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Overview on ESS:

Accelerator, cryomodules, installation progress
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ESS: European Spallation Source, Lund , Sweden @5)

World’s most powerful neutron source &/

Enabling materials research: to advance energy, health and environment technologies
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The linear accelerator @ 5 MW @

Overview
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Dump Line =

75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV
Pa rameter Va | ue No. Magnet #Cav x Bg/(Opt)| No. Sections Power (kW) IK partner
LEBT (from Plasma) 2.7 2 Solenoids | INFN-LNS
Ave power (design) [MW] 5 RFQ 45 | | 1600 CEA Saclay
. MEBT 40 || Quads 3 | 15 ESS-Bilbao
Max energy (deSIQn) [GeV] 2 DTL 389 5 5 2200 INFN-LNL
Medium Beta 76.7 I8 Quads 36 x 0.67 9 870 LASA / CEA
Pulse length [ms] 2.86 High Beta | (~1:3 Gev 937 22 Quads 44 x 0.86 I 1100 STFC / CEA
High Beta I 85.2 20 Quads 40 x 0.86 10 1100 STFC / CEA
Rep rate [HZ] 14 Contingency + HEDP 132.3 32 Quads IS Elettra
Duty factor [%] 4 Dogleg 64.4 12 Quads + 2 | Elettra
A2T 447 6 Quads + 8 Raster | Aarhus Uni
RF freq [MHZ] 352.21/704.42 603.0




Overview: Increasing ACC Power Capability s

From 2 MW (2024) to 3 MW (2027) to 5 MW
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ESS SCL Cavities and Cryomodules @

Cryomodules
13 xSpokes 9 x Medium Beta 21 x High Beta

1JC-Lab zanon) B INFN-LASA zanon) B

ESS-TS2 -+~

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




Cryomodules:

test workflow, performances and statistics

ink ' TS2 Preparation Area
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FLL CM: ESS Test Stand overview & workflow @

The workflow and test is split in phases

CM lifecycle is intensively documented it

# | Phase Areas
= Cryomodule Assembly from (INFN/STFC) CEA : From To
1 | Cryomodule reception G02-CXL CM-IRA
. Cryomodule preparation CM-IRA
= Cryomodule testing phase (Mec/Vac/Cryo/SRF) %‘ Cryomodule installation CMIRA [ Bunker
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TS2 Statistics — 15 CM tested @

ELL: Number of days in TS2 bunker
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openaunkernoor INOMINAl CM Test Schedule — 6 Weeks in TS2 BUNKEr  open unker door fter test

Nov 6 Dec 18

CMIn Close Bunker Door CM Out

> Nov 10 > Nov 17 > Dec 22

2023

2023

Nov 13 - Nov 17 [ VB/RFDS

Connection
Nov 16 4 IL Checks & WCC Preparation,

Nov 17 - Nov 19 [ WCC (2/day) (with support from operations in MCR)
Nov 20 [l Integral leak test
Nov 21 - Nov 22 llll Cooldown
Nov 23 - Nov 26 (N CCC (2/day) ( in collaboration with operation in MCR)

Nov 27 . 2K Pumpdown

Warm Conditioning
and Cooldown

Nov 28 . Cavity Tuning & Calibration

Nov29-Dec4f.............. | cavity Conditioning (1/day, soak test during WE in MCR)

__ DHL+ cavity operation in closed loop with piezo (cavities soak test
Dec5 - Dec 7 . . . . L q .
Cold Operation in closed loo in collaboration with operation in MCR if feasible)

Dec 8 - Dec 14 — LLRF'l'piEZO test
Nov29-Decl14 ... static Heat Load

Dec 15 - Dec 19 (N Warmup

Disconnection Vacuum tests and

Dec 18 - Dec 22 (M . .
ec 18 - Dec CM Disconnections
Conferences Dec 4 - Dec 8 (NN TTC workshop




RF Performances: Gradient o~
) ELL: VT/CM Gradient Performances -
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CM Gradient
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Sanity Check: VT vs CM checks

ELL: VT/CM Gradient Correlation
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Vertical Gradient
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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
(n SW) in CM testing



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 us.

» Peak power cannot exceed 1.1/1.2 MW for any pulse length

AD and EPU
Signal monitoring




Coupler Conditioning (off resonance) @

Keeping track of experience, as it will be repeated in tunnel

ELL: Conditioning Times o .
Conditioning times correlate

Warm: mm Cl . C2 m C3 . C4 Cold: mm C1 . C2 m C3 . C4 With number Of NCR registered
% during assembl
warm cold 9 y
s ] CM33 was extremely long, but

we profited from the

involvement of ESS OPS to run
2 N 13 20m 24/7 conditioning through our
automated scripts

30
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S AR EEEEEEE R 5| N process, but the procedure is

| able proceed with no
supervision.
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Cryogenic operation: full Coolc

Temperatures [K]
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Credits, N. Elias, ESS
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Calibration tool @

Convert from power sent from Klystron to E,_. (or V...)

Mon27Nov20m 142822 (Jsing cavity parameters and

1. Low Catibration |( 2. Tom Powers* 1 calibration factors
[  LLRF - Cavity field eacc . SRF-Cavity field § face |  LLRF - fwd /refl ]

S 7 A T e S R Al i | PU antenna recalibrated using
SRR = =i I I I || forward power, as VT calibration
i i o1 el factors lead frequenctly to

g 0 INL Of{ j; . | overestimation of cavity field

00 05 10 15 20 25 30 35 40 Y 05 10 15 20 25 30 35 40

Time [ms] Time [ms]
| | | Pfwd [kW] Prefl [lkKW] B M d ’ff h d d
24t ey &ty | ] ‘| By using ditterent methoas an
; A eoce: [ 2zmym | we [ o35 | e [aseen ] | .

X - NS N | L | power readings (redundant power
S i S i i i i i ( ) ) ° o .
B Rt St ST SE0 SR = e e Cavity Parameters monitoring) we estimate
Q 1 () 1 1 1 1
& : i T N DI, . : . .

odf L NSO N S W A o ——— ) I uncertainty of gradient calibration

i ! I 0 I 0 0 Cavity type: MB @ HB

o

o L1 SN .

ST U T T T LR T T I R R e Ac.length: Cavity R

Time [ms] Time [ms] . Y,
Eacc [VT] [MV/m] Eacc [fwd] [MV/m] Eacc [VT] [MV/m] Eacc [fwd] [MV/m]
B - - Low Calibration (valid for Rectangular Pulse)
Tau: 142.41 us QL: Tau: 143.47 us QL: 6.35E5
O
Qt [fwd]: &Qt: Qt [fwd]: &Qt: C=10"(Att/10); (only LLRF Method needed)
Kt = (2/Leff)*A*B;
kt [LLRF): Qt [LLRF]: kt [VT): 7.820 Qt[VT): Eacc=Kt* Sqrt(CavCh * C)*1e-6, [MV/m]




Cavity Conditioning/Operation tool (TS2

Getting PV from several subsystems, still manual process

Cavity 1 Conditioning X | Cavity 2 Conditioning X | Cavity 3 Conditioning x | Cavity 4 Conditioning X | SCL - Coupler & Cavity Operations X

Cavity 1 Conditioning - MB PiczoMainWindow || Tue, 04 Jun 202417:04:13 |
M —

’/ Cavity Field - AI0 Cavity Phase - Al0 Op. Mode & LLRF ‘l ? Radiation i*

BTN e A E Init Reset EMR-XRS-001:  S7 [ [ T = |
1 E : -8 g E i i E : :
T 1 : i @3 addDot  ~ i A N
S \ i 2 | | | | | i
Sol-f- 2 L 3 on | ERROR | status: | Acquire I R it REEEEEN I T S
g4/ 0PN eI 2 : : : : | | G -
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SR B i : f .
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Open loop - I P iezo
o | | i i i
Kly/Fwr/Refl Power - Al3/AI5/Al6 Kly/Fwr/Refl Phase - AI3/AI5/Al6 Openloop: @ status: | Acquire R LRSI s i

at low field, P

unts: 72.00 Eacc [MV/m]

Loop state: Open-loop EMR-XRS-001: [c/s] EMR-XRS-002: [c/s] B i a S
th e n C | O Sed Piezo Controller Status iezo Controller Settings HV Bias
Channel A Channel B
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Mode: . Mar: @ Noeror | wode: . Aorm: @ voeror | W e [ 7r2er |
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Trigger Delay readback: Trigger Delay readback: HY status: @ Reset |
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Operational challenges
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Equipment description for field emission @

Nal(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
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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 o~

« Nal(Tl) integrated in EPICS i e e e ATSB4270, kB

« Tools with python scripts ase rpeme Recalibration,
—— e — LS

N shie
Add annotation 1o measurement — - - Dead Time.0.721986379713003
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Channel 1 index X ey
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b MCA channets 8192
2.010 @ H MCA source 0
— c H -—
T52/010CRM-EMR-XRS-001:mcal VAL O TSI : PUR enable 0 L4 X ra e
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FE as limiting mechanism -
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FE as \Imltlﬂg mechanism fed by coupler MP: HV suppression @
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FE as \Imltlﬂg MechanismM: cherenkov in fibers @
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Measurement results collection @
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Start and completion of SPKO60 Warm Coupler 1
and 2 Conditioning @
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