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Agenda
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1. The ESS Accelerator Project
2. Normal Conducting Linac 

(NCL) experience
3. Superconducting Linac (SCL) 

experience
4. Cryo Operation
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The ESS 
Accelerator 
Project

Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases
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ǒ Ultimate avg. Beam power 5 MW
ǒ Ultimate beam energy 2 GeV
ǒ Beam current 62.5 mA
ǒ Beam pulse length 2.86 ms, cavity pulse 3.2 ms
ǒ Repetition rate 14 Hz (ᵼBeam duty Cycle 4 %, cavity 4.5 %)
ǒ NCL to 90 MeV: Ion source, LEBT, RFQ, MEBT with 3 Bunchers, 5 DTLs
ǒ SCL to 2 GeV: 
ƺ 13 Spoke Cryo Modules (CM) with two double spoke cavities
ƺ 9 Medium -жˢjǕȒøıˢѨp$jѩˢϸˢ̔ȲˢPǕƸǁ-жˢjǕȒøıˢѨP$jѩˢ*pˢͧǕ˶ǁˢƪˢp$҄P$ˢıø͐Ǖ˶ǕŲʯˢŲøıǁ
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Accelerator Project and Status
ESS Proton Linac
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ǒ First beam on dump (BOD1) commissioning
ƺ Reached first beam on dump milestone
ƺ Max. beam parameters in SCL, beam current of 5 mA for 5 us (50 us) at 1 Hz

ǒ Second beam on dump (BOD2) commissioning goals
ƺ Stable RF operation at 14 Hz, 3.2 ms
ƺ Separately demonstrate the design parameters (long pulse > 1ms at 5 mA, 

nominal current of 62.5 mA to the beam dump)
ƺ 80 % availability of accelerator
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Accelerator Project and Status
Timeline and Status
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NCL 
Experience

Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases
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NCL Preparation
RFQ and DTL RF Conditioning
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ǒ Quickly reached nominal duty cycle compared to BOD1
ǒ Majority of beam commissioning still had to be ran with 1 Hz RF
ǒ Periodic recondition required for operation at high duty cycle
ǒ With LLRF AFF upgrades now possible to run RF independent of beam frequency
ǒ Foreseen for the next commissioning to run all NCL RF constantly at 14 Hz

Cavity BOD1 / Days BOD2 / Days
RFQ 44 9
DTL1 28 21
DTL2 38 16
DTL3 28 14
DTL4 22 14
DTL5 73 11
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DTL Conditioning
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ǒ Generally no problem reaching full duty cycle in conditioning 
ǒ Trouble is more to keep everything stable for long time (in closed loop)
ǒ Sometimes some DTLs (1 and 4) become sensitive to tuner movements in closed loop
ǒ Window arcing problem with RF windows of DTL 2 and 5, one window on DTL1 already 

had to be replaced after BOD1
ǒ Trips often start a cascade due to coupling in cooling loops

DTL 2 Window Air Side 

Burn marks



2026/08/20 Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases

ǒ Testing and qualification of critical RF components
ǒ Installation of a 352 MHz teststand in gallery
ǒ Setup of test rig for DTL windows
ǒ One refurbished DTL window has been successfully conditioned 
ǒ RFQ power coupler test stand is being commissioned
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NCL Maintenance Strategies
Strengthening NCL RF Reliability

A. Passarelli 
TUPO043
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SCL
Experience

Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases
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ǒ For BOD1 cavities were only running 
at low duty cycle (1 Hz, 1 ms)

ǒ For BOD2 we need to prepare 
everything for full DC 
ƺ Piezo to compensate for Lorentz 

Force Detuning (LFD) in pulses > 
1 ms

ƺ Dynamic heat load 
ıȭǷɯŲȒʯø˶ǕȭȒˢ˶ȭˢѲʯø͐ŲѳˢıʎΆȭˢ
when the whole SCL trips at high 
duty cycle

ƺ Radiation studies
ǒ Experience from elliptical cavity 

qualification and testing at ESS test 
stand 2
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SCL Cavity Preparation
For full duty cycle
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LFD Compensation for Long Pulse
Piezo Operation (Manual Mode)
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LFD Compensation for Long Pulse
Manual vs. Custom Piezo

Manual Mode                                                                    Custom Mode 
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Long Pulse in the Linac
Verification Run with 20 mA at 1/30 Hz to the Beam Dump

S. Johannesson 
MO2A002
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Long Pulse in the Linac
How it looks from the Cavities



2026/08/20 Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases

ǒ BOD1 Ыno compensation, but dynamic heat 
load was low at 1 Hz, 1 ms

ǒ BOD2 ЫNeeded for full duty cycle to prevent 
surge/choke at cold compressors (in case of 
RF trips)
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Active Dynamic Heat Load Compensation
SCL Cavity Prep. for High Duty Cycle

Pressure

Flow

RF

Heaters

without compensation                                                                                     with compensation   
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ǒ Much higher FE rates at 
full duty cycle

ǒ Cavity degradation 
(mainly HBL) can cause FE 
bursts and trip the cavity

ǒ FE seen by the arc 
detector fibers can trip 
many cavities as 
ѲıȭǩǩŲı˶Ǖ͐Ųˢøʎıѳ

ǒ Reconditioning with short 
high power pulses to cure 
FE degradation 

ǒ Exploring filter system 
with CEA colleagues
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Field Emission Studies
Avoiding Collective Arcs
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ǒ Do not meet reliability (20 cycles)
ǒ We try to run the motors at 600 mA
ǒ When motor is not moving anymore 

current can be increased
ǒ Two motors not moving at 600 mA 

anymore but increasing to 900 mA helped
ǒ Spk-070 Motor 1 dead
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Spoke Motors 
Cold tuning motor reliability and failure
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Spoke Cold Tuning System 
Testing and Qualification of Replacement Motors
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ǒ Sudden and unphysical jumps ᵼTrips cavity protection
ǒ Cold connector issue?
ǒ Appears only with piezo in custom mode ᵼExciting mechanical mode(s)? 
ǒ Investigation ongoing, but running with piezo manual mode was fine for the BOD2 

commissioning period
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Cavity Field Jumping
MBL-060 Cavity 2


