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The ESS Site and
High-Level
Capabillity




2022-10-10

Civil construction is complete and the ESS

organization now manages the full ESS site

ESS7J-PARC COMMISSIONING WORKSHOP COLLABORATION
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The ESS neutron source is designed to deliver a 5 MW @
proton beam to a rotating tungsten target &
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The neutrons are slowed
down, focused and sent
down the beamlines.

High energy neutrons are
released from the target.
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The ESS accelerator will deliver proton beam pulses at @
14 Hz and 2,86 ms to the rotating tungsten target &

= 1352.21 MHz! T = 170442 MHzC—_—

«25m—> €«4b6m> €«40m-> €38Im>» €«5Im> «<—767 m—> <« |789m —

Source Medium B
75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV
( \ [ : |
13 cryomodules: 21 cryomodules:
Full peak current is 62,5 mA, and 2 cavities per 4 cavities per
beam duty factor is 4,0 % cryomodule cryomodule
Target has 36 segments and Sthqkf: 94“3’0,”?0‘3'“'%3
rotates at 23,333 Hz so that each © cavities per
DTL-5 cryomodule

beam pulse strikes a new segment




The ESS Instrument Suite @

15 instruments under construction
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Small Angle Neutron LoKl, SKADI
Moy / Scattering
.| [YVESPA | Reflectometry ESTIA, FREIA
T . Single-Crystal Diffraction MAGIC, NMX
=NSKADL
= Powder Diffraction DREAM, HEIMDAL
il\\ir{: Imaging & Engineering ODIN, BEER
Direct-Geometry Spectroscopy | CSPEC, T-REX
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Status of the
Construction
Project




ESS high-level schedule as of August 2022 -

Beam on First Start of user End of Proiect
Accel Target Science program ot Frojec
cooldown
2022 2023 2024 2025 2026 2027 2028
. a Wy wmewmmpesn o
RF
source Target system
tests o
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Bunker closed 9]
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“Early" Beamline installation and cold commissioning complete by BOT _ 8—
Instruments

Instruments Beamline installation and cold commissioning

i Beamline installation and cold commissioning NOT complete by BOT _ —

Indicative only
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The project is addressing a number of critical path challenges ~—

="~

IR, TAR - Helium cooling Circulator
) TAR- Installation of Helium Circulator
@ TAR- System 1010 Functional Test
ICS - Helium Cooling Control system -

N TAR-System & Group Tests

. ICS - Helium Cooling Control system

Helium Circulator

[l 1Cs - Helium Cooling Control system

No. 1-Critical (N TAR- Neutron Factory Test

Path ) TAR-TSSSIT3 & SAR
{7 SRR5 Review
. Commissioning after reachingRBOT

ACCRBOT
64 Days D @ 1780r
25
First Beam on Target BOT
13 May '25
(e AR - Power Distribution Electrical Design . .
) TAR- Power Cable Material Purchase Ta rget EIeCtrlca I DESlgn
N?'_ 2-Sub (0 TAR- Power Cable Pulling
°;;“' i P TAR - System Tests
[T I TAR - Moderator Group System Tests
Back into critical path ‘
TARRBOT
89 Days WD @ 14 Mar '25
64 Days ) :CC;B 21
Key pr
Milestones NSSRBOT First Beam on Target BOT
3Days D @ 18Jul 24 64 days WD 4 13 May '25
~ 165Days BOT P80 -154 Days
PoBOT 4 45ep'24 Pg0BOT 4 30Jan '26
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The project is addressing a number of critical path challenges ~—

="~

) TAR- Helium Cooling Electrical Design
) TAR- Cable Routing Package 2
0 TAR- Cable Material Purchase

(0 TAR- Cable Installation

Back into path No. 2 ’

Target Electrical Design

(e Acc- cpsinstallation - . Acc CDS / Cryomodule
— ACC- Superconducting Linac -Spoke Section
_ ACC-Superconducting Linac -Medium Beta Section
(0 Acc- superconducting Linac -High Beta Section
0 Acc- Final Integration Test (FIT) Validation

(W Acc- Warm & Cold RF Conditioning

- ACC - Beam Commissioning with Beam on Dump
Back into path critical path ’

— TAR - Radiation Safety Work & Licensing Support Safety Ca se / Licensi ng
B&F - All Final Reference Docs Received ‘
D =D ) B&F- PSAR Integration
Critical Path SR ©<:F - SC. & INP 2 Stage Safety Review
= 1
(79 days TF) ististintil
C B&F - SSM Review (9 Months)
Back into critical path ‘
TARRBOT
89Days WD @ 14 Mar '25
64 Days ) :CC]I;B e
Key Pr
Milestones NSS RBOT First Beam on Target BOT
30ays ID Q@ 151004 64days IR @ . May '25
~ 165Days BOT P80 - 154 Days
PoBOT 4 45Sep'24 Pg0BOT 4P 30Jan 26
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DTL-1 commissioning is complete o

Beam through DTL-1 at design peak current .
First RF pulse to DTL1 First beam through DTL1

Re-establish beam to the LEBT 02 March 2022 01 June 2022

10 November 2021 . .
First nominal current First nominal current

First RF pulse to the RFQ First beam through the RFQ beam through the RFQ beam through DTL1
09 June 2021 26 November 2021 12 March 2022 01 July 2022

2021
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DTL4:

DTL-4 has been placed in the tunnel

Transported to tunnel via HEBT loading bay
Water circuit leak checked and final connections being made
Bl and ICS interface checks to follow

(ess
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Beam characterization capability is developing

Measurements by Beam Instrumentation during commissioning of DTL-1
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Target systems are being assembled on site @

= Target Monitoring System ready for testing in the Mock Up Test Stand
(MUTS) and will be installed after the assembly and integration of the
Target Wheel and Shaft

= Target Shaft repaired and assembled to the Target Wheel

= |nner Shielding pipe material 321 on a number of inner shielding block
cooling connections verified and approved in an NCR (EAM 10254)

= |nner Shielding package #2 is ready for installation

= |nstallation contract ready to be signed for the piping inside the monolith
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Installation of inner shielding, NBPI and light
shutter components is ongoing
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Neutron Beam Port Inserts

= Test Beam Line, LOKI and ODIN are delivered

= Optics are integrated, sealed, ready for installation
= Batch 2 (5 units) was delivered in week 36
= All Critical Design Reviews (CDR) done

= |nstallation test successfully done — note that sequencing is critical to
integrated assembly of inner vessel components

= FREIA, DREAM, ESTIA, SKADI and VESPA are delivered and inspected
= NBPI prototype is displayed in the foyer
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Highlights and Achievements @

CMS, HTL, CTL, Valve Box

= Final installation on-going
= First commissioning step 2 (JSB) is started

= 17 K was reached
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The first moderator reflector plug is at ESS

= MRP finalized in Jilich
= Delivered to ESS 2022-08-08
= Awaiting integration into MUTS
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Instrument Optics

Installation is progressing well

Bunker Installations
- Five (LOKI, BIFROST, ODIN, CSPEC & NMX) BWIs

installed
- In-bunker optics installed for ODIN and BIFROST
Planned for Sep-Nov 2022:
- Out of bunker optics for BEER (to restart) & BIFROST
- NMX and LOKI in-bunker optics
- ESTIA in-bunker feeder & guide assembly
- DREAM BWI

bi i




Instrument Optics @

NBOA-NBPI integration is performed on-site in EO1 temporary tent

Q2 2022: LOKI, ODIN DONE
Q3 2022: FREIA, DREAM, ESTIA DONE
SKADI & VESPA started

These 7 + TBL (which has no optics) completes 3 bunker sectors:

(North, South, East).
Installation (by Target) planned for Nov 2022 - Jan 2023

ODIN NBOA-NBPI 25




Moving Toward
Integrated
Commissioning
and Operation




ESS has already undertaken a number of early @S)
commissioning activities &

The Accelerator Cryoplant is fully commissioned and ready to support
commissioning of the cryogenic distribution system

The lon Source and LEBT are fully commissioned

The RFQ is fully commissioned (RF) and has been commissioned with beam
to full peak current with short beam pulses

The DTL-1 tank is fully commissioned (RF) and has been commissioned with
beam to full peak current with short beam pulses

Initial commissioning of beam diagnostic and beam loss systems is complete
within the constraints mandated by limited beam operation through DTL-1

The active cell bay doors have been fully commissioned

RF systems and modulators are being installed and tested
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ESS is beginning the transition from a purely @)
construction project to a hybrid organization &

= We are actively recruiting the talents and skills needed to maintain and
operate both the civil infrastructure and the technical equipment needed for
reliable and efficient neutron source operation

=  We are beginning the transformation of the organization to position it for
steady state operation while maintaining the capability to support ongoing
construction and improvement projects — examples include building out to 5
MW, a SRF maintenance facility, and instruments 16-22

=  We are establishing the tools, procedures and protocols needed to sustain
reliable and efficient neutron source operation
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ESS recognizes that the interleaved commissioning o@
all major system will be complex &

= We can commission the accelerator at low power / low duty factor to the
installed beam dump

» The imperative for the instruments is full duty factor (14 Hz, 2,86 ms)

= We need to develop a good strategy for commissioning beam to target to
understand:

— Beam rastering, beam synchronization with target rotation, proton beam window
performance, target thermal performance, moderator performance and
characterization, hydrogen ortho/para conversion and so on

— Beam loss management as the beam power is raised

= We need to assess performance and reliability challenges as operations
moves to a 24/7 mode, and respond accordingly
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ESS recognizes that there will be challenges we will @)
fail to anticipate =

= The long instruments and long-pulse nature of the source presents new
opportunities for commissioning of instruments

= Your experience in commissioning the J-PARC and MLF facilities and the

lessons you share with us during this workshop will help us to limit the
surprises we may see!
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This workshop will be important in helping ESS plan @S)
for integrated commissioning &

The ESS has taken the first small steps toward global facility commissioning
Much remains to be done!

We will continue to learn how to balance commissioning activities with ongoing
operations as we install the cryomodules while commissioning DTL 2-4 with beam

We will fully integrate all critical target components in the mock-up test stand
(MUTS) before final installation and commissioning in the target monolith

A fully functional integrated control system and appropriate control room operator
tools are essential to this success

Sequencing and integrating instrument hot commissioning with accelerator and
target system commissioning will be challenging

We appreciate your participation and support in assisting us to develop sound plans
for the full commissioning of ESS
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Thank you for your attention!



