—\m PSPV ' "\\ —99%

v —90%
1

s
z ] [ 1
()
10 .
@ Less than 1 W/m loss in
% 99,9 % of error cases
2
O
T
3
v 10*
@
B
c
[a]
(@]

10®

10-8 ] ] I I ] I I ] ] I I I ] 1 i i 1 i

0 2 4 6 8 10 12 14 16 18

Position (m)



4/ CALCUL STATISTIQUE, PERTES FAISCEAU
Wi\

TraceWin - CEA/DRF/Irfu/DACM

100% =+ 0.01%

DTL - Avalrez —99.99%
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BEAM DIAGNOSTICS
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Current measurement

REQUIREMENTS FOR BEAM DIAGNOSTICS

Type / Number of beam diagnostics

1 ACCT on the RFQ cone + 1 FC
FC: also to stop the beam

Current measurement

Cut and measurement of halo
Position and phase measurement
Emittance measurement

1 ACCT at the RFQ-MEBT interface flange
+ 1 ACCT at the end of MEBT + 1 FC
(N.B.: FC used also to stop the beam)
3 scrapers
2 BPMs
1 slit + 1 wire scanner

Position and phase measurement
Loss measurement

11 BPMs
6 nBLMs

Current measurement

Position measurement
Transverse profile measurement
Loss measurement

5 ACCTs + 3 FCs
(N.B.: FC used also to stop the beam)
4 BPMs
7 wire scanners
7 nBLMs

Position measurement
1st target Transverse profile measurement
Halo and aperture monitoring

1 BPM
1 SEM-Grids
1 diaphragm

Position measurement
2 target Transverse profile measurement
Halo and aperture monitoring

1 BPM
1 SEM-Grids
1 diaphragm

Avancement ICONE-Beam diagnostics
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4/ RESPONSE TO REQUIREMENTS

Wi

ACCT from Bergoz company (8)

Faraday Cup (5)
—

.

Faraday Cup with
its diaphram, %

¥
.. elec and cup

LEBT: CEA homemade

= |n-air and In-flange type =
= Need customized solution for MEBT = MEBT: NTG company 8 kW
(In-air with customized flange) = HEBT: Need studies (NTG ?)

EMU MEBT: Slit - Wire scanner system (1)

b ' s ll s

= MEBT, IHDTL: FAIR buttons (C. Simon) = Slit: LINAC4 or ESS design (need
= HEBT, A2T: Need specific design more simulations)
(stripline or shoe-box BPMs ?) =  Wire scanner: from Proactive co.

MEBT Scraper from ProActive company (3)
TZM plate

Steel cooled -
body

= From ESS design (very compact)
= 4 jaws (X/Y) + current measurement
= Cut 0.8% of halo (625 W peak / jaw)

nBLM (13)

Moderator * absorbey - Q

=  Fast and Slow nBLMs from DEDIP

= Do not need additional studies
71



4/ RESPONSE TO REQUIREMENTS
Wi

Wire Scanner in the HEBT (7) Halo / Aperture monitoring next to the targets (2)

]
C E.M. Donegani et al.,, “Proton Beam
APTM assemblyfor APerTure Monitor instrument design

the Proton Beam and overview for the Commissioning
and Operation of ESS High Power Beam

Window plug on Target”, JINST 19 PO7009 (2024).
= Could be from ProActive company = Design can be similar to SNS and ESS targets
= Need more studies to define material / @ of wires = Need more design studies (> 4 blades to be used as a virtual BPM)

Profile monitor next to the targets: IPMs (2) and/or SEM-Grids (2)
SEM-Grids

Vertical plane

Vert. Polarized planes

= Could be from ProActive company
= Can work at full beam power (large beam @)
= Need more studies (material / @ of wires) 72
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COMMAND SYSTEM
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4/ EPICS CHOSEN FOR ICONE CONTROL

* Main Control System
* High Level EPICS tools used for
* Archiving and Visualisation
e Alarms
* Logbook

« Several Local Control Systems <

* Injector, RFQ, MEBT, DTL, ... LCS
* Timing System
* Machine Protection System

' ‘\ SAME PRINCIPLES AS SARAF AND TITAN

LCS
4

Equipment .

INJ

A
RFQ

HBT

W.

Wal

W

W

- 30 cabinets - 60 m? -

0
) )
= =5 =
5
o o ]
< o <
I 1l
[y B
=] o
N N

m
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B
(=]
=

30U

20U

10U

o

Vent lallon |

Elecimiech

Terminal |

e wwww

g ®™™mAnas

HARDWARE STANDARDIZED PLATFORM

USED FOR SARAF AND TITAN
© ©\ Lifting rings

MTCA Native R2

® T N

Mobile base
(on) casters/wheels)

Requirements of the
devices

Sampling/monitoring
frequency range

COTS solutions

Fast 5 MS/s up to 250 MS/s | MTCA.4 |0xOS IFC 1410 &

acquisition EE Al T
Semi-fast 50 KS/s up MTCA.4 10x0S IFC 1410 & 10x0S FMC ADC-3117
acquisition to 5 MS/s MTCA.4 Desy 2710 && D-Tacq ELF24
Remote |/Os 100 ms up to 1s Beckhoff modules

control

LAN

Vacuum & 100 ms up to 1s Siemens 1500 PLC & I/0O boards/

Interlock Profinet/Profibus Fieldbuses fj

& remote 1/Os

75




INJ, RFQ, MEBT, IH-DTL LCS ARCHITECTURE

Fast acquisition and slow control requirements were studied for each device
enabling a preliminary architecture to be defined for each section.

'2/

High Level Phoebus IHM Archivage  Phoeb f Phoeb High Level H|gh Level Phoebus IHM An:hiu‘vage Phoebus  Phoebus Phoebus Higl:: I.e.vel R F
— Archive Olog Alarm Saveand  Applications “— eoemssmmmm| Archive Olog Alarm Saveand  Applications
I N J E CTO R E_ Appliance  (logbook) ~ (Alarmes) ~ Restore .- Appliance  (logbook)  (Alarmes) ~ Restore
' PV Access (EPICS V7) PV Access (EPICS V7)
10Cs = Timing system (MRF) 10Cs P e Timing system (MRF)
0 RF Fast
E P I CS ‘D .s X E P I cs ‘ [ | interlock )
m“ | MTCA Profinet m... . MTCA Profinet
) Protection Protection
— :
PICs T HIT e wearock/ | b o PLCs I
g § “i"l”'"c vacuum ' E;g,
Wiy e SR ES — e — &
Lo | 1 PV Access i i PV Access
Slgnat ‘ —-[T‘a“"e'w"/ ol L= -Optical Fiber Signal Ontical Fiber
conditioning ATY E { 250l PS | 2 conditioning P
it ] FUG puller -50kV ; _"”*’"’_9’° ) —— Analogic
e Profinet an — Profinet
Sensors/ I Plasma coils PS | —_— Rromosss Sensors/ Gauge x4 — Profibus
Devices - 2* ACCT Devices | 42 PU, PM, Pue- || LLRF —|
Pumping/TPG | tris motors AT pOsEREG I SKID I Water Pumping x10 | PT100 x32
connector x80

_—
=] Gas Mass Flow

[t ™ T
\_ HVplatform _/ - Serapper

High Level T e s s rhas] Fiaad High Level Phoebus I[HM  Archivage  Phoebus  Phoebus  Phoeb High Level IH_D I L
2 Archive Olog Alarm Saveand  Applications - Archive Olog Alarm Saveand  Applications
._| Appliance  (logbook) ~ (Alarmes)  Restore — Appliance  (logbook) ~ (Alarmes) ~ Restore

PV Access (EPICS V7) PV Access (EPICS V7)
locs - ¥ piical Fiber ‘ Tnee e MSnIs locs  ~ —— - Timingsystem MRF)
=
EPICS a = EPICS ‘ — N o BPMx12 | LRFx12
i 1 MICA Profinet FELEE | MTCA Profinet
) Protection B Protection
PLCs —_ PLCs |
—ES . g — —
: i Cooling Bt ,'l I . — ,"l I
Motor I vaccum ' - Ethernet I ~ Ethernet
PV Access BrcKknors
. i { ! P PV Access
Signal - 2 ———optical Fiber Signal E_l.‘fg s o
conditioning odm | Turbo Pomp x2 ditioni Loy - Optical Fiber
[[1 repeter atim 2 i | caugerz = Analogic conditioning g
lohcainsiteatidl —— Analogic
and x2 e Profinet and
Quadripole x6 — _— Profibus B s Profinet
Sensors/ Alim x6 ? . «1 12 |z | x2 i ACCT x2 Alim DC Profibus
Devices + Alim Steerer x6 ? | I" Sensors/ x12 fomeleds Gaugex12
88 FHV X3 Rebuchera L SRMxe Devices ! 12 channel Fast
2 R — LLRF AES x12 l Flowmeter x12 l l Pumping x12 l PT100 x96 ] Acq (PM)
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4/ TIMING SYSTEM

* MRF COTS based

MTCA EVM 300 used as

* Event Generator, Fanout and Concentratc

MTCA EVR 300U Event Receiver

distributed among MTCA crates

* in the various cabinets
* along the accelerator

responsible for synchronisation triggers

' ‘\ BASED ON SARAF AND TITAN EXPERIENCE

RF Master Frf
Oscillator

|.e:88MHz

. Fanout/ .

concentrator
N

r

\4

A4

Event
receiver

Event
receiver

V

fanout

\ 4

\ 4

Event
receiver

Event
re_zceive_r

!

!

!

!

Event

receiver

Event
receiver

Event
receiver

Event
receiver

uses the bidirectional MRF optical fibre network

g

synchronisation

triggers
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4/ MACHINE PROTECTION SYSTEM (SARAF)

WZ4™\,  BASED ON A SET OF 3 SUB-SYSTEMS L
» Beam Destination Master (BDM) - - ca T e

* checks conditions accordlng to the destination requeste@d \ /.'
* Section Beam Current Transmission (SBCT) \I Magneton "

Sth

* MTCA IOx0S boards, fast protection ':>
* beam status, response time 5 pseconds j,’f,,'f g SBCT
e Timing (TMG) I ﬁ

ACCTs

* messenger for starting or shutting down the beam
* uses upstrem events for fast protection
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= L z valve VP
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VACUUM SYSTEM L

DIDIER CHIRPAZ-CERBAT, IRFU sge ol
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Venting
valve VEA
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4! VACUUM SYSTEM REQUIREMENTS

* Summary of the main requirements for the vacuum system

Sub-system Requirement Notes
LEBT < 5.10° mbar Before RFQ entrance with hydrogen injection 3D-view of a standard turbomolecular
RFQ < 5.108 mbar At 10 hours of pumping, w/o RF pumping group.
MEBT <5.10¢ mbar Within rebunchers, at 10 hours of pumping, w/o RF
IH-DTL cavities | <5.108 mbar Within each cavity, at 10 hours of pumping, w/o RF |
HEBT <2.10°5 mbar Along the beam axis I-= Turbomolecular
pump PTM
< 5.10”° mbar Near to proton targets
* Strategy:
. . HV gate
*  Pre-pumping and nominal pumping using turbomolecular groups alve VS _
* Exception for the IH-DTL cavity: nominal pumping ensured by an ion pump (*a similar proposal is under study for the : by To primary
RFQ) I ffof b 2% valve VP
* Design of the ICONE Vacuum System: Ve
2 enting
Sub-system  Turbomolecular group lon pump valve VEA
LEBT 4 0
RFQ 12* 0* ERgRN
MEBT 2 0
IH-DTL 3 11
HEBT 6 0




4/ |CONE
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COOLING SYSTEM

SABRINE KHLIFI, IRFU
® @

Neutrons for
Materials Sciences -




Potential Cooling Solutions

The cooling system includes three networks: primary,
secondary, and tertiary.
*The primary network uses an open air-cooled tower
(1.2 MW, 364 m¥h) to transfer heat to the secondary
network via three plate heat exchangers.
*The secondary network distributes chilled water
through three loops:
* Loop 1 (RFQ cavity): 121 kW exchanger,
50 m¥h, regulated at 28 + 1°C.
* Loop 2 (Source + LEBT, RF source, IH-DTL
amplifiers): 422.7 kW, 224.1 m¥h, 27 £ 1°C.
*  Loop 3 (MEBT, IH-DTL, HEBT): 252.9 kW,
59.5 m¥h, 27 £ 1°C.
» Physically separated due to potential water
activation from beam interception.
*The Targets network is powered by a standalone
121.5 kW chiller (groupe froid) (16.8 m3h), cooling the
targets at the end of the beamline, with water inlet
regulated at 15°C.
All circuits include a 20% safety margin and use
deionized water via resin-based units to protect
sensitive components.

Débit total de 364,45 m3¥h et une
puissance thermique de 1.2 MW

Secondary network 4 bar <Pressure < 6 bar

|
|

e

.- o
| b
- i Source + LEBT

Primary Network
| l 1
T=25°C
HEX 1
| (121 KW)
Op?n 1=25°
cooling HEX 2
TOWER LY
Y hexs
| (2s2kw) L
: Chiller
Tertiary network — (1215 KW)

Non-activated
circuit

4 Activated

| circuit
i
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PLANNING GENERAL

\ 2026 2027 2028 2029 2030 2031 2032 2033 2034
123456789###123456789###123456789###123456789###123456789###123456789###123456789###123456789###123456789###
Phase!

WP2-INSTRUMENTS PRODUCTION
Instrument HF1 (IMAGING) production
Instrument HF2 (PREMS) production
Instrument HF3 (SAMBA) production
Instrument HR4 (FANTASTIC) production
Instrument HR5 (PRESTO) production
Instrument HR6 (TBL2) production

WP3-TMRs PRODUCTION
Target production
Thermal Moderators (TM) production
Cold Moderators (CM) production
TMR Radioprotection (TMRR) production
Maintenance Room (MR) production
Integration

WP4-LINAC PRODUCTION
Source production
LEBT production
RFQ production
MEBT production
X-DTL production
HEBT production
Control-System production
RF-System production
Cooling System production
Linac Intégration on Site

WP5-INFRASTRUCTURE PRODUCTION

Mission Consultation

Mission AVANT PROJET L GG e Gk b
Mission PRO #|#
Mission DCE #|#
Mission ACT / Phase 1 H#|#|#|#
Mission EXE / Phase 1 H#|#|#|#
Mission DET / Phasel 44 0 )4 o | | | (o | o | | | [ )
Mission DESS / Phasel | |
Mission AOR / Phasel 44 0 | | 0 | | [0 (o | |\ [ | o [ |
Reception / Phasel #
Levée des Reserves / Phase 1 | #|#

=
=
I+

=
H
I
R
+
+
H
+

=
I+
I
R
>

Phasage de l'installation des composants du linac en partie pilotée par un lissage des dépenses du projets
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ICONE : une nouvelle source de diffusion
neutronique francaise

2024 2026 ssesess > 2032 > 2036

Avant-proget  Construction Neutrons Neutrons
Haut-Flux Maute-Resolution
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Instruments (WP2)

ABC%

( Diffraction Large Scale Structures
PRESTO I PRECISm PREMS = LAMBDAm NANOSANSH
(with polarisation) High resolution Reflectometer Nanostructure
M a——
N [
\___bC AR )\ %sk
r Spectroscopy \ r Material and engineering \
FANTASTIC! INEDIT mn PULSE IMAGING = GOLF = LITE HF + HR
Inelastic ToF Spin-echo W Radiography PGAA - Analyse élémentaire il
or back-scattering? Il _ am = w
;__% SO = Sl

wy.i

Iy,

Instr. Phase 1 Il Long pulse (HF x6)

Instr. Phase 2 Il Short pulse (HR x6)

19/09/2025 — Kfe ICONE

?Q'e Soft matter

ﬁ Biology

€ Magnetism A& Material sciences M- Industry

2{ Engineering and geoscience g/ Archeo and culture heritage 4
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4/ ATOUTS D’'ICONE
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" Flux ~ ORPHEE Productivité Réactivité
- Impulsionnel = nativement résolues en temps

- 2cibles : HF (ESS-like) et HR (SNS-like).

- 10 instruments - grande variété d’analyses

- Des points sources libres pour explorer et apprendre
- Des programmes de recherche interne

- Acceptation sociétale bonne

- Pasune INB

- Pas de combustible nucléaire

- Maturité technologique CEA-CNRS
- Cout réduit (versus ESS) ~1/10.

- Phasage possible.

- Possibilité d’'upgrade.

- Possibilité d’exportation.

Synergie/ES Efficacité

- Exp. nécessitant moins de flux

- Accessible (temps, procédure, co(t)
- Priorité différentes

- Préparation pour ESS

- Formation pour ESS/ILL

- Entrainement pour ESS

- A jamais la premiére HiCANS !

- Un institut de recherche dynamique
- Un centre de formation de pointe

- Réactivité = créativité des utilisateurs
- Une attractivité inégalée

- Au centre d’un péle scientifique de pointe Rayonnement Transmission

Notes pour comprendre



