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4. Cryo Operation
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Tunnel

Accelerator Project and Status o~

eas»
ESS Proton Linac N4
0 Ultimate avg. Beam power 5 MW
0 Ultimate beam energy 2 GeV
O Beam current 62.5 mA
0 Beam pulse length 2.86 ms, cavity pulse 3.2 ms
O Repetitionrate 14 Hz (1t Beam duty Cycle 4 %, cavity 4.5 %)
O NCL to 90 MeV: lon source, LEBT, RFQ, MEBT with 3 Bunchers, 5 DTLs
0 SCLto 2 GeV:
3 13 Spoke Cryo Modules (CM) with two double spoke cavities
3 9Medium-xs j UR@1 s AP $ jussjpOR aYissPARESIj] ws *psu U. s {1sp$
75eV 3.6 MeV 90 MeV 216 MeV 571 MeV 870 MeV 1.28 GeV 2.0 GeV
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Accelerator Project and Status =

IK /)
Timeline and Status N
First DTL1 Beam First Protons on Dump
1Jun, 2022 9 Apr, 2025 T,
First LEBT Beam First RFQ Beam First DTL4 Beam BOD BOT :m f”m:”'sts":'”'“gt”‘
16 May, 2025 Jan, 2027 (?) e

19 Sep, 2018 26 Nov, 2021

20 Apr, 2023

2018 2027
BOD 1 Commissioning =:> Nov. 2024 = June 2025
BOD 2 Commissioning ~ C=————=)> Oct. 2025~ June 2026
BOD 3 / BOT Commissioning [ > Aug.2026 -

0 First beam on dump (BOD1) commissioning

3 Reached first beam on dump milestone

3 Max. beam parameters in SCL, beam current of 5 mA for 5 us (50 us) at 1 Hz
0 Second beam on dump (BOD2) commissioning goals

3 Stable RF operation at 14 Hz, 3.2 ms

3 Separately demonstrate the design parameters (long pulse > 1ms at 5 mA,

nominal current of 62.5 mA to the beam dump)
3 80 % availability of accelerator
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NCL Preparation

RFQ and DTL RF Conditioning

BOD1 / Days

44
28
38
28
22
/3

BOD2 / Days

9
21
16
14
14
11

0 Quickly reached nominal duty cycle compared to BOD1
0 Majority of beam commissioning still had to be ran with 1 Hz RF
0 Periodic recondition required for operation at high duty cycle
0 With LLRF AFF upgrades now possible to run RF independent of beam frequency
0 Foreseen for the next commissioning to run all NCL RF constantly at 14 Hz
! 1 1 | | 1 1 I
600 | 1 I
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DTL Conditioning
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had to be replaced after BOD1
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Generally no problem reaching full duty cycle in conditioning

Trouble is more to keep everything stable for long time (in closed loop)

Sometimes some DTLs (1 and 4) become sensitive to tuner movements in closed loop
Window arcing problem with RF windows of DTL 2 and 5, one window on DTL1 already

Trips often start a cascade due to coupling in cooling loops

DTL 2 Window Air Side

Burn marks



NCL Maintenance Strategies (e

. . ags & /
Strengthening NCL RF Reliability -
. . .. A. Passarelli
Testing and qualification of critical RF components TUPO043

Installation of a 352 MHz teststand in gallery

Setup of test rig for DTL windows

One refurbished DTL window has been successfully conditioned
RFQ power coupler test stand is being commissioned

Oc¢ O¢ O¢ O¢ O«
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SCL Cavity Preparation

For full duty cycle

8

%

0 For BODL1 cavities were only running
at low duty cycle (1 Hz, 1 ms) Linac Design

v L Desig OA\IG BN C15PK W C2SPK WM ClELL WEE C2ELL _CBE& W C4 ELL

0 For BOD2 we need to prepare
everything for full DC R

3 Piezo to compensate for Lorentz
Force Detuning (LFD) in pulses > —
1 ms :

3 Dynamic heat load
| 6pwyYRys~- UGRs ~ 65
when the whole SCL trips at high
duty cycle

3 Radiation studies

EMATTMV/m]

0 Experience from elliptical cavity 924329290050 deagandagenaiadey
qualification and testing at ESS test $88288388388¢8888¢8¢

stand 2

2026/08/20 Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases 11



Piezo OFF

Cavity Field - Al0
A e](a

¥ a | @ [R

10

3.2,17.6
17.595363882791514

Eacc [MV/m]

0

0.0:0:5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Time [ms]

Cavity Forward - Al5

o -
o
&4
O -
) -
Eq- /
= -
20
0 O -
a o 4
) -

AR AR AR RARARARARR ANARLARARL RRANLEE
00 05 10 15 2.0 25 3.0 35 4.0
Time [ms]

k

600

Power [kW]

0

200 400 600 800

PwrAmp Fwd - Al3

FB loop overpowe
1 BW = 2x power

e

LFD Compensation for Long Pulse

Piezo Operation (Manual Mode)

Cavity detuning at high field (LFD) requires > 50% extra power at pulse end!
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LFD Compensation for Long Pulse
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Long Pulse in the Linac o

Verification Run with 20 mA at 1/30 Hz to the Beam Dump
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Long Pulse In the Linac

How It looks from the Cavities
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SCL Cavity Prep. for High Duty Cycle @

Active Dynamic Heat Load Compensation
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Field Emission Studies

Avoiding Collective Arcs

History of Pandora 096: G071 Tunnel
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O Much higher FE rates at
full duty cycle

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

0 FE seen by the arc
detector fibers can trip
many cavities as
1 6kkUrl ~- U Us gk S

0 Reconditioning with short
high power pulses to cure
FE degradation

0 Exploring filter system
with CEA colleagues
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Spoke Motors

Cold tuning motor reliability and failure

O¢« O¢« O«

O«
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Do not meet reliability (20 cycles)
We try to run the motors at 600 mA

Spk-070EMR-CAV-010: PU Wave Analyzer

x| A =

When motor is not moving anymore L seorommmcavoropurer S T rorses
current can be increased 5 B R i N
Two motors not moving at 600 mA
anymore but increasing to 900 mA helped e
Spk-070 Motor 1 dead
g size: | 30.0kHz Fiequency:
Sensitivity Plot | (][ 2 Blxlalall@f < o
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Spoke Cold Tuning System

Testing and Qualification of Replacement Motors
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Cavity Field Jumping

MBL-060 Cavity 2
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050 20144, MYST7232442; FriFeb 27 172522 2026

+) Print to

Sudden and unphysical jumps + Trips cavity protection

Cold connector issue?

Appears only with piezo in custom mode + Exciting mechanical mode(s)?
Investigation ongoing, but running with piezo manual mode was fine for the BOD2
commissioning period
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