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Overview on ESS:
Accelerator, cryomodules, installation progress
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ESS: European Spallation Source, Lund , Sweden
World’s most powerful neutron source
Enabling materials research: to advance energy, health and environment technologies
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Target

Instruments

Accelerator
Offices

Proton Accelerator
• 2.86ms pulse length
• 14Hz repetition rate
• 62.5mA current

Target Station
• 2.5m Tungsten wheel 

(36 radial segments)
• Cooled by helium
• Neutron moderator 

cooled by hydrogen

Scientific Instruments
• 5; 15; 22 scientific 

experiments
• Diffractometers; 

Spectrometers, 
Reflectometers; etc..

100m



The linear accelerator @ 5 MW
Overview
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Parameter Value
Ave power (design) [MW] 5
Max energy (design) [GeV] 2
Peak current [mA] 62.5
Pulse length [ms] 2.86
Rep rate [Hz] 14
Duty factor [%] 4
RF freq [MHz] 352.21/704.42



Overview: Increasing ACC Power Capability
From 2 MW (2024) to 3 MW (2027) to 5 MW
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Installation July 2024
14 spoke 
cryomodules 
tests at FREIA



ESS SCL Cavities and Cryomodules
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SPK

+

Spokes

Elliptical

26 36 20 for 2 MW = 82
44 for 3 MW = 106
84 for 5 MW = 146

Cryomodules

Cavities



Cryomodules:
test workflow, performances and statistics
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ELL CM: ESS Test Stand overview & workflow
CM lifecycle is intensively documented

§ Cryomodule Assembly from (INFN/STFC) CEA

§ Cryomodule testing phase (Mec/Vac/Cryo/SRF)

The workflow and test is split in phases
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SRF

Mechanical Vacuum
Electrical

Site Acceptance Test of CM

Field 
Emission



TS2 Statistics – 15 CM tested

Trend improving over 
time, outliers:
CM03:
Repair of gauge (2x test)
CM32: 
Cryoplant trip/ cold leak 
investigations
CM33: 
Needed to add pumping 
during conditioning due 
to severe vacuum activity
Steady State: 6 weeks in 
bunker (42 calendar 
days max)
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1 proto
9 MB
6 HB

Prototype, used 
for TS2 
commissioning:
2y, several 
CD/WU



2023 2023

Connection

Warm Conditioning 
and Cooldown

Cold Operation

Disconnection

Conferences

45 46 47
2023

Nov 13 - Nov 17 VB/RFDS

Nov 16 IL Checks & WCC Preparation,

Nov 17 - Nov 19 WCC (2/day) (with support from operations in MCR) 

Nov 21 - Nov 22 Cooldown
Nov 23 - Nov 26 CCC (2/day) ( in collaboration with operation in MCR)

Nov 27 2K Pumpdown

Nov 28 Cavity Tuning & Calibration

Nov 29 - Dec 4 Cavity Conditioning (1/day, soak test during WE in MCR)

Dec 5 - Dec 7 DHL+ cavity operation in closed loop with piezo (cavities soak test
in closed loo in collaboration with operation in MCR if feasible)

Dec 15 - Dec 19 Warmup

Dec 18 - Dec 22 Vacuum tests and 
CM Disconnections

48 49 50

Dec 8 - Dec 14 LLRF+piezo test

Nov 20 Integral leak test

Nov 29 - Dec 14 Static Heat Load

51

Dec 4 - Dec 8 TTC workshop

CM In
Nov 10

Close Bunker Door
Nov 17

Open Bunker Door
Nov 6

CM Out
Dec 22

Open Bunker door after test
Dec 18

Nominal CM Test Schedule – 6 Weeks in TS2  Bunker
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RF Performances: Gradient
Nominal gradient is 
generally met
§ Few marginal cav

Test uncertainties 
large at the start of 
TS2 commissioning, 
improving with 
time
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Sanity Check: VT vs CM checks

As expected VT/CM 
results typically agree 
within 10-15% 

The part at higher 
gradients suffers from 
the onset of the Admin 

limit (max coupler power 
in SW) in CM testing
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Coupler conditioning sequence
Warm and cold coupler conditioning

Automated sequencer script runs through the steps, and monitors 
vacuum, EPU and AD signals.
Admin limits in full reflection mode:
• Power cannot exceed 300/400 kW for RF pulses (for medium and 

high beta couplers respectively) longer than 500 µs. 
• Peak power cannot exceed 1.1/1.2 MW for any pulse length

AD and EPU
Signal monitoring
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Coupler Conditioning (off resonance)
Keeping track of experience, as it will be repeated in tunnel

Conditioning times correlate 
with number of NCR registered 
during assembly
CM33 was extremely long, but 
we profited from the 
involvement of ESS OPS to run 
24/7 conditioning through our 
automated scripts

§ SRF experts may speed up the 
process, but the procedure is 
able proceed with no 
supervision.

warm cold
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Cryogenic operation: full Cooldown Cycle
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Credits, N. Elias, ESS

Bath pressure

Cryo-trip!
2d

Liquid level in CM

Heat load measurements

Cold mass temperatures

Slow thermalization of tuning system
Thermal shields ~ 50 K

1 bar = 4.2 K

30 mbar = 2 K

2K Pumpdown
~20 d cold



Tuning tool
Far and Fine tuning tools

LLRF

Motor control

Far tuning 
with 
calculations 
from LLRF 
Waveforms

Tuning sensitivity
(health check)
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Fine tuning with power increase and phase flattening



Calibration tool
Convert from power sent from Klystron to Eacc (or V…)
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Using cavity parameters and 
calibration factors

PU antenna recalibrated using 
forward power, as VT calibration 
factors lead frequenctly to 
overestimation of cavity field

By using different methods and 
power readings (redundant power 
monitoring) we estimate 
uncertainty of gradient calibration
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Cavity Conditioning/Operation tool (TS2)
Getting PV from several subsystems, still manual process

LLRF
Open loop 
at low field, 
then Closed 
loop to cope 
with LFD 

Cavity IOC, 
providing 
in-pulse 
detuning 
calculation

Piezo

Bias

RF pulse 
control, 
calibrations, 
cavity 
parameters and 
diagnostic 
signals
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Field Emission



Operational challenges
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Equipment description for field emission
NaI(tl) detectors with Pb shielding (AMPTEK Gammarad5 76x76mm)
https://www.amptek.com/-/media/ametekamptek/documents/resources/products/user-manuals/gammarad5-user-
manual-b0.pdf?la=en&revision=afb7309f-7ab0-4490-8e10-db886b022bfc

LCWS 

76x76mm

RP Pandora 
Dose rate: 
Neutrons 
and gamma

A

C

B

Rad1

Rad2

Pandora

https://www.amptek.com/-/media/ametekamptek/documents/resources/products/user-manuals/gammarad5-user-manual-b0.pdf?la=en&revision=afb7309f-7ab0-4490-8e10-db886b022bfc
https://www.amptek.com/-/media/ametekamptek/documents/resources/products/user-manuals/gammarad5-user-manual-b0.pdf?la=en&revision=afb7309f-7ab0-4490-8e10-db886b022bfc


Acquisition and Analysis tool
• NaI(Tl) integrated in EPICS
• Tools with python scripts
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Regular measurements
• BKG
• FE meas
• Configuration 

parameters 

Recalibration, 
using
• 208Tl
• 40K
• Pb x-ray 46 keV

Activation check
• mainly 92mNb due to 

giant resonance (y,n) 
activation

46 keV

92mNb 
monitoring



FE as limiting mechanism
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Cryomodule 
test CM

VT Vertical 
Test



FE as limiting mechanism fed by coupler MP: HV suppression
Cm37 cav1 PL 300 us
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HV on
e- signal suppressed
Radiation suppressed

MP in TW 
(Coupler)
Green – AD
Brown – EPU
Red - PFWD

8u a

Electrons
Xray detector cps

HV

Vacuum
Arc signal

Power



FE as limiting mechanism: cherenkov in fibers 
Experience with HB cm37 – cav3 - 
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C3 onC1/C2 off

AD and e- pu signal 
Outside RF pulse 
(TW – coupler)

AD cav 1and cav 2 
detect radiation 
coming from cavity 3 
downstream

Forward Power ON Pl 300 us
Forward Power OFF

AD vac and air activityAD vac and air activity

C1C2C3C4
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Measurement results collection

open 
loop

closed 
loop

Dose rate 
(uSv/h)

Detector technical documentation/calibration and 
configuration files stored in ESS intranet

Data collection (dose rate, max FE energy, direction
of emission) stored in ESS management system:



Recent achievements
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Start and  completion of SPK060 Warm Coupler 1 
and 2 Conditioning

29

SRF/RF/LLRF/ICS/OPS/RP

SPK-060 WCC - AD OPEN FORUM 



SPK-060 coupler  wcc 1

SPK-060 WCC - AD OPEN FORUM 

Manual rep rate 
selection

30

Our First spoke operation at ESS SCL tunnel



Linac Configuration
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ESS Cavity DB used to 
generate linac 
configuration, to 
match performance 
with gradient 
requirements of the 
nominal design
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