


ECN3

An introduction to the HI-ECN3 project

BDFE Target Advisory Committee #1
M. Fraser (SY-ABT-BTP) and C. Ahdida (HSE-RP-AS) on behalf of the HI-ECN3 project team

CERN, Geneva, Switzerland, 4 - 6" March 2025

@ HI{ ECN3 https://hiecn3.web.cern.ch




A brief history of BDF/SHIP...
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2013: EOI with SHIP @ SPS North Area in a new underground area (ECN4)

2015: Technical Proposal with ~700 pages by SHIP theorists, experimentalists, and CERN
accelerator, engineering, and safety departments

2016: Recommendation by SPSC to proceed to Comprehensive Design Study and CERN
management launch of Beyond Collider Physics study group

2018: European Particle Physics Strategy Update contribution submitted by SHiP and BDF
2019: CDS reports on BDF and SHiP at ECN4 submitted to SPSC

2020: CERN launches continued BDF R&D with SHiP MoU

2021: BDF/SHiP WG identified ECN3 as post-LS3 option: motivated PBC ECN3 Task Force
2023: HI-ECN3 Study Project established

2024: CERN Directorate select SHiP in March 2024 with approval of HI-ECN3 Project

CERN Yellow Reports: comxsoum
Morograghs.

SHiP Experiment

COMPREHENSIVE DESIGN STUDY REPORT

SHiP Collaboration

SPS Beam Dump Facility

Comprenensive Design Study
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Findings of the Physics Beyond Colliders
Delivery Tusk Force

ECN3 Boam Post-LS3 Experimental Options in ECN3

BDF/SHiP in ECN3
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BDF Design Parameters

W target ~ 1500 — 2000 mm
Diameter ~ 250 mm
H,O or He-cooled

1
1
1
Beam size = 8 mm (o) \ ;
Dilution freq. = 4 Hz \
Sweep rad. = 50 mm "‘
1

Imains [kA]

Nominal Design Parameter Value
Beam type proton
Beam momentum [GeV/c] 400
Beam pulse intensity [x10'3 p] 4.0
Spill length [s] 1
Beam pulse power [kW] 2560
Average beam power [kW] (7.2 s) 356
POT [x10%°p over 15 years] 6.0
SFTPRO SFTSHIP
To TCC2 (EHN1 / EHN2) To ECN3

e

N

o

15.6 s 7.2s

10 20 30 40 50 60
Time [s]
356 kW Beam power
232 kW on BDF target
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Study Project — Approved Project

Upgrade of beam intensity at North Area and SHiP beam-dump (BDF/SHiIP) experiment
approved recently...

... with ~ 62 MCHF (over 7 years) reserved for the High Intensity upgrade of ECN3 (HI-ECN23)
project in CERN’s Medium-Term Plan ratified by CERN Council in June 2024.

Approved together with ~ 170 MCHF for consolidation of the North Area (NA-CONS project)

The HI-ECN3 project is a part of CERN’s...

“...broad diverse scientific programme, complementary to the collider and carried out mainly at the
Injectors: continuously upgraded and expanded (e.g. recently the ECN3 beam intensity upgrade at

the North Area).”
Fabiola Gianotti
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HI-ECN3 Project Structure

WP2

Beam Extraction,
Transfer & Delivery

Francesco VELOTTI & Laurie NEVAY )

WP3

Target & Beam
Intercepting Devices

Rui FRANQUEIRA XIMENES

Target Complex
Jean-Louis GRENARD

Experimental Area, Interface & Integration

PL: Matthew FRASER
DPL: Claudia AHDIDA

WP1

Project Management

HICECN3

-

WP5

Francois BUTIN

Experiment Project Leader: Richard JACOBSSON “
SHiP Experiment Safety Correspondent: Letizia DI GIULIO eov

SHiP

Search for Hidden Particles

WP8

Radiation Field
& R2E/R2M Effects

Luigi ESPOSITO

WP7

Infrastructure, Services
& Civil Engineering

Fernando PEDROSA

WP6

Radiation Protection & Safety

Claudia AHIDIDA

Project Safety Officer (PSO): Melania AVERNA

Project & Experiment Safety Support (PESS) Correspondent: Jamie CURRIE
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HI-ECN3 Work Breakdown Structure

WP8 — Radiation field and
R2E & R2M effects
Luigi ESPOSITO

WP1 — Project
Management

WP2 — Beam Extraction,
Transfer and Delivery

WP3 — Target & Beam
Intercepting Devices

WP5 — Exp. Area,
Interface & Integration

WP6 — Radiation
Protection & Safety

WP7 — Infrastructure,

WP4 — Target Complex Services & Civil Eng.

Jean-Louis GRENARD

Matthew FRASER Francesco VELOTTI Rui XIMENES Francois BUTIN ) Claudia AHDIDA Fernando PEDROSA
Deputy: Claudia AHDIDA Deputy: Laurie NEVAY |
- r .
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r ( g Radioactive Waste
P . '
Magnets r XTAX Upgrade Containment Systems TC;?EIECN.’:‘UI?:mSPSlITg Management & Transport Gas Distribution
L Procurement Philip SCHWARTZ ! Miguel SANTOS Jean-Louis GRENARD colas QUINQ Philippe BERTREIX Davide JAILLET
L k . Francols BUTIN Renaud CHAROUSSET
s ( e
( ) ) Power Converters Experiment Service Cell Systems il lo!ding Proggi§eiant Fire Safety Cooling & Ventilation
| Project Office Ivan JOSIFOVIC t Requirements Jean-Louis GRENARD I ElRecoueny Oriol RIOS Roberto BOZZI
Matthew FRASER Richard JACOBSSON Michael LAZZARONI

Technical Coordination
Matthew FRASER

Configuration & Quality

Vacuum Upgrade
Miguel SANTOS

Energy Deposition &
Radiation Effects
Luigi ESPOSITO

Detailled Design &

Robotic Systems
Luca BUONOCORE

Remote Handling
Systems

Experiment Interfaces
Richard JACOBSSON

Access & Safety Systems
Tomasz LADZINSKI /
Anna SUWALSKA

Accelerator Interfaces

Occupational Safety

Electrical & Fiber
Infrastucture
Eva CANO GONZALEZ

| Managament Instrumentation + Production el e —_ Francols BUTIN James CURRIE Cryogenics
Luca GENTINI - \
Giulia ROMAGNOLI ,
N ' : "
Radioactive Components n N i
( Machine Protection | Target Instrumentation Storage & Disposal _( EXE::?;T; I;f}:'::t}on Survey & Alignment
| et il Antoine COLINET Jerome LENDARO en e AT | Richard JACOBSSON Camille VENDEUVRE
r
\. 4 N
Operational Controls & iati i " Handling Systems &
Tools Material R&D Radiaton lo Elecironics _( Rl Operational Support
N Stefano SGOBBA gauilements
- Commissioning Kevin LI l Richard JACOBSSON Roberto RINALDESI
e
Beamline Shielding Prototype Target Beam Accelerator Interfaces
Improvements L Test Jean-Louis GRENARD Telecom & Network
Laurie NEVAY Rui XIMENES
Experiment r Magnetised Hadron
Requirements = Stopper
| Richard JACOBSSON | Pnilip SCHWARTZ
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HI-ECN3 TDR GRAD Team

Person Role Group Supervisor Programme BC Description PRQ Start Date
Ixone VAQUERO Planning & Coordination| EN-ACE Fernando PEDROSA ORIGIN HI-ECN3 / NA-CONS Completed| 1/10/2023
Xavier PALLE Planning & Coordination| EN-ACE Fernando PEDROSA ORIGIN HI-ECN3 / NA-CONS Completed| 1/3/2024
James CURRIE TDR HSE-OHS Simon MARSH ORIGIN HI-ECN3 Completed| 1/2/2024
Rahul JANARDHAN FIRIA HSE-OHS Oriol RIOS QUEST HI-ECN3 / HSE Completed| 1/9/2024
Guillaume CNUDDE TDR (& implementation)|SCE-PPM David GOMEZ QUEST HI-ECN3 Completed| 1/10/2024
Nikola ZARIC TDR EN-CV Roberto BOZZ| QUEST HI-ECN3 Completed| 1/2/2024
Angelo PETRELLESE Secondary Vacuum BE-EA Miguel SANTOS ORIGIN |HI-ECN3/NA-CONS /PBC|Completed| 1/4/2024
Fabian METZGER TDR BE-EA Laurence NEVAY GRAF HI-ECN3 Completed| 1/4/2024
TBC TDR / LS3 prep BE-EA Francois BUTIN ORIGIN HI-ECN3 Pre-LS3 | Q32026
Beatriz MARTINEZ SUTIL TDR BE-EA Michael LAZZARONI ORIGIN HI-ECN3 Completed| 2/5/2024
Ming LIU TDR EN-EL Eva CANO GONZALEZ QUEST HI-ECN3 / NA-CONS Completed| 2/5/2024
Cristina DURAN GUTIERREZ TDR EN-HE Roberto RINALDESI ORIGIN HI-ECN3 Completed| 1/6/2024
Olin PINTO TDR HSE-RP Claudia AHDIDA QUEST HI-ECN3 Completed| 1/2/2024
Mike PARKIN TDR SY-STI Rui FRANQUEIRA QUEST HI-ECNS3 Completed| 1/4/2024
XIMENES
Patrick CURRAN TDR EN-MME Stefano SGOBBA QUEST HI-ECN3 Completed| 1/2/2025
Gemma HUMPHREYS TDR SY-STI Jean Louis GRENARD QUEST HI-ECN3 Completed| 1/12/2024
Giuseppe MAZZOLA R2E / FLUKA SY-STI Luigi ESPOSITO QUEST HI-ECN3 Completed| 1/2/2022
Anna HUNCIKOVA TDR BE-GM Camille VENDEUVRE QUEST HI-ECN3 / NA-CONS Completed| 1/12/2024
TBC BLM SY-BI Christos ZAMANTZAS ORIGIN HI-ECN3 TBC Q32026
TBC BLM SY-BI Christos ZAMANTZAS TECH HI-ECN3 TBC Q32026
Panagiotis MENACHILIS TCSC CONS SY-STI Nicolas SOLIERI QUEST NA-CONS Completed| 1/10/2024
lasonas CHATZIGEORGIOU XTAX CONS BE-EA Miguel SANTOS QUEST NA-CONS Completed| 1/2/2023
Giorgio GARLASCHELL TDC2/TCC2 HSE-RP Helmut VINCKE QUEST NA-CONS Completed| 1/9/2024
Alexander GORN TDR SY-ABT Matthew FRASER GRAF PBC/SY /HI-ECN3 Completed| 1/10/2023
Tamara BUD ECN3 tasks on request SCE John OSBORNE QUEST PBC Completed| 1/1/2024
Francesca LUONI ECN3 tasks on request | HSE-RP Claudia AHDIDA FELL PBC Completed| 1/9/2023
Tirsi PREBIBAJ ECN3 tasks on request | BE-ABP Hannes BARTOSIK GRAF PBC Completed| 1/3/2023
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Project Master Schedule

Beam on
BDF Target
2023 ' 2024 [ 2025 2026 2027 2028 2029 | 2030 [ 2031 2032 [ 2033 2034
H1 H2 H1 H2 | H1 H2 H1 | H2 H1 H2 H1 H2 H1 H2 H1 | H2 H1 | H2 | H1 | H2 | H1 | H2 H1 H2
ZIE EZFFT, FIFTTTTTTS FZF: EZT3 2 r ZZTZTZF TS . ZZ . 7T I T I T T T T I T I T I T T T I T I T T T I T I T T T T T I FTTFTT. FEF I T T T I T T T T FFFFFTFFT T T T T2 T ZE T FEZ FE T o 2 . v Z . 7z FEEIO
Experiment decision ¢ 15Mar
Physics ¢ 24 May 08:00
P L O n g S h u td OW n 3 (S PS) _ Beam commissioning (full facility ifcludeing experiment) wrrrrrrrzrrrro
TDR Phase Upgrades with NA-CONS Belors the YEFS
Lo TDR Part of the YETS restart sequence
(FaC| | |ty) extension? v North Area YETS2031_2032
P o ___ | _’ Target commissioning
h " Experiment installation
Cr | t | C al p at h North Area YETS2030_2031 (exact dates not defined)
North Area YETS2029_2030 (exact dates not defined)
Frozen design for SCE ¢ 28Jul 08:00 CE p I’O C u rem ent &. WO rkS

X LS4

3 SCE detailed design and procurement (B911 extension, new shaft, ...)

A

Civil Engineering Constructions

S AT T AT T T AT T TG T AT T TG T T T TG TG T T T TG T T TG T T T TS

Below freezing design for SCE! & July 2026

Shaft Construction (underground works)
(Detailed design for consultant before :

Shaft building
contractor Invitation to Tender) i i 8938 consoliclerion
7 B911 extension
Services installation (ECN3 underground)
Services installation with connection to B918 or inside B918
Target and target station installation in TCC8
NA62 dismantling

Dismantling

TCCS8 services installation (excluding new overhead crane)
Civil engineering modifications in TCC8
 TCC8 overhead crane dismantling and new overhead crane installation

. TCC8 hot part dismantling

BA82 preparation for HI-ECN3

. K12 services removal and preparation for HI-ECN3 (prior to the re-start of NA)

Installation of new power converters and new equipment

C\E/RI—\W H |< EC N 3 . Matthew FRASER | HI-ECN3 Project
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HI-ECN3 TDR

Aiming for TDR publication mid-2026: with updated cost & resource estimates of project baseline

* Timeline;

« September 2025 (Q3 2025): Frozen design* as part of
completion of IRP Design Study needed for consultant =

Invitation to Tender (IT) T
- Scope, with loads & volumes needed in 2025 Trocnan
 Choice of target technology (H20 vs. He) must not reres s
iImpact envelopes for civil engineering: o
- Final validation of He-cooled design will not be available i
until after the beam tests in 2025 and 2026 St __ 5o

 The Service Cell must not impact civil engineering e

External contributions (IPT, HSE , spec committee)
Dispatch and assessment 6 wks

 December 2025: Preliminary design for consultant T

External contributions (IPT, HSE , spec committee] 6 wks
Dispatch and assessment 11 wks

« July 2026: Detailed design for consultant

Start

Jan1'24
lan1'24
Jan1'24
Jul 8'24
Jul8'24
Jul 4'25
Jul 7'25
Aug25'25
Oct 14 24
Oct 21'24
Aug 2525
Dec 2225
Jan5'26
Apr6 26
Jul6'26
Jule'26
Apr 626
Apr20'26
Apr20°26
Jun 1'26
Jule'26
Oct5°26
Oct5'26
Dec7 26
Jan 18'27
Apr5°27
Jun 14°27
Apr5'27

Finish

Oct26'29  f
wis2a |

Jul5°24
Jun 28°27
Jula'2s
Jul4'25
AUg22'25
Oct 1725
Oct 1824
Feb 21'25
Dec 1925
Jan2'26
Apr3'26
Jul326
Oct 226
Now 20 '26
Apr17°26
Aug 14 '26
May 29 '26
Jul3'26
Aug 14'26
Jun11°27
Decd '26
Jan 1527
Apr2'27
Jun 11'27
Jun 25'27
Jun 28 27

) 715
75

AEMENT] » 6/28

714
7/4 4 Fozen CE design
T 8i22
T 10017
10/18
Contractor MS 4 » 2121
Consultant IT 4 »12/19
1/2
& 4/3
T TE
i 10/2
11720
Tan7
Contractar MS 4 » B/14
T 529
o
T B4
Contractor IT 4 I » 6/11
T 12/4
T 115
" 42
T 611
TE/25
u 6/28

Order (DAI) / contract signed / OSVC for contractor 2 wks
« October 2026: Launch contractor IT: significant cost Tem——
impact and delay with any further changes

*Frozen design = volumes, loads & structural definition (small openings and internal integration have some flexibility)

(C\E/RWE H |< ECN3 Matthew FRASER | HI-ECN3 Project BDF TSAC #1
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M. Lamont, Updated schedule for CERN’s accelerators, CERN Bulletin, 4 October 2024

CERN Accelerator Schedule

Today
| NA available exclusively for
2024 2025 2026 2027 \ 2028 2029 EHN1/2 from mid-2029:
a1 a2 ia3iad|ailiaziaziae|[aiiQziQ3{i|Q1 Q2 Q3| |Q1 Q2{Q3 a4 |Qiia2a3;a4| Testbeam users & other POT
LHC demanding experiments
SPS (e.g. AMBER, MuonE)
PS
E:'B ECN3 beam to dump in P42
for commissioning of TCC2
2030 2031 2032 J[ 2033 ‘ 2034 2035 whilst construction ongoing
laiiazia3iod|a1iQ2iQ3iQ4|/Q1:iQ2iQ3:Q4i|Q1:Q2:Q3:Q4|Q1 Q2:Q3 Q4 |Q1iQ2 {Q3:Qd
LHC
SPS
PS
PSB
L4
2036 2037 2038 2039 ‘ 2040 2041 Operation out to late 2040s:
lai a2 iasfas|aitazlaziad |aiiaziaziad|aiiaeiaslad[ailaziaslad [aifaz{aztas beyond HL-LHC

(frequency & length of LS’s TBC)

LHC
Injectors >

B Long shut-down (Re)Commissioning B operation B rechnical stops I Na-cons Bl +-Ecns operation
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https://home.cern/news/opinion/accelerators/updated-schedule-cerns-accelerators

Commissioning High Intensity for ECN3

The commissioning of HI-ECN3 can be grouped into two phases:

Commissioning TCC2 (2029 — 30, ~ 2 yr) with NA-CONS: inc. SPS, slow extraction

Commissioning of ECN3 (2031 — 32, ~ 1.5 yr): inc. BDF in TCC8, beam transfer from
TCC2 to TCCS8, before ramping up to nominal operation together with SHiP before end 2032

1

Q3 2031:

| YETS30/31:

| Remove P42 beam Beam on BDF LR A Operation of
; | dump & reconfigure | Target T BDF/SHiP
~al | beam line -—Jj./“ @ 4x10%° POT
\ j [ : )
2029 2030 \2031 2032 2033 2034 2035

Ql Q2 Q3 | o

Q1

Qv | Q3 ! Q4

Q1 :Q Q34

QlQ it

LHC

Q1 1 Q2:iQ3 04

Ql Qi Q3 i

LS4 -
SPS NA-CONS Phase 1 NA-CONS Phase 2
PS
PSB
L4

Ral——

BDF commissioning Commissioning of SHiP:
(flexible with SHIP ~ ramping intensity

| |
Upgrades of TCC2 for HI-ECN3 Commissioning of SPS and

installation)
Matthew FRASER | HI-ECN3 Project

NA (TCC2) for HI-ECN3
(@) HICECN3
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CERN Operation

Operation:

30 to 35 weeks (~200 days per year) of protons on target
(depending on ion run) per year

Yearly Year End Technical Stops of about ~ 3 - 4 months
1 or 2 Injector Technical Stops during the year for a few days

Wednesday Machine Development < 10 per year (10h each):
some MDs will need to use the BDF target and send beam to
ECN3

BDF POT @ 4x10%°/ year:

POT will be competitive and scarce in the future
POT computed assuming a machine availability of 80%

Operation for SHiP will not be stopped outside of planned
access/maintenance periods, unless unforeseen
maintenance is absolutely needed

Injector Accelerator Schedule 2024

Wersion 1.0 was approved by the Research Board of & Decemnber 2023

elel=|=|F|17 B2

Ell P Bl Bl 3 ol

ER P El El E E o

(@) HIKECN3
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Let’s have a productive few days...!

Any questions...?

CERN .
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