Status Report on Tools

Development

Work done by O. Hensler, R. Kammering, T. Limberg, S. Meykopff, C.
Schmidt, M. Tischer, M. Vogt and many more
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> Status — “old tools”:

= Orbit Feedback
= Slow Longitudinal Feedback

> Advertisement — “new tools”;

= Sum Voltage Server
= FLASHZ2 Undulator Operation Server

= Energy Gain Server

m Qutlook — “big tool”:
m The VXFEL
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Orbit Feedback

> No details about internals [see c.g.: PcaPAC2010 WEPLO15]
= Global FB
= FB server loads external provided ORM

= ORM from optic toolbox or measured with Matlab script

> Routinely used in EXP section (THZ undulator), partly in sFLASH
section

> Replaced Matlab based FB completely

nnnnnnnnnnn

> Improved FB to corrector communication

> Tested for e.g. injection into septum ==

|F3 of££[0.030) 0.048
s, replaced with 30C3

Successfully measured ORMs for ACC7 section, but |F3 on [0.022 0.035

sssss

-----

i
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Orbit Feedback

> Still much needs to be done:

= Conceptual work (when and where to run the FB)
= GUI (e.g. simplify user interfaces, workflow)
= RM handling (e.g. include fully automated ORM measurement)
= Exception handling ...
> ... and much could be done:

= Restore orbit on loading machine file (store orbit targets instead of steerer currents)

> But what hurts most are bad conditioned ORM at many locations!

Raimund Kammering | Status Report on Tools Development | 18. Nov 2014 | Page 4



Slow Longitudinal Feedback

> Same here: no details about internals [see e.g.: IcALEPCS 2013 THPPC121]
> Robustly running 24/7

> Recalling last status report:
* Needs more simple GUIs > on it's way l

00 slowRF_FB_controls.xml

- FB on /0ff Status: .
FB gain: 0-3005 .
19. March 2012 FLASH seming BC2_BCM —— [ BC2_BAM Enabled ]

nitor Actuator Monitor Actuator
|oDac2,2 (antenna) i - | |Phnse Acct | - | \anuz | - ‘ |GUN phase \ - |
Bunch # average/speed [Hz] Bunch # average/speed [Hz]
[1- buncn [v] [1onz [w] [1-bunch [+] [o1ne [~]
Longitudinal FBs: Chicane svr: LOLA FB: Orbit FB:
BC3_BCM Enabled - BC3_BAM Enabled D
Monitor Actuator Monitor Actuator
|msc3.z (coarse) | - | |Phase ACC23 [ v] ‘msc: | - I |Amp|. ACC23 [ - ]
. Bunch # [Hz) Bunch # average/speed [Hz]
[1- buncn [w] [osme [w] [1-bunch [+] [1omz [+]
ENERGY Enabled . CHARGE Enabled -
Monitor Actuator Monitor Actuator
IENERGY DOGLEG ] - | |Ampl. ACC45 [ vl ['n | - I |1. attenuator ] - |
Bunch # average/speed [Hz] Bunch # average/speed [Hz]
[1- bunch [w]  [oane v | [1.bunch [w] [o2ne -
[ Show I[ Show |

Status: Feedback is on!
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Slow Longitudinal Feedback

> “... saved our life in times of gun window trouble!”

= LLRF FB on GUN amplitude but phase not stable (not constant forw./refl.)

= Used 1UBC2 BAM to regulate on gun phase (10Hz + high gain finally gave
reasonable SASE stability)

16.04.2014 16:42 S. Schreiber, V. Ayvazyan, M. Hoffmann rf gun lIrf feedback

after re-calibration:

- amplitude is much better and OK, phase is still not OK
ampl 0.1% rms
phase vs 0.1 dg rms

-> therefore we decided to keep the feedback on Pfwd only
this gives us a stable amplitude, but an unstable phase

-> the phase we will try to feedback with 1UBC2 BAM as a monitor

164562014 152654
grean VSampi 140 37463 target =4 37 MW

red ay =4 72 MW pkpk = 0017 s = 0,004 MW, 0085 bhas: m3-0 696X
T T T

L L |
152700 152600 152980 153000 153100

e (MMM 5S)
green Tiis 12n*19383% target=503209C
Il BAM.SERVER/UBC2 1.bunch I TTF2.RFILLRF.CONTROLLER/MAIN.GUN/PHASE.SETPOINT redav=50. 39C Blow:
T
65 =275
g — - - o
54 - - -_—- - - - i — -_-
£ 5033 —_— Wl —— - —
e ——————— —
g 73 >
5925 s n L
52700 52600 52980 153000 T30
e (HHMM 55)
green PMY100-380209 target=-2600 35
b %
57

Correction done: -10.650

7.53014 7.53014 1 s :
Status: ok EZ 2.5.,
I ator de 24“_ iw ., ! ! : *': Sim !

L L L L
152700 152800 152980 153000 153100
1 (HAMM $5)
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Slow Longitudinal Feedback

> Generic architecture of the FB allows easily to clone and configured it
for other purposes =" S —

Monitors Actuators
[l BEAM.PROFMLPOS.13SMATCH [ Monior detats |

= LOLA RF phase FB

1

1 2
Slﬂ.ﬂﬂﬂt" 0/-[ MI.OMO!:“ -11.7082,
Ex T X3

a2

Correctiondone: 96.910
Status: ok 3730 3830 3930

2014
~ use as target > | Target:

Status: ok

T AJLOLA ML Server. T2 PROF.ML/BEAM.PROF/
E #

LOLA image

RMS Bunch Length Status

= BEAMPROFISOWS. W_FH CCTED [fs] : Mean=65.90, 50=222.2 RMS 1558  [fs]
FWHM coming soon [fs]
Peak Current 977 [A]

Controls

Processing W

Time calib const: 2"8.42 [fs/pixel]

Take background

16:16 16:31 Status
5102014 5102014

Beam: (]

A] Bunch Profile
g LOLA on: =
1750 Data valid: (]
1500 Phase Feedback

12504 FB status: .
1000 use current beam position
7504 Gain: 21.0 FBonioft |4
500 Show Monitors

=0 More

-sbo abo 200 0. 100 200 3do 4bo s 0 LOLA Section Overview

Status: coming soon Server Expert Panel
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Slow Longitudinal Feedback

> Extension to include more monitors/actuators on the way

AE; Anjy,

Ay

TORIGUN
AL

<—¢L

” !
1o ANy

AEj

Vv v VvV
Tt E &Pk
BAM ~ BAM BCM
UBC2 DEC2 DBC2

Anl,

__¢"0“ R

D> Qeng0

--@,69 e ML 42
Yoy

TF P}
BAM BCM
DBC? DBC3

00 slowRF_FB_controls_9x9.xml TTF2.FEEDBACK/TEST.LONGITUDINAL/FEEDBACK/
[_| FB on/off Status: |
FB gain: O.SOOE .
LASER_AT Enabled D CHARGE Enabled D BC3_BCM Enabled D
Monitor Actuator Monitor Actuator Monitor Actuator
IBAM 1UBC2 | - | |Law Phase [ - | |1': l v | |A1'I'2 coarse | - ] |4|>sc341 (fine) | - | |Phase ACC23 | - ]
Bunch # average/speed [Hz] Bunch # average/speed [Hz] Bunch # average/speed [Hz]
|1.buncl| lvl |10Hz lvl |lveugo lvl |30 Ivl |lv¢rlg¢ Ivl |0.5Hl |v|
GUN_PHASE Enabled D BC2_BCM Enabled D BC3_BAM Enabled D
Monitor Actuator Monitor Actuator Monitor Actuator
[BAM 1uBC2 [w] [ounPhase [w] [soBC21 fine) [+]  [cnim [«] [18acer [«] [ameLAcc2s [+]
Bunch # average/speed [Hz] Bunch # average/speed [Hz] Bunch # average/speed [Hz]
[1. buncn [«] [tomz [w] [ bunch [v] [1om2 [+] [ bunch [«] [1H [+]
GUN_AMPL Enabled D BC2_BAM Enabled D ENERGY Enabled D
Monitor Actuator Monitor Actuator Monitor Actuator
IBAM 1UBC2 | - | |Gun Ampl. [ - | |1uacz l - | |s|.n ACC1+ACC39 | - ] |ENERGY DOGLEG | - | |Amp|. ACCE7 | - ]
Bunch # average/speed [Hz] Bunch # average/speed [Hz] Bunch # average/speed [Hz]
[1. bunch [w] [10mz [+] [1-bunch [v]  [rone [+] [1-bunch [«] [oame [+]
77777 Il Show monitors/actuators I Show monitors/actuators |
95
o =
. T
[ .

p|=

courtesy of M. Vogt
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Sum Voltage Server

> Inspired by RF Tweak

= Regulate “physical quantities” instead of phases and amplitudes (Limberg et al)

= Implemented in Sum Voltage Server by O. Hensler

> Not used for long time, until some day ...
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Sum Voltage Server

01.07.2014 07:00 Kot, Kammering Summary: Tools development

This has been an very enlightening shift for us!

Starting with the idea of "just briefly playing around" a bit with the SUM VOLTAGE
I . O an l I Ie server (we need a better name for this!), we ended up spending the rest of the shift

with this. What we did is:

1. Set BC2 BAM FB to regulate on sum voltage for ACC1+ACC39
2. Set BC2 BCM FB to regulate on chirp

01.07.2014 05:03 Kot, K ing "Smooth" si

1.2ka, 120uJ, 140fs FWHM, 135fs RMS

Compression: -0.125V

Energy: -8.155ps

Curvature: 44.9

Third derivative: 25800

G010 he man LOLA medsurerment GUL chck Save images buson (Camae [ SATCH vt
1800 bunche 2 of 2

With these FBs active all the time we did several tests:

1. Tests on stability of the machine using these actuators
e modified set point, watched all other key values and SASE
e applied disturbance by modifying laser arrival time +/- lps

2. Using the physical parameters: curvature, and third derivative to modify longitudinal bunch shape
e tried to get a feeling for the these parameters

Eo; | ' e additionally used compression and arrival time to shape the bunch
g o “':_::':::;Pm e intentionally tried to change between spike mode and more smooth compression
gos = What we learned:
B We could maintain very high SASE level, even for degrees of phase changes at ACCl (+/- 1 deg) and
bt ACC39 (+/- 2 deg) (see plots)! We could use the physical parameters to intentionally
1300 o~ shape the bunch as one would expect these to be working!
s E: What we could and should conclude of this:
gL g,w n with the existing tools (all DOOCS servers!) directly switch over from using the old fashion
g L gm ifying phase, amplitude settings to
0, g.w chirp and sum voltage
20 ® 2. after this he physical parameters: curvature, third derivative (plus compression, arrival
o 5 - S oo 500 time) to shape the h as needed!
longrtucsnal coordnato (1) o o

below where done without control on ACC23 and therefor forced
leters - in this sense it has even been beneficial

Appendix: All of the studies
us to purely act on BC2 relevant
that ACC23 could not be controlled ;)

101.07.2014 04:48 Kot, Kammering Spike mode
1.8kA, 60uJ, 70fs FWHM, 120fs RMS

Compression: =-0.145V

Energy: -7.755ps

Curvature: 44.9

Third derivative: 27200

< SASE

wan this ive GUI!

.E,T cﬁza,rtmag’f&Tm..f;J::%Egu, ek Save images' buson é A C C 1 phase

ir =k '

»

e s < ACC1 ampl.
Rongnadgy cpanae () o ma e g - l

i - i < ACC39 phase

) B
0 o W Msm oso0 ofhsco 45000

< ACC39 ampl.
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Sum Voltage Server

> Server has been extended to BC3 (simple phase <-> voltage
correction)

> Extended slow longitudinal FB will support use of chirp

> Server providing “normalized BCM signals” has been started

-» Set and regulated peak current and energy
in both bunch compressors

(instead of empirically puzzling around with 6 RF parameters)
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FLASH2 Undulator Operation Server

> Motivation / Idea:

= Don'’t set gaps, but instead the wavelength

= Automatically adjust phase-shifters accordingly

= Simultaneous operation of all/several undulators

Formulas provided by M. Tischer, server by O. Hensler

Wavelength
(] Debugging

~

i1

<>

-8

<O

Energy 396.61230
Undulator Motors

(Reear | sroe |
Location
FL2SASE3
FL2SASE4
FL2SASES
FL2SASES
FL2SASE7
FL2SASES
FL2SASE9
FL2SASE10
FL2SASE11
FL2SASE12
FL2SASE13

FL2SASE14

FLASH2_UnndulatorControlsMain.xm| TTF2.FEEDBACK/FL2.WAVELENGTHCONTROL/FL2SASE3/

©8 20.08.2014 20:37 FLASH2 ttflinac Cameraxml
Lasing FLASH2

Congratulations! Truly a big and important achievement!

Topped by the fact seeing FLASH1 lasing with 250 bunches and 50 uJ at the same time!

siggi.

This elogbook entry was sent to following experts:
fope oY de wi

.de edgar. . fried .de Josef.fi .de

Images.

T | py

Frame: 14153673

Controls

Wavelength:

Status:

$38.6¢

Ready

Activate 2-4
Deactivate 2-4

Activate 6-8
Deactivate 6-8

sToP
e Activate 9-11
OFFSET
T—— Deactivate 9-11 I
Lu: 3140 P2cO: 001049 | i
uso: 14926400 KErrord:  9.8526700E:3  Status 27 EXTERNAL ENABLL.. (| I ] e e
ust: 130.985000 KErrorl:  -3.3128300E4 Modbus
us2: 7.334740 K Error2: 1.4254100E-3 Activate 12-14
uss: 14766700 KError3:  -22664700E-4 4‘
DS0: 20107500 CC10:  0.0000000E0 Deactivate 12-14
DS1: 125023000  CC11:  62500000E-2
Ds2: 7.848080 cc12: ~4.3440000E4
DSs3: 14842900

9h 12h 15h
17.11.2014 17.11.2014 17.11.2014

Print

Legend
_ Active & open i Inactive & open ...
_ Active & closed 55558 Inactive & closed
Moving —
FlzsAsEs  _ Detals || (Fizsases _ Detals || |Fizsases __ Detals |
Undulator || Active | Undulator || Active |00 Undulator || Active |

Phase Shifter DA:IWE Ag: 0.000

Phase Shifter | | Active Ag: 0.000

Phase Shifter DA:IWE Ag: 0.000

FL2SASET Details
| a " n .
Undulator || Active 7S

Phase Shifter | | Active Ag: 0.000

FL2SASES Details
R
Undulator [ | Active "

Phase Shifter | | Active Ag: 0.000

Details
[ | Active

FL2SASE8

Undulator

Phase Shifter | | Active Ag: 0.000

FL2SASE9 Details
RN
Undulator [ Active 7

Phase Shifter | | Active Ag: 0.000

FL2SASE10 Details
RN
Undulator [ | Active |77

Phase Shifter | | Active Ag: 0.000

FL2SASE11 Details
RN
Undulator [ Active 7

Phase Shifter | | Active Ag: 0.000

FL2SASE12

Details
[ Active u

Undulator

Phase Shifter DACINO Ag: 0.000

FL2SASE13 Details
K
Undulator | Active

Phase Shifter DAC'W. Ag: -0.000

FL2SASE14 Details
i
Undulator || Active "]
Phase Shifter -

Raimund Kammering | Status Report on Tools Development | 18. Nov 2014 | Page 12



Energy Gain Server

Calculate off-crest corrected energy gain
Show energy profile over the whole linac

Comparison of beam based measurements and LLRF energy

00 FlashEnergyOverview.xml

FLASH Energy Overview

Mev] Energy gain per module itev] Total energy gain

T T T T T T T T T o T T T T T T T T T
GUN M1.ACC1 M1.ACC23 M1.ACC45 M1.ACC67 GUN M1.ACC1 M1.ACC23 M1.ACC45 M1.ACC67

161.4 100.0 ™ 121.5
—
w— o [
—
161.6 102.7 o 118.8
| 5.3 [N 166.7 167.2 Jf 267.2

EN I\ (5690 f o900 f 4112 [ a11.2 [ 112

Energy gain (RBV Vector Sum) m m
Energy gain (SET Vector Sum) m
Dogleg Energy Server IEEI
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> Started from a simple test scenario — the may test

= Check performance of DAQ chain for full number of BPMs @ XFEL

— | = Status of High Level Controls

European

XFEL | A full featured test

* 1. calculate orbit for given optic

4. Display orbit
+

modify by bump program ’t‘

. new currents to
opt|c server 5. write new currents

i

2. write orbit to BPM server

3. send orbit data
to DAQ/orbit server

=n

3nd Meeting European XFEL Accelerator Consortium, April 2013 - Raimund Kammering, DESY — MCS / WP 28 —
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= We ended up having a fully fea

XFEL Toroidi Dislaym!_ XFEL SM/TOROIDMLI

0] Torold data rom Torola ML

XFEL Toroid Display

- : e oS
Dot fo Toroid TORAZS!1 [ess— free—
o S A )

Transmision 4] 090

o0 )

MaiaTiming xnl_ XFEL SIM.DIAG/TIVER, CENTRALITIME 1/SASE

itain Operating | Special Bunches

eonve B

—
e S
epernn e IR

wax. Charge: INEHES
voser: ENNNNNED

Expert ? BuncnPatien Tabe

[——

 ich e |
SASE 3

enatie: J

closeshurer:

. caree, EETERME
oer. Y

[] Otaf
[] Pedro
[C] Raimund
[ sascha
(] Torsten
[ Tim

] Viadimir
(] Winni
CAn

Timing Sel

Orbit from Orbit ML Server

Horzontal Vertical
saser saser
e o0y
fre=s no2s
[ (2|
froes fre|
01 01
fre o0os-|

sasez sasez
]
e |
wr wr |
e fres
o o
aans. s
at a0t
a0ts a5
s s
e a5

| DanasTable |

sases

‘ B
x b “
XFEL _VirtualXfelMain.xm

tured test environment

XFEL OrbitDisplaymi_ XFEL SIWORBIT

XFEL EnorgyOuerviw uml_ XFEL_SIM/LLAFENERGYGAIN MU/

XFEL Energy Overview

Eneray gain per module

1

GUR WAL MEATLS WARTOLS WAATLLS WAATILS MARKALY WAABALY

o
GURTY MAMLE MIAZLS WZATILS MAATILY MEATILY MEAZLLI MEALILD

Gllek on section a to display s onergy profil

VA A

—_—,S

1253 Mev 9152 MV, 30623 MoV

Raimund

Toroid display

r A

bAQ

Viadimir, Tim

Toroid Server
olar

Virtual XFEL

Raimund

Energy Display

A

<-Writes to

< Writes to

BPM Server

—

olaf

Bump Tool -

TR 1) S S—)
MainTaskbar
Watchdog

A

v

Padro

Legend

Server, Process, Display, ...

Action/Script
Heinz  Responsible person
s Active connection

== In-active / not implemented

Manual link
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> Allowed not only to do tests we had in mind, but

= Test complex bunch pattern handling for n-beamlines (here 3 so far)

Design, test and debug high-level displays

Test interfaces between high level software components

And last but not least: Test physics using optics server, bump tool, ...

No simulation of longitudinal phase space so far

> Do basic tests of tools on virtual machine, saving (much) machine time
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> Not much time for tools development has been available

> Orbit feedback partly well accepted and running fine ...
= ... but still far from where one would like to be (set orbit and forget)

> Slow longitudinal FB runs very stable and is well accepted by all operators
= Extension and switch over to physical quantities is ongoing (need real machine time)

> Introduction of many small tools eases operation
= [|teration of introducing a tool < - verify usability is essential

> Virtual XFEL is a vital tool for developing and testing higher level software
and GUI concepts

= Here FLASH also gains a lot from (V)XFEL
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Thank you for your attention!
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/svn/FLASH/Feedbacks/orbit_FB/IRUnd_OrbitCorrection.xml TTF2.FEEDBACK/ORBIT//

Infrared undulator orbit correction

BPMs ) ) Response matrix Control
Horizontal Vertical

Target Active Target Active D FB on/off
BPM 3EXP | 0.00F 0-00I mm
= o@

0.00— v v
BPM 9EXP |—; L Wi brbitfeedback/20140212T001911-invRM|

Precision 0.0?IE: mm Precision 0.01—mm Last loaded at: I FB Expert eindow I
Gain 0.080- Gain o'osoj 17:22.32 24.03.2014 l [ ] [ ] I ] I [ [ I ] I

Monitors

I Activate section l

= 3EXPX
9EXP X
= 3EXPY
9EXPY

Actuators

= HI1EXP
H3EXP
= VIEXP
V3EXP

Status: Feedback is switched off
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120

100

80.

60.—

40.

20.

]

140

DAQ/PHFLUX/OUT

Energy/pulse TUNNEL (ion current) for users

T
4:07
1.7.2014

T
412
1.7.2014
Plot_hist.xml

T
417
1.7.2014

T
4:22
1.7.2014

T
4:27
1.7.2014

T
4:32
1.7.2014

T
4:37
1.7.2014

FLASH.RF/LLRF.CONTROLLER/CTRL.ACC1/SP.PHASE

T
4:42
1.7.2014

T
4:57
1.7.2014

342 3:47
1.7.2014 1.7.2014

4:07
1.7.2014

4:12
1.7.2014

417
1.7.2014

4:22
1.7.2014

4:27
1.7.2014

4:32
1.7.2014

4:37
1.7.2014

4:42
1.7.2014

AMPL [MV]

3:37 3:42 3:47
1.7.2014 1.7.2014 1.7.2014

== CTRLACC39/SP.PHASE [deg]

4:07
1.7.2014

T
GHiL7)
1.7.2014

xm

T

4:27
1.7.2014
NTROLLER/CTRL.

ACC3

CHER
1.7.2014

T
4:37
1.7.2014

T

R
1.7.2014

T
4:57
1.7.2014

T

T

37 3:42 47
2014 1.7.2014 1.7.2014

= CTRLACC39/SP.AMPL [MV]

4:07
1.7.2014

Plot_hist.xml
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1.7.2014

417
1.7.2014

4:22
1.7.2014

T

4:27
1.7.2014
FLASH.RF/LLRF.CONTROLLER/CTRL.AC

4:37
1.7.2014

T
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1.7.2014
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