Cryogenics at the European
Spallation Source

On the way to steady state operations

PRESENTED BY PHILIPP ARNOLD
2025-11-03



Neutron Science for
Society

A Neutrons let scientists see where
atoms are and how they behave &
revealing information on the atomic
level.

A Enables development of better
batteries, greener plastics, gquantum
materials and stronger engineering
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A Helps life scientists develop new
vaccines and more effective
medicines/treatments.
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15 instruments
under construction

Each instrument designed to be
world-leading at 2MW

Life sciences

Soft condensed matter
Chemistry of materials

Energy research

Magnetism &
superconductivity

Engineering &
Geo-sciences

Archeology & Heritage
conservation

Fundamental & particle
physics
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A 3 Billion 0GOgpuwroj ect ,

13 European with an estimated annual
Countries joining operations and development
forces and sharing &
common ambition

cost of close to 200 mi |l | i

Host States:

Sweden Denmark

Member States:

Czech Republic, Denmark,
Estonia, France, Germany,
Hungary, Italy, Norway, Poland,
Spain, Sweden, Switzerland,

United Kingdom




Cryogenics for neutron science

Neutrons and Cryo go well together

Muting the dominant particle
vibrations

Tickle out the quantum behaviour
Creation of high magnetic fields

Creation of even lower
temperatures

Liquid helium from TICP one of
the main utilities for Physics and
Materials Support Team in charge
of sample environments




The smallest cryoplant at ESS

Test and Instruments Cryoplant (TICP) supplying TS2 and NSS
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Liquefaction ~140 I/h w/
LN2, based on Helial ML

Refrigeration 4.1 g/s
oconst I
and ~400W @ 40K
thermal shield

Recovery system with
100 m3 gasbag, 2x

60m3/h HP compressors,

ext. purifier ~3.1 g/s

LHe vessel 5500 |
Dual semi/auto filling
station

Boil-off station for 20
mobile dewars
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Cryomodules and Distribution System

Cryogenics for the Super Conducting Linac in a nutshell

Normal Conducting Linac Super Conducting Linac

870 MeV 1.28 GeV 2.0 GeV
2 MW 3 MW 5 MW

ISrc  LEBT RFQ MEBT DTL(5) Spoke (13) MBL (9) l HBL (11/21) l HEBT
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Valve boxes mmm)

The Henryk Niewodniczariski
Institute of Nuclear Physics
’ Polish Academy of Sciences A C C P

Accelerator
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BC: Backup Compressor
T: Turbine

CC: Cold Compressor
HX: Heat Exchanger

[
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Plant design for

3kW @2K,
9g/s liguefaction
11.4 kW @40K TS
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~9kW @4.5K_eq

/\ccz HX5
/\ ccl 6

HX6

Currently optimised for

1.8kW iso and 0.88kW
non-iso @ 2K

6.8 g/s ligufaction
8.5 kW @35K TS

1l

HX7

4 VLPReturn 1 4.5 K supply



Long road towards ESS SCL cooldown

Focus on CDS

Few leaks (~5% of valves
CDS-el valve mis-alignment
Endbox liquid carry-over
Report @ CryoOps Grenoble

TAO on CDS-el CV04
TAO on endbox 4K SV
valve leak{g, ice

Ma ny

Report

ECD 2023 in GSI

-

Substantial work
not mentioned in
detail here

- CM testing

- CM installation
- Cryo controls

- Infrastructure
- etc.
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https://indico.gsi.de/event/15856/
https://indico.gsi.de/event/15856/

Temperatures Decrease Trends Over Time
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Pressure seen In the CMs 2K circuit @

can be used as indicator for stableryo operation

Longer and shorter interruptions.

-L Longer: plannedorun-pl anneaofia

L—'J Shorter: equipment or utility fault or a

o recurring issue with impurity intake on the
sub-atmospheric line (CC inlet filter

L ‘ clogging)
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Pressure seen in the CMs 2K circult

can be used as indicator for stableryo operation
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Long summer shutdown

To install six more HB CMs and fix things

Work on filter clogging
AExtensive leak search to identify air takén locations )
ARectify leaks in CM and VBX SVs
AEffective helium guard for Endbox SV92
APermanent helium guards on CV04 and CV06 in SPK CI

Almprove pump & purge procedure to properly clean tiesin =L :
to SV relief line o £

ARemove CQnlet filter

A 3.00 x10"? mbar.lfs

Work on backup compressor

Work on COId com preSSOfS ARectify helium guard leak at inlet
APreventive maintenance motor exchange AAdd tubing for better conditioning to run in different modes
Alnstall SPM (shock pulse monitoring) for CCs ATest and qualify operation as LP and as SP compressor
AUpgrade controls in preparation of AMB revamp APrepare controls for seemless switctover of HP and BCP

s
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But what about the neutrons? @

Another casefor cryogenics

TARGET

MONOLITH i
N _<
TONNES
6,000 - P
TONNES — TARGET WHEEL
‘ " " |8m 2.5m

0 §

BEAM K

NEUTRON

BEAMS
CRYO High energy neutrons are : The neutrons are slowed CRYO
released from the target. n o down, focused and sent .
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Particles are They are accelerated ; rr [ '
produced in to 96% of the speed it : ' ‘

the ion source. of light in the 600 m
long accelerator...

LABORATORIES

q

EXPEHII;IIEI\ITAL : : H
AL EXPERIMENTAL SCIEI\iTIFIC When the nEUtrOnS arrlve at the CRYO
HALL 3 i
STRUMENT instruments, the researchers can

use them to explore materials . fe

down to an atomic level.
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Billlard and Boltzmann @

HOW we make the neutrons useful (1) Maxwell-Boltzmann distribution

For one-atomicideal gas

. ‘: _ 2kT
2 :T; = m

Most probable
L
» . Peak speed, U,

Probability Density Function

Reduce neutron energy v

pL Vp VUpH Thermal speed of molecules
of MeV (relativistic speed) to meV _ _
moderator, water From thermal to cold neutrons

The colder the moderator the slower (=colder) the
neutrons

Liquid hydrogen at 1718KA equivalent neutron
otemperatureo ~50K
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Cryo for high brightness

How we make the neutrons useful (2)

Electron
Proon 0" | Q" ) (O | © )
Ortho hydrogen Para hydrogen

( Parallel spin) ( Opposite spin)

Additionally to different
Isotopes (Deuterium,
Tritium) hydrogen has
different spinisomeres
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equilibrium fraction and
different energy levels,
catalyst required
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Eisenhut, S. et al EPJ Web of Conferences.

Vol. 231. EDP Sciences, 2020.

Scattering cross section, T =20 K
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ortho-H2

para-H2 - = = 96% para-H2

Para-H2 with very low scattering
cross section for cold neutrons

A on flat moderators neutrons
can penetrate deep and still come
out again
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Realisation at ESS o umers i -

connection cel |l t o

Manycontributors cold flat moderators

17 kW H2
heater

TMCP design for CMS design for
30kW @15-20 K, ~1000 g/s H2 circulation
H2 distr Vbx
£ OPMS,
¥ saphire
=4 window,
Raman
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