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XFEL | TALK OVERVIEW

Introduction
= Brief reminder about the XFEL LLRF system
= Commissioning goals

THOAA3 =

Commissioning

= Planning

= Steps description + automation
» Results: some statistics

Assessment
= \What went well, what didn’t
= \What's done, what’s left
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May 4th 2017 : first lasing ! ©
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INJECTOR  LINAC1
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XFEL]INTRODUCTION: the XFEL LLRF system
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XFEL]INTRODUCTION: the XFEL LLRF system
INJECTOR LINAC1 LlNAC2 LlNACS ‘vKlystron IICryomodule DRF station‘
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XFEL]INTRODUCTION: goals

INJECTOR Ll NAC1 LlNACZ Ll NAC3 PvKIystron |:| Cryomodule D RF station |

A1AH1DL'BC1YYYBCZYYY Y Y Y'Y YYD
T nuun T T T e T e -
gun 3.9GHZ A2 A3 A4 A5 A6 A7 A8 A20| A21 A22 A23

A24 A25 A26 undul.
5 MeV 130 MeV 2.4 GeV 17.5 GeV

INJ (GUN, A1, AH1)

= Already commissioned and in operation (cold) throughout 2016
= Recommissioning necessary due to warm up/cool down + installation of new components

L1 (A2)
= First time commissioning of a complete RF station (4 cryomodules)

= “Commissioning” of the commissioning plan
= First time 32 cavity vector sum feedback control

L2 (A3, A4, A5)

= 3times L1

=  “Validation” of the commissioning plan
L3 (A6 —A20)

= 15times L1

= Hardware slightly different
= Change strategy : horizontal commissioning (step 1 for all stations, then step 2, etc..)
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Commissioning

= Planning and milestones

= Steps description + automation
» Results: some statistics
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XFEL | COMMISSIONING: planning

Commissioning team

= 8 LLRF experts
= 6 trained colleagues from DESY
= 6 colleagues from external facilities

- Commissioning team of 20 people

Commissioning shifts

= Two 8-hours shifts / day N m—— s .
= Following DESY’s operator shift program ity el
Procedure T
= Parallel work (station-wise) -
= Follow detailed commissioning checklist s —— I
= Gather issues. e — :
= |nvestigate/fix on maintenance day ot - .
(once a week) g - B
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XFEL | COMMISSIONING: LLRF milestones (1/2)

Initial checks
» LLRF system ready for commissioning ?

Cold | litioni

RF signal checks: Forward and Reflected
= Cabling issues? Signal saturation?

Frequency tuning
= From parking position to resonance

RF signal checks: Probe
= Cabling issues? Signal saturation?

Coupler tuning
= Target Q = 4.6e6

Power-based gradient calibration
= Coarse

Closed-loop operation
» Feedback, learning feedforward, ... | S

THOAA3
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XFEL | COMMISSIONING: LLRF milestones (2/2)

Establish beam transport
= 30 bunches, 0.5nC

Cavity phasing

= Using waveguide phase shifters T R gy
Beam-based gradient calibration |
= Fine relative calibration ia)

= Absolute validation using energy server

Normalized cavity gradients

Example: beam induced transient
during cavity phasing

Estimated SChedUIe 7500 8000 8500 9000 9500 10000 10500 11000 11.;,;01.4\}._

Sample points

= Injector (gun, A1, AH1) w 2 weeks ¢

= L1 (1 RF station) d 2 weeks t/

= L2 (3 RF stations) *\ 2 weeks ¢

= L3 (15 RF stations) )\\\\ 2 months ¢/
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XFEL ] COMMISSIONING: tool automation

/svn/XFEL/LLRF/Utils/FarTune/cav_fft.xml XFEL.RF/LLRF.FARTUNE/C1.M1.A2.L1/

C avi ty tunin g [] C1.M1.A2.L1 prn

1. Perform initial check (1 motor turn ~ 15 kHz) D R RN mEEEES )
“ . . 400 * parking
Check that the detuning changes in the correct | L made | | | Position
direction, in the proper amount and for the correct | VT TTITTTTIEECTE
g, T
cavity ~ ||
NN
L 200|- 400KHz >L

80000 1.1
C1.M1.A2.L1/FREQ_SPEC

2. if successful, tune to resonance (coarse)

“Based on step-to-resonance measured at AMTF” S
4 Far Tuning RF station STATION.A16.L3 e |
| |
‘ = e i s s o e

3. If SUCCGSSfUl, tune to resonance (f|ne) pag O [, O R O [ OO [ WO o 8 o O [ O

. igs B | | | | | | | | e | | s *_ ISy | | | | | N
Example: A3.L3 1 RF station (32 cavities) S - K N
tuned from parking position to resonance in 1h.
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Cavity tuning
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Cavity tuning

COMMISSIONING: tool automation

THOAA3

Al tuner.py
HF stztion: |Al3L3 ~ Det treshold: = 30 Max step: | 100 Tune Stop Exit
Module 1 Module 2 Module 3 Module 4
Toggle All to 0 Det.[Hz] Toggle All to D Det.[Hz] Toggle Allto 0 Det.[Hz] Toggle All to € Cet.[Hz]
W] €1 D -2308 WM Cl 0 -73.6 | C1 /] -93.3 W Cl 0 ~161.2
|j C2 il -270.5 | 2 0 -143.8 |[m| C2 L] -149.6 |Wm|C2 ] -203.1
] C3 0 -2303 (W C3 ] -119.3 (W[ C3 (v -155.2 W] C3 0 -167.8
(] 4 0 -132.9 (Wi C4 ] -78.3 m| C4 a -155.4 W/ C4 ] -132.7
|| C5 i} -196 0 W CS ] -2468 |m|C5 0 -244 8 W C5 ] -157 &
{m] C6 0 -1133 [l C6 ] -195.7 || C6 g 2187 |W|C6 0 -224.0
|| €7 0 -124.4 m C7 0 17¢.6 [(m|C7 Q 1248 [mjC? 0 1343
(m) & 0 -130.7  [ml CcE ] -2302 (m|CR i -226.0 (m|CB ] -1138
detuning
50 T T T T
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. _ ; - cC2M1 — ¢
s — N — — P e e T
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XFEL | COMMISSIONING: tool automation

RF signal checks (1/2)

“what’s wrong with this picture?”

/svn/global/LLRF/Includes/LLRF_cavity.xml XFEL.RF/LLRF.CONTROLLER/C6.M1.A11.L3 /LOGFILE.TAIL /svn/global/LLRF/Includes/LLRF_cavity.xml XFEL.RF/LLRF.CONTROLLER/C7.M4.A16.L3 /LOGFILE.TAIL

C6MLALLL3 |w Print C7.M4.AL6L3 |v Print
XFEL XFEL

[Mg"m] Peak 0.00 0.00 0.00 ['14:"’"] Peak
5__
]
4.4
3
Lo ——— 1
e
2.4
15
0 e
i —— A5 o) —_———
0. 260 460 560 860 1200 1600 2[00]0 0. 260 460 560 360 1200 1600 2[00]0
us us]
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XFEL | COMMISSIONING: tool automation

[M:'fm] Peak 0.00 0.00 0.00 [dglga] PPPPP

RF signal checks (2/2)

= 3-4 mins per RF station

= Verify phase shifter functionality | = .

= |dentify cabling errors: R O O O T T R A O N
C1 <> C2 SSSSS operation  Results -
Reminder:

= LLRF has 2500+ RF signals
(Probe, forward, reflected)

= X2 counting int/ext cabling
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XFEL] COMMISSIONING: some statistics

Cabling issues

= 15 cabling issues (outer rack) identified before cool down

= 11 cabling issues (outer rack) identified after cool down <1%
= 0 cabling issues (inner rack) identified so far

Multipacting

= Observed on nearly all stations

= Start appearing around 550-600 MV (i.e. ~17-18 MV/m)

= Up to 50% of cavities / cryomodule required conditioning (worse case)
= Conditionable on all stations

= Required couple of hours per station (@10 Hz)

3 GeV additional energy after conditioning
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XFEL ] COMMISSIONING: multipacting commissioning
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XFEL] COMMISSIONING: some statistics

4 out of 616 couplers shorted after test in XTL

= A4.M4.C4 coupler problem: T70K [shorted]
= A12.M4.C1 coupler problem: T70K [shorted]
= A16.M2.C1 coupler problem: T70K [shorted]
= A20.M4.C1 coupler problem: T70K [shorted]

5 out of 616 cavities not used due to AMTF results

= A5.M1.C5 temporary, shorted pick up

= A6.M3.C1 high FE/X-ray (10 MV/m limit)

= A7.M2.C7 high FE/X-ray (11 MV/m limit)

= A10.M1.C3 low Eacc BD (no FE) (13 MV/m limit)

= A18.M4.C4 high FE/X-ray (23 MV/m limit + wrong Prorpy)

10 out of 19 RF stations actually have all cavities tuned
= j.e only 50% of the RF stations have a 32-cavity vector sum
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XFEL LLRF commissioning

COMMISSIONING: some statistics

RF regulation (in-loop)

0.05
S
[]
e
2 0
a
£
<C

Last 10 RF pulses
——Mean all RF pulses

Phase [deg]
o

o

o

N
T

1150

9t >I(\O’\Q 1050 1100
6\)\\% e [usec]

800 850

900 950 1000 1050 1100 1150

RF pulse time [usec]

THOAA3

83822238 2
R L L N
g
g

Intra-pulse a(dA/A) = 0.0057 %
Pulse-to-pulse o (dA/A) = 0.0056 %

g,
140.0-
100.0-

60.0-

20.0 S ———— |
-20.0 I
“00.0-

-1 dﬂ.ﬂ%
-180.0 T T T T T T T T
00 200 600 1000 1400 18

Intra-pulse O'(dp) = 0.0051 deg
Pulse-to-pulse o (dP) = 0.0024 deg.

BB Specifications: o(dA/A) = 0.01 % v
o(dP) = 0.01 deg.

European

XFEL

Courtesy S. Pfeiffer
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XFEL] TALK OVERVIEW

Assessment
= \What went well, what didn’t
= \What's done, what’s left
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XFELIASSESSMENT: what went well

Install / test as much as possible,

as early as possible
= Individual component tests
= Crate installation

= Rack installation —=

European

LLRF Tools

ADC dynamic range opt.

Automation
= Simple scripts
» Broken down into single, modular tasks

LLRF Tools
. Probe and Reflect

Availability of cryomodule test data
» Results from individual cryomodule tests

» Cavity gradient limits, phase shifter limits, ...

» What to pay attention to (tune / don’t tune)

AB.1 (XM7) AB.2 (XM8) ‘3.3 (XM11) Ab.4 (AM3)
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XFELJ ASSESSMENT: what went well

LLRF commissioning checklist

Checklists + documentation
= Prepare the checklist
= Test the checklist

= |terate the checklist
= Stick to it

Machine operation

= Handed over RF station to operators after couple of days
= Regular operator trainings

= On-call LLRF experts

» Finite State Machine: ramp up / down stations + recovery

Strong Team

= Large machine - large commissioning team
= Beware of the installation burn out (2 years...)
= External support (fresh eyes + enthusiasm)
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XFEL] ASSESSMENT: what didn’t go so well

Initial checks of tuners drivers

= More than 40% initial checks failed
= Several iterations required - time consuming

Triggered one cryo incident
=  Multipacting: “working here but quenching there”

Too long recovery time (“phase jumps”)

= Intricate combination of timing + reset + clocks resulting in 240 deg. phase jumps (single
boards) after a crate reboot

Piezo driver

= Piezo driver production was delayed > 2 years
= To be installed and commissioned during maintenance this year
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XFEL] CONCLUSIONS / OUTLOOK

The baseline commissioning phase went relatively well

= Strong commissioning team
=  Automation

Still a few milestones on our “to do” list

= Max energy ? Ol s T O B
= Performance assessment, 0o

stability, drifts (i.e. “advanced” commissioning) °> = _— |
= Improved diagnostics 308

H : :

(aging, radiation, system health) 20071 . : | Ry

A2 A5 A10 A15 A20

Further higher-level development

= |nter-RF station communication + automation
= Multi-beamline operation
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XFEL] THANK YOU FOR YOUR ATTENTION !

Photo Dirk Noelle N
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