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LINAC Preparation
for Commissioning
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BODT (THz/Tms) vs BODZ2 (14Hz/3.2ms

LFD compensation algorlthm developed by LLRF and ICS team

* Automated LFD
compensation tested first in
TS2

* Implemented to the LINAC
for BOD2
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BODT (THz/1ms) vs BODZ (7

Handling Dynamic Heat Loads

Prevention of surge/choke flow for CCs (Trip)
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Readiness for Beam (BOD?2
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Field Tuner o 1 RF Pulse Duty. oL& Cavity Cavity

Probe Pos @ Length  Cycle  Protections Temp  Vacuum
90MV/m 2959turn  -46Hz 233349 3200us  140Hz 27K 6.5E-11mBar
9.0MV/m 3542tum  G6Hz 226393 3200us  140Hz 24K 12E-10mBar
90MV/m 4492tum  T2Hz 210475 3200us  140Hz 20K 8.0E-11mBar
90MV/m 2352tum  230Hz 211087 3200us  140Hz 20K 37E11mBar
90MV/m 4216turm  391Hz 239187 3200us  140Hz 36K 23E11mBar
90MV/m 3462tum  306Hz 218121 3200us  140Hz 31K 7.5611mBar

Probe

SSkW 9.0MV/m
48KW  9.0MV/m
53kW  90MV/m
S9kW  9.0MV/m

59KW  10.0MV/m
STKW  10.0MV/m
67KW  10.0MV/m
65KW  10.0MV/m

103kW  120MV/m
2KW  120MV/m
14kW  120MV/m

05KW  120MV/m

1LakW  140MV/m
126kW  140MV/m
LIKW  140MV/m
143kW  140MV/m

150MV/m
150 MUz

#ETIV/m
150MV/m

94 kW 18.1MV/m
186kW  17.8MV/m
243kW  181MV/m
14kwW
198 kW

1BOMY/m

Detune

200900 step.
157590 step.
166430 step.
153400 step.

35Hz
-65Hz
T6Hz
TiHz

185490 step.
177340 step.
181800 step.
187000 step.

-16Hz
59Hz

35Hz
12Hz

146150 step.
136230 step.
136950 step.
129480 step.

109Hz
1sHz
127Hz
171Hz

125810 step.
137660 step.
141180 step
143210 step

21z
189Hz
1a7Hz
1024z

i3
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THz

144Hz

#7200 step
176440 step.
153910 step.

178110step -38Hz
170300step 52Hz

179170step 159 Hz
135350 step 168 Hz
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cavty Cryo  AD o
Cycle  Protections  Temp  Vacuum LPS Vacwum  Air
1601z 20K LOE10mBar 0040V 0020V 0003mA
140Hz 20K 10E-10mBar 0402V 0402V 000SmA
140Hz 20K 15E9mBar 0060V 0040V 0.004mA
140Kz 21k 23e10mear @  0020v 0020V ooooma
140Hz 20k 28e10msar @  0020v 0020V 0005mA
140Kz 19K 22E-10mBar 0060V 0020V 0046mA
14.0Hz 20k 40e1omsar @ 0080V 0000V 0226mA
140Kz 20K 42610mBar 0020V 0020V 0258mA
14.0Hz 20k 1iel0msar @ 0030V 0026V -0000mA
1404z 20K 21E10mBar 0200V 0.004mA
14004z 20k 27e10mear © [Co000v | [Co.000v ] 000sma
1404z 19K L1E10mBar 0040V 0.005mA
19K L1E10mBar 002V 0028V -0.000mA
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1404z 19K 13610 mBar 0040V 0000V 0004mA
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Detune a
Power  Power  Probe  Pos Length  Cycle
01KW  272KW  200MV/m 199500step -G6Hz 65887 3200us 140Hz
WIKW  277KW  200MV/m 198250step 15Hz 724650 3200us 14.0Hz
290MW  27SKW  200MV/m 221850step -S7Hz 633105 3200us 140Hz
01KW  292kW  200MV/m 166150step 100Hz 604624 3200us 14.0Hz
200MV/m 229850step -95Hz 649331 3200us 140tz
200MV/m 242200step 28Hz 625633 3200us 140K
20750 step 631561 3200us 140K

200MV/m

T1Hz

27LKW  260kW  20.0MV/m 239400step 403Hz
235KW  238KW  19.1MV/m 230250step 6Hz

282KW  266kW  20.0MV/m 199400step 16Hz
278KW  266kW  20.0MV/m 207250step 103Hz

303KW  295KW  20.0MV/m 215050step -55Hz
209KW  289KW  20.0MV/m 213250step 59Hz
286KW  272kW  200MV/m 212100step 37Hz
3BLKW  318kW  20.0MV/m 230930step TLHz

230KW  218KW  200MV/m 224450step -111Hz
28LKW  278KW  20.0MV/m 208500step 21Hz
3BKW  293KW  20.0MV/m 217200step 25Hz
274KW  265KW  20.0MV/m 198220step 18Hz
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Heatr  Temp  Heater  Heater
0SW  2396K  265W  2940K
0SW 238K 259W  2040K
LIW 232K 276W  2940K
LIW 236K 282W  2940K
11W 237K 263W  2940K
LIW 2442K  232W  2940K
LIW 237K 265W  2940K
LIW  2403K  229W  2940K
LIW 236K 247W  2941K
LIW 230K 232W 290K
LOW 231K 248W  2941K
L1O0W  2990K  279W  2941K
LIW 293K 264W  2940K
LIW  2429K  247W 290K
LIW 231K 274W  2940K
LIW 243K 249W  2041K
LIW 2419K  285W  2941K
LIW 2413K  238W  2940K
LIW 248K 266W 291K
11W  2409K  243W  2940K
LIW 299K 226W  2940K
LIW  24L1K  231W  2940K
LIW  2424K  240W  2943K
LIW  2429K  224W  2940K
oL& Cavity  Cavity Cryo
Temp  Vacuum  LPS
20K 20810mBar
19K 23E10mBar
19K 24E10mBar
v 20k 30E10mBar
v | 20Kk 31E10mBar
v | 20Kk 21E10mBar
v | 20K 17E-10mBar
20K 206-10mBar
22K 1L8E-10mBar
20K LEE-10mBar
20K L4E-10mBar
20K LEE10mBar
20K L9E10mBar
20K Laglomsar
20K L2E10mBar
20K L7E10mBar
19K Lagl0mBar
19K LSE-10mBar
19K 20E-10mBar
19K 17E-10mBar

Heater

54w
51w
59W
52W
54W
36W
56W
27w

52w
53w
60w
61W

sTW

59W
asw

39w
26W
46W
46W

46W
40w
28W
35w

Trends

0.004mA
0.004mA
0.005mA
0.004mA

0.003mA

0.003mA

0.005mA
0.004mA
0.022mA
0.005mA

Nominal RF Pulse:
14Hz

3.2ms
Workflow:

warm coupler

[100% [

Cavity FPC Win FPCFL FPCFLNG. FPC He s
Heater  Temp  Heater  Heater  Heater

07w 230K 27w 230K 4sw -
oTW a4k 232w %41k 40w -
0SW 214K 243W 290K 46w -
osW 204K 220w 230K 43w -
0sw  2m5K  235W 2040k saw

0SW  26sK 223w 290K 31w

0SW 215K 248W 290K 46W

0SW 224K 230w 290K 44w

08W 207K 243w 290K s5W

0SW 212K 2L4W 290K 34W

08W 218K 245W 290K 46W

osW 228K 222w 290K 41w

08w 2meK  23sw 290K s2w

osW 266K 2L4w 290K 33w

0sW LK 236w 290K 40w

osW 204K 213w 290K 39w

LW 2msK 240w 230K sswW -
1w 203K 25W 2040k 43w -
1w 229K 24w 2040k 38w -
LW 2e4sK 220w 290K 31w -
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Spoke motor failure

SPK-070-1 tuner dead

] Spk-070EMR-CAV-010: PU Waveanal lyzer X ‘
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Xaxis Start:

0step
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“§—Cavity Peak is-not
1 moving with motor,

XaxisEnd: 4000 step

sensitivity: -0.11 kHz
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SPK-100-2 tuner half dead ?

Fine tuning after cryo trip:

* at nominal motor drive current
tuner was not moving

* increased from 600mA to 900mA
helped

Sensitivity Plot

352200

352180 A °

352160

rrequency (Kngzy
[ ]

352140

352120 -

352100 A

T
0 500 1000 1500 2000 2500 3000 3500 4000
Steps



Spoke CTS Test Stand

Preparation ongoing




MBL-060 S2 mystery

Unphysical jumps to higher field
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MBL-060 52 mystery s

- Cavity PU connected to Oscilloscope - Cavity PU connected to Oscilloscope
- LLRF fed by Signal Generator - Nominal field and RF pulse
- Long pulse and Piezo ON (custom) - Piezo ON (predefined = manual)

DS0- 201

44, MY57232442: FriFeb 27 15:42:23 2026

1 20 1.6802 500.0&/ Trig'd 3.06Y

wwwww 500.0%/ Trig'd
KEYSIGHT
TECHNOLOGIES
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26-03-12-18:25:57

Channels
1.00:1
1.00:1

0.0 hours, 0.00 days, (1 Hz)

uration Menu

4 Print to
725 NETPRTO

+312.50H:z +576.000mV
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Collective arcs

=
Operating in FE regime

More 10/06:
FE experience
by C.Maiano
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Performance degradation
HBL-020 C1 ,HBL-030 C3 C4, HBL-040 C1
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Cryo Experience




Commisioning of Accelerator Cryogenic @

Timeline

15t Cooldown of the ACCP and CDS: Dec-2022 (8K)
- identification of some issues (high HL, TAO, valves tightness)

2"d Cooldown of the ACCP and CDS: Jun-2023 (2K)
+ 2 cryomodules (Spokes SPK-110 and Elliptical MBL-020).

15t Cooldown of the LINAC: Nov-2024 (2K) BOD1
+ 27 cryomodules (up to HBL-050).

2"d Cooldown of the LINAC: Feb-2025 (2K) BOD1
(unplanned)
+ 27 cryomodules (up to HBL-050).

Temperature [K]

3nd Cooldown of the LINAC: Nov-2025 (2K) BOD2
+ 33 cryomodules (up to HBL-110).

Time

16



Pressure [mbar]

Cryo 2K uptime BOD T

21 trips
2K for 65%

€SS

o etere? g ree Pressure Analysis for MBL-030 PT-004
0l ¢° covty " (2024-11-26 12:00 to 2025-07-01 08:00)
—— MBL-030 PT-004 — Statistics —
,,,,, Threshold (32.0) Warm up due to water in T3 string Vacuum PLC network issue - RDs burst Utilities: 0.4 days (0.2%)
Uptime Maintenance: 1.3 days (0.6%)
1500 | Filter Clogging: 2.1 days (1.0%)
Cool down Unclassified Downtime: 9.9 days (4.5%)
Maintenance T . . Cool down: 14.0 days (6.4%)
PLC update (Global zeroin Maintenance: BCP SAT/PLC updates/CC ) i
Christmas break B { 9) inlet filter blockagep Christmas break: 19.0 days (8.8%)
Utilities Operations/Controls: 23.6 days (10.9%)
Hardware: 27.8 days (12.8%)
Hardware . SP VED fault Uptime: 118.6 days (54.7%)
Fiter Clogging Trip ‘Side-wide power cut. _ [ -
1250 Operations/Controls /, Uptime (excl. planned events): 65.0%
Leaking safety valve (SV) after CC Trip
Christmas break on MBL-030
1000 4 Turbine (T3) failure "1
Turbine (T3) exchanged
L (ETeiEns it itrockage
Bearing fault in CC3
1 J — —{ Trip on recovery
J SP trip due to PLC update Trip (SPK-030 PLC update)
500 4 SP Trip Pump Down attempts/'l'rip:s N Trip "
1 | 4
H l' L
2504
32 T
04
2024-Dec 2025-Jan 2025-Feb 2025-Mar 2025-Apr 2025-May 2025-Jun 2025-Jul
Date
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Pressure [mbar]

Cryo 2K uptime BOD /

e . carted Pressure Analysis for Spk-130 PT-003
o0t 8T iy W (2025-11-10 13:00 to 2026-06-01 13:00)
T

4 trips €ss
2K for 79% =

16001 —— Spk-130 PT-003 --- Statistics ---
fffff Threshold (32.0) Unclassified Downtime: 0.7 days (0.4%)
Uptime Operations/Controls: 8.0 days (4.0%)
Cool down: 8.2 days (4.0%)
Cool down Maintenance: 10.1 days (5.0%)
Maintenance Utilities: 12.5 days (6.2%)
Christmas break Hardware: 13.0 days (6.4%)
1400 Utiliti Christmas break: 20.3 days (10.0%)
1 'd'es Uptime: 130.0 days (64.1%)
Hardware Christmas break SP Tri
- p (PLC update) q . o
Operations/Controls LP Trip (Slide Valve RB) Uptime (excl. planned events): 79.1%
|Cool Down
1200 >
Maintenance Bearing fault in CC3
1000 H

800

600

7] 4 —

200

32
0

2025-Nov 2025-Dec 2026-Jan 2026-Feb 2026-Mar 2026-Apr 2026-May 2026-Jun
Date
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Cold Compressor bearing failure @

CC3 damaged after 3000 hours

19



No Cryo —No Cry 7 s
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Cavity Parameters

Requirement Spoke medium-£ high-g8
Frequency / MHz 352.21 70442 70442
Optimum S 0.5

Geometric 3 0.67 0.86
Eye IMVm™ 9.0 16.7 19.9
Epy /MVm™ 39 45 45
Bpy/ Eace / mT/(MV/m) 6.80 4.79 43
Epy | Ence 4.28 2.36 2.2
Iris diameter / mm 56 94 120
RF peak power / kW 335 1100 1100
G/Q 130 196.63 241
maximum R/Q / Q 425 394 477
Qext 1 10° 1.75-2.85 75 7.6
min Qy(Eacc) / 10° 1.5 5 5




Totals

Measured Heat Loads
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Heat load distribution

Avg/CM
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LINAC Phase Scans Results
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Piezo operations (manual)
Piezo OFF

Cavity Field - AlIO
K[ &]A)]e]a]a] @)

PwrAmp Fwd - AI3
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Cavity detuning at high field (LFD) requires > 50% extra power at pulse end!
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Spent in the Bunker

Ime

Total T
Cold Cathode
Gauge repair

.
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Differences and time usage

BOD1

Beam: 6mA, 5us

RF pulse: Tms, 1Hz

No piezo

BOD 1 commissioning 2025

TUNING

-

BOD2

Beam: >6mA, >5us
RF pulse: 3.2ms 14Hz
With Piezo

BOD2 commissioning (from 27-January-2026 to 22-May-2026)

MAINTENANCE or NO BEAM

TUNING DUMP

NO BEAM BUMP
28% 20%

SPKIBS or
MEBT FC
5%

LEBT Faraday Cup (FC)
47%

Beam
in
227_5 g Wi SPKIES
w DTL FCs
10.0%
MEBT FC

LEBT FC

Courtesy: S.Johannesson/E.Donegani

28



