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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
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Tunnel

Accelerator Project and Status -

ESS Proton Linac N\~ —

Ultimate avg. Beam power 5 MW

Ultimate beam energy 2 GeV

Beam current 62.5 mA

Beam pulse length 2.86 ms, cavity pulse 3.2 ms

Repetition rate 14 Hz (= Beam duty Cycle 4 %, cavity 4.5 %)

NCL to 90 MeV: Ion source, LEBT, RFQ, MEBT with 3 Bunchers, 5 DTLs

SCL to 2 GeV:

o 13 Spoke Cryo Modules (CM) with two double spoke cavities

o 9 Medium-3 Linac (MBL) & 21 High-3 Linac (HBL) CM with 4 MB/HB cavities each

75 eV 3.6 MeV 90 MeV 216 MeV 571MeV 870MeV  1.28 GeV 2.0 GeV
(=2 MW} (=3 wa (= 5MW)
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Accelerator Project and Status =
Timeline and Status \K//
First DTL1 Beam First Protons on Dump
First LEBT Beam First RFQ Bearlnjum 022 First DTL4 Beam oA 202550[) BOT
16 May, 2025 Jan, 2027 (?) Neutron Instruments

19 Sep, 2018 26 Nov, 2021

20 Apr, 2023

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

e First beam on dump (BOD1) commissioning

o Reached first beam on dump milestone

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

o Stable RF operation at 14 Hz, 3.2 ms

o Separately demonstrate the design parameters (long pulse > 1Tms at 5 mA,

nominal current of 62.5 mA to the beam dump)
o 80 % availability of accelerator

2026/08/20 Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases 5






NCL Preparation

RFQ and DTL RF Conditioning

600 I System

Conditioning Time / Hours

= RFQ
500 fp === DTL1
m— DTL2
m— DTL4
| s DTL5

2026/08/20

Quickly reached nominal duty cycle compared to BOD1
Majority of beam commissioning still had to be ran with 1 Hz RF
Periodic recondition required for operation at high duty cycle
With LLRF AFF upgrades now possible to run RF independent of beam frequency
Foreseen for the next commissioning to run all NCL RF constantly at 14 Hz

Cavity
RFQ
DTL1
DTL2
DTL3
DTL4
DTL5

BOD1 / Days
44
28
38
28
22
73

BOD2 / Days
9
21
16
14
14
11
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DTL Conditioning

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

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

60

(%))
o

40

30

20
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Number of interlocks
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DTL 2 Window Air Side

|
DTL1
DTL2 |-
DTL3
DTL4 []
DTL5 |

Burn marks

10 15 20 25
Week (2026)
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NCL Maintenance Strategies 2

&
Strengthening NCL RF Reliability N\

A. Passarelli

Testing and qualification of critical RF components

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

TUPOO043
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SCL Cavity Preparation =

@SS
\aw’
For full duty cycle =
e For BOD1 cavities were only running

at low duty cycle (1 Hz, 1 ms) Linac Design

! Design OAVG BN ClSPK NN C2SPK NN ClELL W C2ELL BN C3ELL BN C4ELL

e For BOD2 we need to prepare

everything for full DC SRR RS A EE AL AR

o Piezo to compensate for Lorentz
Force Detuning (LFD) in pulses > *
1 ms AN

o Dynamic heat load
compensation to “save” cryo
when the whole SCL trips at high
duty cycle

o Radiation studies

e Experience from elliptical cavity
qualification and testing at ESS test
stand 2
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Piezo OFF
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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

. Custom Piezo
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Long Pulse in the Linac =

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

120 F7 ' ' ! ' : —H 500
RFQ
>
~ 100} — Volt. [{ 400
\
% a0 L — Fwd1 E
S - Refl U 300
= 60} — = Fwd2 =
O ()
> == Ref2 H200 =
> 40 (@)
= a
r>o 20 | 4 100
@)
O _I* ] | ] | ] | 0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time / ms

3.0 _I I I 1 | | |
c [ DTL-050 H 1200

2.5 F —— Fi
; Field 1 1000
s 50 — Fwd1 =
2 —— Fwd2 =
o 1.5 F w H600 @
o == Ref2 =
Fa 1LOF 4400 2
= 05F 1 200
@)

00 _I | | ] 1 | ] 0

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time / ms
2026/08/20

Cavity Field / MV/m

Cavity Field / MV/m

Spk-130 C1
81 — Field H 300
— Fywd ;
6 —— Ref X
200 ~
o
4 -
=
(@]
4100 A
2 -
0 _I ] | | ] ] | 0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time / ms
20 -
HBL 05_() C1l 1000
— Field
15 | — Fwd  Hsoo =
—— Ref A\‘
0k - 600 g
5 -
- 200
0 _I | ] | ] | ] 0

0.0

0.5

1.0 1.5 2.0

Time / ms

2.5 3.0

Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases

15



SCL Cavity Prep. for High Duty Cycle @

Active Dynamic Heat Load Compensation

e BOD1 - no compensation, but dynamic heat AF |
load was low at 1 Hz, 1 ms '

e BOD2 - Needed for full duty cycle to prevent somperse ey
. Non-compensated
surge/choke at cold compressors (in case of Fow

RF trips)
without compensation with compensation
Syslam reaponsn vethoul” activm dynamic heal loatls compansation (Maintenance Day - 70.01.78) I 2 heq 1 System response with aciive Gyname hest kaads compersalion

s e
[
e

N, T8 g

t! 1]4
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Field Emission Studies

Avoiding Collective Arcs

e Much higher FE rates at
full duty cycle

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

e FE seen by the arc
detector fibers can trip
many cavities as
“collective arc”

e Reconditioning with short
high power pulses to cure
FE degradation

e Exploring filter system
with CEA colleagues

2026/08/20
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Spoke Motors

Cold tuning motor reliability and failure

e Do not meet reliability (20 cycles)

e We try to run the motors at 600 mA

e When motor is not moving anymore .
current can be increased

e Two motors not moving at 600 mA
anymore but increasing to 900 mA helped

e Spk-070 Motor 1 dead

2026/08/20
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Spoke Cold Tuning System

Testing and Qualification of Replacement Motors

] A . % :
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Cavity Field Jumping

MBL-060 Cavity 2

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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Pressure / mbar

Cryo 2K Uptime

BOD1 Commissioning - 21 Trips

/\\

Pressure Analysis for MBL-030 PT-004 (2024-11-26 13:00 to 2025-07-01 13:00)

1600 1 ' . : : - . 1 : ' MBL-030 PT-004 -
Side-wide power cut. i Warm up due to water in T3 string -—-- Threshold (32.0)
L \ : : Leaking safety valve after CC Trip Uptima
1499 1= i Maintenance fSAT/ PLC / filter) i olasn I
| T : SP VFD fault Maintenance
200 f- ' _ . 1
' C°q_‘l!g"1" Trip : Vacuum PLC network issue Szlri'tsi::as BrEak
3 . | = 7
1000 - | Turbine (T3) failure Hardware 1
: | Filter Clogging
- PLC update _ < Turbine (T3) exchanged SP trip (PLC update) OpetatignsiGentrols )
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i L i l] _ : Bearing fault in CC3 _
: |
L - SP Tri ' .
400 i P i I H I
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200 |- ; i o | =
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ok :Colo'l down started i { : | ] ) = |
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Date
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Pressure / mbar

Cryo 2K Uptime

BOD2 Commissioning - 4 Trips

Pressure Analysis for Spk-130 PT-003 (2025-11-10 13:00 to 2026-07-07 10:00)

1600 & ; i I I T T T T — T
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1400 = : | l -
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l I
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1 | I | | | | | ] | :
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Cold Compressor Bearing Failure

CC3 Damaged after 3000 h (expected 5000 to 10000 h)

_—

-
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Summary ay

ESS Linac achieved BOD2 goals N

e NCL all cavities reached full duty cycle at nominal power
e DTL windows arcing - known issue with coating
= New windows in production, refurbished window tested
at the 352 MHz test stand int. beam stops
e All SCL cavities prepared, conditioned and tested at
nominal pulse length (3.2 ms) and at 14 Hz rep. Rate
o Piezo running in custom mode
o Dynamic heat load is active
o Field emission and radiation studies ongoing
e Beam parameters achieved
o Long pulse of 1.5 ms at 20 mA
o Nominal current of 62.5 mA for 5 us, 30 mA for 50 us
e BOD3 commissioning run starting September and beam
on target is planned to start in January

LEBT FC

beam dump

no beam

S. Johannesson
MO2A002
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Linac and Cavity Parameters @

Requirement Spoke medium-g8 high-g8
Frequency / MHz C v g 70442 70442
Optimum g 0.5
Z 3 : Geometric 8 0.67 0.86
DTL  Spoke Cryomodule P> High-B Cryomodule Esee /MVm™ 9.0 16.7 19.9
« ss221 et > < a2 Epy / MV m™! 39 45 45
oo o ORI OSSO GOS0 T B
T T uuu T Ju T Jo t uuu Epy [ Ence 4.28 2.36 22
75 keV 3.6 MeV 90 MeVv 216 MeV 571 MeV 2000 MeV Iris diameter / mm 56 94 120
ISRC & LEBT ,;ﬂ — Medium-B Cryomodule Quadrupole Magnet RF peak power / kW 335 1100 1100
1 % G/Q 130 196.63 241
Eolt s Bt ) maximum R/Q / Q 425 394 477
TE i Nl Qext / 10° 1.75-2.85 7.5 7.6
b P Conetor Magnet min Qq(Escc) / 10° 1 5 5
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Cavity Tuning and Calibration

e Sensitivity: Spk ~ 8.5 kHz/turn, MB ~ 20 kHz/turn, HB ~ 17 kHz/turn

HBL-010EMR-CAV-010: PU Wave Analyzer Spk-010Crm:RFS-SM-020:Motor

s LIS 3 .0 T = hlics ML IE I, - e Set Absolute Pos: 3548.0 turn
. _HBL-O10EMR-CAV-010: PUFFT ROI - Stats @ Done moving Alarm 1: NO_AL
N Set Relative Pos: 0.0turn T
. Moving
- Predefined Steps:  Choose 10f6
- . Motor powered
2 Current Pos: 3548.0 mm
3 B Low Limit Switch
“ | ¢ : B TT-010: 40.56 K
. ) © Homed
- < 155 ¢ 15 '4 ’- & s 19 195 X .STOP
s Gar 100 191 Peok Magniude: | 1287 Detuning value (end of RF pulse):
5 Se KoMe i F reQuency 7;;.57j;:;u; i
A rE N Q 08 w
o , Covity tuning sensitiity HBL-040Crm:RFS-SM-010:Motor
N i i R e e e el B S e i e
3 B : : | i
g . * : : . | 215000.0 step
e : » Set Absolute Pos: A1 NO_AL
2 ¢ : ; © Done moving
3 (o) : ' SetRelativePos:  0.0step
= o i : . Moving
) : 5 : ‘ Predefined Steps:  Choose 10of 6
; ' . Motor powered
Current Pos: | 214999.0 mm
© Homed

TT-018: 18.17K

Detuning value (end of RF pulse):

Feeq Min 0.0 kM2 Frog Mae W00y

v Logartheme A abe

2026/08/20

HBL-030RFC:EMR-CAV-010: PU Calibration

LLRF - Measurement

PII!I!GID ator o . - -y
ot At RN 0NN RIS ARARI RRRRAARARARORLL LS
00 05 10 15 20 2 30 35 40

v Eacc

Tme |

Enable i
HEL-030RF C.EMR-CAV-010: PU [MVIm)

Pwr. P 15004W

Par. Step. 10 W v
Fill Rato:  £.00

Fill Time: 0.300ms

Rise Time: 0.005 ms

Fall Time: 0000ms  ©
Phi [deg) 00deg s :
SR ARAZRARARA RN ARARIRRRRAARAR RIS
00 05 10 1S5 20 25 30 35 40
CM Eocc meas. (Refl) Time [ms]
Eacc [VT)IMVIM] Ea fwd] (M
Gradient: | 0.00 MV/m Tow | 15188 | oL 6%
Mitwdl | 839 o ke
LS o0 (———— — —
Qeiwel | 123611 | aeoe | 016%
@ 90,0060 Mjues: | a0 o [ e |
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MBL-040RFC:RFS-Scope-201:DS0X1204a & EPU

DSO0X1204a keysight scope

thl: | @OH
VRange: 400V | 4.00%
VOMfset: 000V

Probe: 10

w

] -1

Points: 500 500

TRange: 8.0ms - 8.00 s
TPos: 0.0ms > | vooms
Trig Mode: NORM b NOEM

Trig Src:  EXT * | EXT

Scanning:

Status:

FIM EPU Al6 (Full Window)
Maximum: 0.176245 mA
Minimurm: 0.0 A

2026/08/20

Thu, 15 Jan 2026 11:27:02 +0100

L

GHT TECHNOLOGIES,DSOX1204A,CNE3126

Cavity Conditioning

Lication Graups Mot Connection: and Corfigelabs
iortor Selection,

Pardona (90 Shb 280

Parciora (62 ; T52 Chicarm

Pardiona (93 Gieen 'Wal

Parciora 184 AEME

Pareiina (95| Shub 380
&) Parekora 096 GO Toswel

[ Spactra: Emargy + Tima
| Enesgy Cabbrgt

| Trende: DOSE-Blk Hdr

L AT S S

Sub Frst oty valom foif
[ Fe'bin =0

Fatnes (0 fox GadRiows 4

Cursan efiesh

Sebect Sl el SrogeTirmes of Infegration Inberval
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Pstagres Sz g ((-10000%
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Alrm Hesde
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Live Data " Ik Inkerval The smlected [mingation] misrval i 52 2 men
. top 16:14:26 (4. 1% vec Toduy [olapund: 52 2 win dilf: 0.9 1]
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Cryo Control

CM/VB handled by state machine

e One State machine for each CM handling transitions/interlocks

e Master control sequence tracking progress for global transitions

K
Automated Control Sequence MBL-070

Oncrve SEQUENCE STATUS
O’“"‘m Waiting for Transition Condition STATE ACTIVE 601
Owmanuaw  TRANSITION DELAYIs] o OMACTIVE 6
TIMEOUT [s) o
Oranr TIME FROM o
(OSAETYFUNC.  Nointertocks occured!
[ iw oMo1
SYSTEM STOPPED
) Interdock () Supervision
o
SYSTEM READY
) Intertock () Supervision
[ o r

oMo3 ow OMos
COOL-DOWN 300K-4K WARM-UP 4K-300K

interlock

) Supervision tteriock €3 Supervision
Al
Omos
STAND-BY AT 4K
) Intedock ) Sepervision
s N2 o 1
[ new OMos ow oMo7
COOL-DOWN 4K TO 2K WARM-UP 2K-4K
Interdock (3 Supervision Intedock () Supeevision

T

I

OMo6
STAND-BY 2K
Interdock ) Supervision

2026/08/20

Sequence actions:  STOP SEQUENCE

o

"

"

Intedock €3 Supervision
7500

STATE: 501
RAisE LEvEL

Intedock () Supervision
501

STATE: 502
STABILIZE LEVEL

Intedock ) Supervision
02

STATE: 503
ACCP COMUNICATION

STATE: 505
REGULATING PRESSURE

Intertock 3 Supervision
505

STATE: 506
WEATERS BACK ON

Intertock

MASTERACS. INTERLOCKS ELL
SEQUENCE CONTROL
INIT SEQUENCE ACKNOWLEDGE
MANUAL PUSH

@ DIsABLED nstate: | o

STATEENABLE  STATE DISABLE
. STATE: 500 L)
enTRY STATE

wro

DEVICES CONTROL:

ALLTO AUTO
ALL TO MANUAL

Dev Mo Alarm Status.

OMName:  Stand-by 2K

State Name: MAINTAINING STABLE LEVEL WITH CVO1

Maintaitning helium level with CVOL

Description:

INTERLOCKS & SUPERVISIONS

SUPERVISION_LOGIC: 10R20R30R4OR'S

woux sTATVs PROCESS VARMABLE

wussasc surrom

1:@) MBL-OTOCDL:SC-FSM-300-Devices_in_Auto: True FALSE

2@ MBLOTOCH:SC-FSM.TOO:ON: True FALSE

1@ MBLOTOCOLSCFSM300NOWaterFlowl 205 True - st

4@ MBLOTOCOLSCFSM.300Unctrl_Devies OK:  True = et

5:@ MBLOTOCDL:SC-FSM-300:Devices_NoAlarm: True FALSE

INTERLOCK_LOGIC: 1 AND 2 AND AND

woex sTATYS raocess vamABLE - strromT

1:@ M8LOTOCm Cryo-CV-001-Ramping: False FALSE

2@ MBLOTOCSCPID-001 Regulation on TRUE

ACTIONS

worx INTERocK acnon

0: PrdAdy-CV-001 Auto_RegulationON = TRUE

I OYES  PAGV-CV-001 AutoSetPoint = "": o - MBLOTOCOLSCFSM-300:601 PUIAGN-CV-00
2 PidAdv-CV-004 Auto_RegulationON = TRUE

R - T

TRANSITIONS
Transition: TEOl  Successor: 699 Transition Delay: 605

LOGIC: (10R 2) AND (3 AND 4)
1:@) MBLOTOCDL:SC-FSM-300-0M_WU_to_4K:
False

2@ MBLOTOCOLSC-FSM-300PerTess: -
False

TRUE

TRUE

bMastorAutomatcd Control Sequence Overview

Oacrive SEQUENCE STATUS
Owro Waiting for Transition Condition
O 'TRANSITION DELAY [s] ©
TIMEOUT s}
Oraunr
O saservrunc.
vaw OMoL
SYSTEM STOPPED
Interdock () Supervision
'
ALLOW TRANSITION
v
v oMoz
SYSTEM READY
Intertock (1 Supervivion
ALLOW TRANSITION
ew

o oMos
WARM-UP 4K-300K
interdock £} Supervision

oMo3
COOL-DOWN 300K-4K
Inteclock £} Supervision

ALLOW TRANSITION

OMo4
STAND-BY AT 4K
) inertock () Supervision

'
e
A

new oMos OMO7
COOL-DOWN 4K TO 2K WARM-UP 2K-4K
Interdock () Supervision Interlock £} Supervision
ALLOW TRANSITION
wow OMO6
STAND-BY 2K
nteriock () Supervision

SEQUENCE CONTROL GLOBAL CONTROL
OM Name: - imber:
STATEACTIVE 601 Sequence actions: STOPSEQUENCE  INITSEQUENCE  ACKNOWLEDGE ALLACS STOP SEQUENCE QRSTAND-RY 2% O o s
OM ACTIVE 6 Mode select: 5 Auto. MANUAL PUSH ALLACS TO MANUAL State Name: MAINTAINING STABLE LEVEL WITH CVO1 State Number: 01
o TIME FROM Py SwichtoManual: | @ DisasLED In state: 501 s ALLACS PUSH Dk Maintaining hesum level with V1
CoNPG ovERVIEW 601 STATE ENADLE STATE DISABLE ALL ACS ACKNOWLEDGE
- STATE S = Spokes Section fi INTERLOCKS & SUPERVISIONS
GAOR, [SOIN (LERR ROVE DN (RO (070N LS00 (S0 B0V (SN0 [IANS) iA8e. Nointerlock and Supervision defined
e com | comm | o | com. | com || comn | comm || comm || comm | comm | comm | comm | comm
o Mctve | Actve  dcive | Acve  Active | Active | Actve | Actie  Actve | Actve  Ace  Acie | detie
Mto  Aute | dwte e Awe A  Ade  Aute  Aute  Jete  Ams  Aue  Auwe
= e - superv soparvs
MANTANING STABLE LEVEL WITH Vo1 sérre f
T o L e e Lo e L o (e
T601
2
s e BRI R NI R RIRIRI R RN
e STATE (10 owo7)

Interfock ) Supervision

l":?i

supervia

010

020
Comm
Fault
Active

Sopervis

(RN IR RN R N

Medium-Beta Section

Comm

Active
Auto

High-Beta Section
020 030 040
Conm || Comm | Comm

. Fauit
Active | Active  Active
Aute At Auto
Suparvis
1 | G | o1
3 g -]
B.EN.EN.E

050 060 o070 080 090
Comm | Comm  Comm  Comm  Comm
=
Active  Active  Adive  Active  Active
Aute  Aute  Awto  Aute  Aute
Supervia

Comm

Active
Aute
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No action

TRANSITIONS

Waiting for 38 Cryomodules PLCS to be in State 601
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Cryo Control

CM Supervision OPI

Cryomodule - Spk-050

Spk-050 v Interlocks Water OP1 Vacuum OP1 Trends

Controllers Config ~ Maintenance ACS Acknowledge All CRM Graphical
Header Unit coL = S 'b e 2 End Box
e e Cryogenic Distribution Line e
0.53bara § 82 sk LUTT-86 55k < | < VLP Line
| 12.48 bara | LITT84 <52k LOTT-88 551k < | 1 < TS Return
ERTT8Y 2rox B RTTRE »1cx 5 | | | 5. TS Supply
Helium Recovery Line () CV-60 (3] cv-03 () cv-04 (1) cV-61 HP Line
= — s s — A M 99.6% | 1000% A M 99.9% | 100.0% | A ™ 99% | 99% A N 998% | 93% % 5
™ Helam Colector I Y S on. ValveBox:4" o . ememll . emem
S SV Relief Line » 1.[ O Tw O T
I CV-06 Ccv-63 Purge Return Line
No interlocks | PT60 .pT01 CTer OAD 0AD HV-60 "
occured! CV-090 l 1264bar | 3.03bara 49K > - “ Helium Collector
A Open SP; m— ~ | - SV Relief Line
1500.0 mbar \ onnd a x
O " l 49K 15% olo’: ?lvo&v“: A }
: 15% DT !
Mode - TT-92 o j MRTIES SV-001
- O S - O - .. 55K e H A9K 3.75barg |
® Day -II I 1196 ioLTres
. . 3 : 3 HV-002
.. =
o w  |2KRelief and Burst Disc  { {Fill Valye =" —
V03 0 oo 1193 [RIET T S— :
0.0% | 00% ™ A 41.9% | 420% | M8 JT 47K PT-003  reevereereens K
; o (1) 700% | 72.1% A T1-97 A 526.2 mbar HV-003
6.72 bar TT-60 ...":\'“'“ = Tr-02 Ack - TT-61
Cryouml. 81K 106K 285K 470K :
SPK CM
sl Qo Ctron
TN wevmevosast R R e e 829K
Show Redundant 20 ] el i rr007 (00T002 TR iiT001 0 () TTo0s el [ TT-010
“ oevces 2 747K - 19.1K
Show Grayscale ;
Process Line O eH020 © o A C EH-010 (A
oow! oow oow| oow
VGP-01100
CTT-012 1.00€-3 mBar
Qv C?sxox wolw'. :)ux czsxox morw'.:)nx - VGC-01100
PIIRLY S e 3wl 2otk B 201 1K e ol L0083 Dok
wtrC @ CeramicWindow2 @ Coupler2 }* -----  Fs-021 @ Flowok WtrC @ Ceramic Window1 @ Coupler 1 '\_-x b 0 ps0M @ Flowok
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Cryo Control

One PLC for loop/Interlocks for each Cryo Module / Valve Box

Cryomodules Graphical Control

Spokes

090 100 110 120 130

|
| :
| I
| Ib

o ¢ bk

gl ¥
ol

3
=
5
»
>

_»
>
=

gl
ol
’J N | -

>

i

PC dwe flow

PCflange

Water flow

Iso Vac

Beam Vac

iiﬂiii "WE

EE

:

I | :

I |

I

I :
d e IR
N I

il €

|
| :

| Nk
d N
| :

>

/I | :

I | :

Not calibrated Not calibrated Not calibrated

Not calibrated

= Ml

t calibrated

Not calibrated

AR AR AR AR AR ARARARAR AR ARAR
EEaE EEEEEEEE
A n| [ 0] (AW (AW A Rlfaw @A AR AW AR AR
Pl b — b— — e ——-——L—
R [ [ I [ = =] [ f] [
ARARARARARARARARARARARARARATR

HBLs

)

Level loop using JT-Valve in
= module to achieve level in 2
redundant gauges

Pressure loop, using outlet
valve to regulate pressure at
each CM (31 mbar) with no
pressure drop from line, all
CM in same conditions. CC
set usually at 26 mbar
suction

Slow interlocks on
Temperature, water flow,
Isovac, Beam vac

s
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Totals

Avg/CM

528 W

tot:

Mbl: 16.2 W
Hbl: 15.0 W

Spk: 16.7 W

D 07118
: ..I 001-18H
I 0B0-18H
I 080-18H
I 0L0-18H
I 090-18H
I 050-18H
I 0v0-18H

S p— 050-19H
I 0Z0-18H

m I 010-18H
it I 060-18M
* . 050-18W
HI 0£0-18K
;I 05018M
P NN 050-19W
¢ i— 0r0-18M
) N 050-19W
: d— 0z0-19M
;N 010-19W
1 .“I OET-NdS
g I 0ZL-NdS
I O11-XdS
I 00T-XdS
i 060-3dS
M 050-)dS
l DL0-¥dS

7 il 09048
i 050-4dS

o i 0v0-%s
I 020-NdS
S 070-%ds
I 010-¥dS

50

Measured Static and Dynamic Heat Loads

Heat Loads

= = = =
« 3] -

[Mm] savo Lv¥3H

Static

tot: 285 W

Spk: 1.4 W

Mbl: 6.8 W
Hbl: 18.7 W

S 011-718H

| N 00T-18H
: IEEE—— 060-18H
! I 050-19H

. 0/0-18H
I 090-718H

Pl m— 050-16H
Pl mE— 0r0-1OH

[ 0E0-18H
B 020-18H

P pm— 0T0-19H

N 060-19W
e 080-19W
B 0.0-18W
B 090-18H
B 05018
N Or0-1EW
M 0£0-18K
B 020-18H
N 01019W
i1 0ET-NdS
i1 ozrnds
DU OTT-NdS
1 ootds
i H 060-4dS
i) 080-Nds
s 1 0L0-AdS
i1 000-ds
51 050-4dS
i1 ovo-ds
i1 0E0-AdS
i B 0zZ0Nds
¢ | oto-uds

L=
uwy

(=]
=t

=]
1]

(=T = | [=]
o e

(Ml savol LvaH

Dynamic

tot: 812 W

Spk: 18.1 W
Mbl: 23.0 W
Hbl: 33.7 W

| 011-19H
I 00T-18H
II 060-18H
I 080-18H
I 0L0-18H
| I 090-19H
I 050-18H
| I 010 13H

" 1 I OG0 18H
: m | I 02019
;I 07 0-16H
ol I 060-13]
© 7 — 050-19W
;I 0:0-1W

| C N 09019H
P 050194

| S 0V0- 19N

: vI 0E0-18W

| S 070-13W
| 01019H
S 051445
I 0ZT-NdS
I OTT-NdS

2 i 00L-NdS

| I 06015
NI 080-4dS
HI DLO-NAS
I 090-4dS
I 050-4dS
ﬁI Ov0-3dS

i I 020-)dS
I 0Z0-NdS

| 010445

3 § 8 8 = °

[mIsavo11v3aH

Total
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Front-End & Magnets

Ion Source, LEBT, MEBT, Magnets

Magnetron degradation and replacement
LEBT repeller fried and replaced

MEBT Bunchers sometimes need “cleaning” but very reliable
Magnet water leak, some magnet polarisation and “miswiring” corrected

g-lagnglron IRF Prqbe .

\Y
; \§
84 \
M~ J
=
==
n
—c
297
1™ .
; 4
£§ ________________________________________________________
3]
= R N O T et
S NN U | RN | WAVOUIL) SOOI WMOFNL IO | W O |
~-J
k:
1
1
N 1 L]
= 1 e
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Time [ms]
Forwar: d [w] Reflected [w]
Magetron SP /| W
Oon Oon 510 W
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FE Buildup and Couplers showing MP __

HBL-040RFC:RFS-Scope-401:DS0X1204a & EPU Mon, 09 Jun 2025 23:02:39 +0200 | . . _ .
N~ = e - MP in coupler region during TW mode during
Qo | cavity fill and decay
= Can be eliminated with 300 to 1000 V bias to

VRange: 4.00V 4.00V

e 0000 [ome ] run the cavity without needing to fully condition

Probe: 1.0 1.0 ]
Points: 1000 o | MBL-090RFC:RFS-Scope-101:DS0X1204a & EPU | Mon, 09 Jun 202522:31:35 +0200 |
s0m
Range: - DSOX1204a keysight scope ® | A M@ a @]k [
TPos: 0.0ms 00 =1 2
gMode: NORM Nol Oon
igSrc: EXT E CH2 CH3 CH4
Scanning: 1.000 9 s PTT
— ——
Status: [Connected VRange: 4.00V 4.00V
Offset: 0.00V 0oV
Probe: 1.0 1.0
Py 1000 52

aimum: | 0,002895 mA

Cavity FE along RF pulse but no EPU

= Cherenkov light occurring in the fibers EET—

Maximum: | 0.352112 mA S r ¥ : : : y . y : rE
600 800 000 1200 00 1600 800 2000 2200 2400 2600 2800
Minimum ;| -0.008017 mA ~ I ime [us KEYSIGHT TECHNOLOGIES,DSOX1204A,CNE3246
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BOD Time Usage o

€SS
Commissioning time to beam destination &/

BOD1 BOD2
LEBT FC

LEBT FC

int. beam stops

int. beam stops

beam dump beam dump

no beam no beam
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Installations @)

2 Pilot CM Apr.-June 2023, DTL5 Sep. 2023, 25 CM from Aug. 2023 to jJuly 202

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

Magnets Installed and Tested July - Nov. 24
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Spoke CM Installation

13 Spoke CM

e Test at FREIA identified issues with cold tuner system

e Nearly all CM were opened at ESS removing a clamp and replacing most motors
e (TS test reveal lifetime of ~20 cycles and large statistical variation

o Tihtinstallation sce B

4
4
N

o s 4‘}
3 ! : A? . *0
y éxf"?." 5‘%

sliot-Curie A=
ede Physique
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Spoke CM Vented

Combination of HW malfunction and human error

= o T . S——
' /, / > - ¢ Gvﬂ' " "‘e }___

 S—

e 1CM hadto be
swapped after venting
from LWU in Feb. 24

e Spare Installed

e Module retested,
showing severe field
emission

s : \J ‘-‘ & A J’ ‘\‘“!'{/i _- -
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Elliptical CM Installation

9MB+5HB

e Installation much easier
than Spokes in terms of
accessibility

e 14 WtrC manifolds
commissioned after CM
Testing phase completed

2026/08/20 Technical Commissioning of the ESS Linac Cavities for the Beam on Dump Phases
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FE & Collective Arcs @

Cavity Degradation Example
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