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DESY short BBS-2019 Travemiunde 21.-22.02.2019
FLASH Status

Mathias Vogt (MFL) for the FLASH—-team:
A.B., B.F.,, Ch.G, JH.,, KH, KK, JR-S.,SS,, JZ, ...

e FLASH 2018,/2019 e The RF-gun...

e Highlights from User Run e Controls & Operations

& Studies e Outlook (short term)
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Who are “the FLASH Team” ?

(In alphabetical order)

Arne Brinkmann (MSL) : technical coordinator, SRF, shift-leader

Bart Faatz (FS-FLASH) : new projects, FEL-physics

Christian Griin (MIN): technical coordinator, timing/MPS, FPGAs, operations

Jirgen Haar (MBB) : technical coordinator, electricity/cooling/AC, safety, shift-leader
Katja Honkavaara (MPY) : coordination, organization, scheduling

Karsten Klose (MIN) : technical coordinator, injector lasers, operations

Juliane Ronsch-Schulenburg (MFL) : coordination, deputy-SSB, beam dynamics,
operations

Siegfried Schreiber (MFL) : Machine-coordinator, SSB, safety officer
Mathias Vogt (MFL) : coordination, beam dynamics, operations

Johann Zemella (MPY1) : beam dynamics, operations
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FLASH : 2018/2019

BACCA cavity (3 GHz/warm)

RF-station RF-stations
S—chicane

i imati beam dump
RF-stations separation/collimation

sFLASH
(seeding)

FLASH1

‘\H 1.3GHz SCRF 1.3GHz SCRF
3.9GHz SCRF
1.3GHz SCRF ‘ / beam dump
RF gun (1.3GHz/warm) FLASH-INJECTOR } MAIN-LINAC THz undulator \
! “‘Albert Einstein”’

injector laser (1&2&3) 350 MeV to 1250 MeV

5.6 MeV 146 MeV 450 MeV FEL user halls

‘‘Kai Siegbahn’’
pre—ionization laser (25 TW)
FLASHForward Exp.
i .. FLASH3
e BAMs in FLASH injector upgraded PETRA-III

— 1UBC2,3DBC2,4DBC3 modern

ick & . electro-opti :
PICKUPS & upgr. €lectro-optlics e MasterOscillator upgraded

e Two trenches dug in FLASH2
— PolariX-TDS (for FL2& )

e CRISP/FLASH?2 being commissioned

— ready for low charge operation

e Optical Synchronization upgraded
— 3xBAMs, FL1/FL2-PP-laser, sFL-seed-laser,

FL2-BL21 (THz streaking)



DESY short BBS 2019 / Travemiinde 21.02.2019 / M.Vogt (MFL) / FLASH Status 'n’ Stuff

FLASHForward >> 2018/2019

e FLASHForward>>
laser hut around plasma
cell (work in progress)

— tunnel search procedure in
this area: 3 search buttons
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FLASH2 & FLASHForward>> 2018/2019

e For PolariX-TDS project (FL2 & FLFwd):
(see “Outlook™)

e Two trenches have been dug between
FL2 & FLFwd
— for RF-waveguides, cables, and
cooling water

e approx. 15 cm deep 50 cm wide

e temporarily covered w/ steel plates !
HEAVY !
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e old cathode in since Jan/2015
— high and stable quantum
efficiency (see pic 1)

— very low dark current
+ changing the cathode:

— always danger of damaging
the back plane (RF-gun)

Date

e New cathode in Winter shutdown
e Extremely high QE

e slightly (= 2x) more dark current
in the beginning

Accumulated Charge (C)
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SASE around 5nm

29.-31.01.2019: Set up of 1100 MeV ref-
erence file i, o s st P —

250 = photoniox unnel o1 Weare1ss, 507

FLASH 2 SAsé viewer pupaa o= .
FLASH. FLASH /! 1124.44 MeV o lpetues 154180 @  6.00nm

en—

gun flat to : yet only ~300 us ST N A [Woe N

140

FL1: 120 pJ at 5.1 nm w/ 130 bunches

120

i} 10
. a n m W u n C es 36 17:46 17:56 18:06 18:16 18:31 18:27.36  18:27.46  18:27.56  18:28.06  18:28.16 18:28.31
. . 30.1.2019  30.1.2019  30.1.2019 30.1.2019 30.1.2019 30.1.2019

30.1.2019  30.1.2019  30.1.2019  30.1.2019  30.1.2019 30.1.2019
oo Pulse energy intra train
300

FL2: ~30 pJ at 5.0 nm w/ 130 bunches 3

200

\\\\\\\\\\\\\\\\\\\s“w\
\

\\'\

325 350
[bunch idx]

P-4 PSH i S LASUOOCS 45 Vel TRLFAL

" GMD ok? @ ece
FLASH.  FLASH 1-SASE viewer  1118.4 MeV GMD-BDA 1000mm / 10.00 mm 123,02 +- NaN % 5.0 nm FLasy, FLASH2-SASE viewer

(1] Long Term SASE Energy [d] Short Term SASE Energy
140 . 140

0 e ——
3.1 1h 3h 5h 8h :30 6:45 7h 7:15 7:30
2019 31.1.2019 31.1.2019 31.1.2019 31.1.2019 i 31.1.2019 31.1.2019 31.1.2019 31.1.2019

[ud]

160

oo 1124.23 MeV e 6670 @  500mm
GMD e-signals. photon-diag Esserver nt. 34.67 mW

(2] Long Term SASE Intensity
250

159.93 mW

SE singie pseenery ] e

1h 3h 5h 8h 31 6:46 7.01 7:16 7:36
31.1.2019 31.1.2019 31.1.2019 3112019 31.1.2019 31.1.2019 31.1.2019 31.1.2019 31.1.2019

Pulse energy intra train
Pulse energy intra train = 9y

0
0
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[bunch no] [bunch idx]
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750 MeV Reference file 2019-01-15 usable flat top (90450+40)us

T e A K8 ST FUASL OGS I Yol T2

FLASH.  FLASH 1-SASE viewer  757.8 MeV GMD-Tunnel

10.00 mm / 10.00 mm
189.17 mw

212.554d +I- NaN % 10.78 nm

@D esignals photon-dag Esoner Pt

[J] Short Term SASE Energy
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[11J] Long Term SASE Energy
25

= SASE singlepulse enoray ] Moan=205.0, 803558
225 Py
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[u)] _Pulse energy intra train
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[bunch no]

FL1: 90 bunches 205 ©J at 10.8 nm

GMD ok? @ oo B
750.95 MeV Apertures 336.22p) @ 22.00 nm

10mm [ 10 mm

FLASH. FLASH 2 - SASE viewer
FLATUNNEL 8

=

134.49 mW

(2] Long Term SASE Intensity
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[J] _Short Term SASE Intensity
‘= Potonfiux tunnel (] : Mean=25.25, SD=57.17 500

4007

3007
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wo_Pulse energy intra train
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[bunch idx]

TorokiMI_Display.xmi FLASH.DIAGTOROID.ML//
flasi. FLASH Transmission Display

tnc) FLASH1: Charge vs. Toroid

T o

(a1 FLASH2: Charge vs. Toroid
o]
Transmission [%]
[1oo] 2 I I m s 100 : ~
o|s[wm o o (m— o o (] o o - N e [
oo} 1 m tm m Es I
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o
[Gew ] Details for Toroid 3GUN
Gharge 0370 - 0003 nc charge 0312+ 0001 o
89 bunches 40 bunches
Transmission  absoit: 100.00 reiauve: 100.00 % Transmission  absowt: 100.00 reiawe: 100.00 %
P— g

FLASH: 81+40

bunches

FLASH 2 SASE viewer GMD ok? © e=» g
A, e - 751.45 MeV e 148060 @ 13.50nm

(2] Long Term SASE Intensity
700

600
500

oo Pulse energy intra train
300

[ud] Short Term SASE Intensity
250

59.22 mW

1h 3h 5h 8h 6:17 6:32 6:47 7:02
15.1.2019 15.1.2019 15.1.2019 15.1.2019  15.1.2019 15.1.2019 15.1.2019 15.1.2019
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200
150
100

50.0

0
0.0 5.0 100 15.0 200
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[bunch idx]

FL2: 10 bunches 350 pJ at 22.0 nm FL2: 10 bunches 210 pJ at 13.5 nm
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Many Bunches FLASH1/FLASH?2 (User Run)

o8- e FASH g SSEAASDOOS SIS Yol TFLIEL

usable flat top (2104+70+210) us

FL1: 10 pJ (at 1/1 mm apert.!) 10.4 nm e
w/ 200 bu.

FL2: 500—700 pJ at 26 nm w/

GMD-Tunnel

FLASH 1 - SASE viewer  775.3 MeV

1.00 mm / 1.00 mm 9.35pJ +- NaN % 10.39 nm

18.70 mW. D esigals photoniag Eserver

(s Short Term SASE Energy
10.75°

20/40/50/100 bu. at .1/.2/.25/.5 MHz

ToroidML Dizplayxmi  FLASH.DIAG/TOROIDML//
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590.0
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o T [ Pulse energy intra train
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E e S
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FLASH1 at THz w/ High Charge /FLASH2 SASE w/ 220 Bunches

ToroidML_Display.xmi FLASH.DIAG/TOROID ML/

fuasi. FLASH Transmission Display

o8- s e FSH S AASDOOS SIS Vel TFLFEL

FLASH.  FLASH 1-SASE viewer  549.3 MeV. GMD-BDA 10.00 mm / 10.00 mm 26.70 pJ +- NaN % 21.76 nm

trc) FLASH1: Charge vs. Toroid

Transmis: %]
A A %0 o [ o]
T (— o o — ] 24,0 e . —
' ‘ m z r 8h 10h 12h 14h 16h 1421 1431 1441 1451 1501 1541 15:26
- R 9.2.2019 9.2.2019 9.2.2019 9.2.2019 922019 | 923019 9.2.2019 9.2.2019 922019 9.2.2019 9.2.2019 9.2.3019
- = eSS [uJ] Pulse energy intra train
160-
140
120
- 0005 nc Gharge 0405 - 0004 nc
110 bunches J
latve:  100.00 % ransmi absolut 100.00 relatve:  100.00 % 100
80,0
60.0
pox 40.0-
= T il
T T T T T T T T T T T T ['
L T T T T T T A" 00 10 20 30 40 50 60 7.0 80 90 10.0

11.0
[bunch no]

I:LAS:LZ - SASE vviewer 546.30 MeV.

e THz at FL1= high charge (here 1.4 nC)

— often not favorable state for FL2,
however. . .

e FL1: 30 puJ at 21.8 nm & up to 50 pJ at
15 yum THz w/ 10 bunches at 100 kHz

e FL2: 200—250 pJ at 26 nm / 110 bunches
at 1 MHz

14:40 14:50 15h

200 . e
14h 16h 14:20 14:30 4; 15:10 0
9.2.2019 922019 922019 9.23019 9.2.2019 922019 922019 9.22019 9.2.2019

15:2(
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News from the Photon Side

e FLASH2 now has optical pump-
probe laser:

e For many (potential FL2-) users P-P
is a key feature

e Only since then can FLASH2 be fully
scheduled for users

Kalypso:

VLS Kalypso control

https:/ fjddd-flash.desy.de /iddd/FLASH/Hasylab/BL/vis_gui.xml TTF2.FEL/GOTTHARD/BL.O/

User / S1screen PCO Kalypso/line detector | VLS spectrometer | Advanced | Expert | |

Output data Center of mass
1
Ka ntrol
Iyp! o
7.15
= ™
ain 1] E £ 7.05
=
xposure 10 || & 7.0
6.95-
6.9
G 12 NOT smveD> G ; . ; e
280 " 2d0 ' 7d0 1260 ' 17ba 250.0
ave Data to DAQ =i i}
731
A (nm)
Line profile  Selected line: 30 e Moz
sart | T B e e |
7750
Stop 1
Q 7250
Restart | 67507
6250
oardReset [ .3
& T . T
Frame 9407372 250 290 790 1250 1750 2250 2150 560 500 150 250 350 “0g
7.31 7.00 6.70
A (nm)

fast read-out 1-D hi-res CCD

together w/ VLS spectrometer at BL
(FL1)

wavelength spectr. vs bunch-in-train

bot/left: to verify that A-distribution
is flat

top/right: mutually created wave-
length chirp (RF ampl. slopes in
ACC45/67)
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FEL Experiments at FLASH

e (not HHG/HGHG/EEHG seeding)
e E.Schneidmiller & M.Yurkov:

e lLet's concentrate on 2018:

e first time HLSS for users !
e A gazillion of ideas, papers, (27.-28.02.+03.-06.03.2018)

experiments: e 22.10.2018:
two color lasing:
18 nm 4+ 28 nm

e 15.11.2018:
freq. doubler: buxw,7ux2w
— 3.18 nm (2 ©J) to
3.68 nm (7.5 uJ)

— Harmonic Lasing (HL),
HL-SelfSeeding (HLSS),
Reverse Taper,
Frequency Doubler,

Two Color lasing, ...

= a nice summary can be found in:

http://wuw.desy.de/xfel-beam/talks.html#a2019.01.15
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sFLASH

LTI T
AT T,

e Pics & infos: |
thanks to Ch.Lechner! e Also: THz streaking of seeded
| | FEL pulse
e Past: HHG
e Plan: EEHG :

e Presently: HGHG
— demonstration of EEHG-seeding

e TDS measurement for reconstruc- at sSFLASH around 30 nm

tion of temporal FEL pulse enve- _
— upgrade of 1st sFLASH chicane

for of EEHG seeding:
— currently being engineered

lope

< first time done by sFLASH for
seeded FEL

13
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Mainly: See Stephan Wesch’s talk Tomorrow!!! Pics & infos: thanks to R.D'Arcy!

Plasma density increases (beam—discharge delay decreases)

\ 4

Witness bunch
(gaining energy)

\

«—— Approx. 2 GV/m

WELT AN T
11

Drive bunch_»
(losing energy)

0 100 200 300 400 500
Shot number

e 01/2019: (first at ) Acceleration of electrons with GV /m gradients

— Externally injected electrons accelerated from ~700 MeV to ~770 MeV in 33 mm of
plasma

— >2 GV/m gradients, essential for application of PWFA as plasma booster to future
facilities
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FLASHForward>> (2)

ol « to lower energies
20 =
— 1200

o acceleration signature
or without plasma perturbation | "
50 |- —
o {800
70 \] 1 = -1 | 600
10 ~ E

: : : 400
20 acceleration signature with
%0 plasma perturbation froma | | 200
or bunch pair arriving 1 ps
o earlier 1 °
60 — —
0= 1 | | | 1 [ -

650 700 750 800 850 900 950 1000 1050 1100

e 01/2019: First ever studies of PWFA at effective MHz rep. rates
— study effects of plasma relaxation at the us level after perturbation by wakefield
= a different wakefield signature observed after wakefield perturbations created by 1st bunch
— first steps towards understand reproducibility of PWFA at MHz rep. rates for future

applications

15
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Ballistic BBA in (FL1) DOGLEG

16

e Absolute energy measurement in a linac is intrinsically problematic!

[ FLASH diSperSive d0g|eg (theory, direct measurement, indirect measurement, legacy data,. ..

b= Ecentral(¢dip.7 {calib}, Idip.) + Ecentral(- . ) : (xbpm — Loffs. —

ACC4 - ACC7 TCOL ECOL
H10ACCE H10ACCT H18ACC7 H1TGOL H4TGOL BTCOL H2ECOL H4ECOL HEECOL H10RS HSORS.
0.000 A 0.000 A 0.000 A 0.000 A 0.000 A 000 A 0.000 A 0.000 A 0.000 A 0.000 A 0.140 A
£008.688 | 4006688 206.668 $.26.868 || 76886 §.008 (| #.70.680|  |4006.868 $.08.808 | |4006.968 £076.148
0. @ea A 0.000 A 0.000 A 0.000 A 0.000 A 000 A 9.000 A 2.800 A 0.000 A 0.000 A 0.140 A
no beam ‘ no beam no beam \ no beam no beam /
no heam no beam no beam no beam nobeam g g / 9
-0.177 __ 0.053 uns: -0.054 -0.057 mac™
TTTT Wﬁ; o LTS
ol ] [ T [y oy 'l T
0.286  1.201 0.89% 1381 jeTcoL o i
nn beam no beam no beam coil.1 no beam no beam Coll.3 8 ’7
no beam conz
no beam no beam no beam 3 Kickets no beam no beam
no beam Coll
G5 coll [ cat | o L J / ] /
0947
Note: BPM offsets have been|changed!
Note: sge elog 6-Feb-2018 1749 h no beam
no heamw\nn beam hups://jddd-flash.desy.de/jddd/global/Magnet/magnet_ml_server.xm| FLASH.MAGNETS/MAGNET.ML/D1ECOL/
no beam FLASH.
V10ACC6 VI0ACCT viTCOL vaTcoL vaTCOL VBTCOL VAECOL MAGNET MIDDLE LAYER SERVER - D1ECOL
0.000 A 0.000 A BRI 0.000 A 0.000 A 0.000 A 0.000 A 0.000 A Al Groups | _Config | | MainControls | GoTo | AdvancedControls | Calibration | Information Log
eonm smal laees smal | aees ssallaees mas X . ] o al s| Dipole D1ECOL
$..9-900 $..9-90¢ $..9-900 )+, .0.000 )+, 0.000 oham [..2-098 +..9.Gg oo
0.000 A 0.000 A 0.000 A 0.000 A | ©0.000 A nobeamt i 000 A 2.000 A glg?zmm e
| o . g;ggg oetocton angie: 3,560 wo [ owson 250
D’mECS rer
osecs
piscs Nominal momentu: | S |
D148C3
piEcoL
e Energy from SASE spectrometer and undulator K i I
DDDDDDDDD corent: 117.806 A [
péFL2BURN 000 < 7B < 2500000

b4

Dipole to design angle (accordingly)
quads Q9/10ACC4—Q20RS—>O (+sextup./septum/steerers)

traj. should be straight line with design arcs in dipoles

BPM offsets & check if dipole calib. is compatible

DEFL2EXTR
DISMATCH

DIFLFDIAG
D2FLFEXTR
DSORS
DBORS
06.40RS
O70RS
D90RS
D100RS
D110RS
D120RS
D13FLZEXTR
DITFLZEXTR
D7ECOL
D10SMATCH
DDDDDDD

D15FLFCOMP
D2Z6FLFCOMP

o tch On

wnow\

Start Gycling |

05
03
[

0
00 280 500 790 100 1 50

DIECOL/PLOT_GURREN

T T
Ts 200 205 250
1A

® Gen. kick s

3.5 deg (2

Sen

dto

i

Help
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Ballistic Quad-BBA in FL2SASE

e FEL requires overlap of photon beam and electron beam < photons:

straight line!!!

e But misaligned quads kick beam Ap = Kqoffs (¢ := =, y.p := ', v vy = —ra)

FL2SASE Section FLASH ShowFLASH! | showFLAsH? | | Setasieterencell Piint
0.3337 0.1842 0.0606 0.0243 0.0055 -0.085 0.332 0.0911 ' _
A AAA A AAA A AAA A AAA A AAA A AAA A AAA A AN Reference: Reference from FileCatalog ID=30768
+.430 1 1£.200 )\ £.070 ) | £.020 | | +.120 | | 5.080 ) 5-320 ) | ¢-130 FLASH2 - Horizontal Orbit ~ Persistence [v] Absolut Orhit ] Difference Orbit ] Difference Orbit ftered) ]
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02
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—p—r
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L e
S H| 5 ] 5 G E b ] ® O ® mag_single_linac_win.xml TTF2.MAGNETS/QUAD.. _
o o o o o o 8 i
4 4 4 4 4 2 2 20,
q q q q q g g g Magnet Info / Tools
5 5 5 5 5 5 5 E 03 Q3FL2SASE10 P$: BL 120 Mk2806D/5T...
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1 l l l l l l l l & T T 14226 T T T T T
PN i = -— o - — —— b I~ | 18FLzExTR 22FLZEXTR 3FL2SEEDZ Hist POLWENDER SFLZSASET 3FL23ASED SFLZSASEN!  SFLZSASEMS 3FLZBURN
AAAAAAAA

) © © "
1 1 ] 1 1 1 FLASH2 - Vertical Orbit persl +,,14.226 P 1426 minz956 max=956 Absolut Orbit [ ] Difference Orbit ] Difference Orbit fitered)
o od 022 CyceMens |

04
cycled
FLISASEG FL2SASET FL2SASEB FL2SASES FL2SASE() 03 )| ’g“agm‘an/qﬂ

B rasase FLISASE4 FL2SASES
<
@ -0.233 -0.164 -0.078 -0.051 -0.129 0.0452 0.1623 0077 | o2
5 A AAAN A CAAA A AAA A AAA A AAA A AAA A AAA A AAA o1 [ ]
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<.230 <.170 <0.080 <0.050 0130 0.0500 0.1600 0.080 o
.
Dauo-0.203| |OAute 0.062| |HAuo 0.001| [HAuto-0.068| |DAute 0.009| |HAuo 0.045| |HAuo 0.087| [Hauo-0.099
03
04
0.
<FL2EXTR SEED steerers inside undulator ‘ phase shifters undulator ‘ phase shifters undulal 1eL2ExTR 22F2ETR srseen arL2gEEDa ar2seeDs arL25AsER arL29AsEs arL29AsET ar2gasEs aFL25RSE SFL25RSER SFL2BURN
_SFL2EXTR SEED | &
Fan e T [l i T

e in FL2SASE section e foreach single quad:
e w/ open undulators — crank up k (1)

— long beam waist (quads—0) — use quad-movers to restore orbit

17
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Q-offset w.r.t. minimizing baseline /mm

Q-offset w.r.t. minimizing baseline /mm

0.8

0.6

0.4

0.2

-0.2

-0.4

0.8

0.6

04

0.2

-0.2

-0.4

Ballistic Quad-BBA in FL2SASE (2)

FL2 undu-quad ball. BBA 2017 vs 2018 / HOR

”FL‘27yl7ml 1di8n7BBAfmllnimizedQua‘dPosilions.de‘lt” ul:2

fx1(x)

"FL2_y18m11d24n_BBA_minimizedQuadPositions.dat" u 1:2

fx2(x)

T

4 6

8
Q3FL2SASE,, n=3

10

.....

14

12

FL2 undu-quad ball. BBA 2017 vs 2018 / VERT

"FL2_y17m11d18n_BBA_minimizedQuadPositions.dat" u 1:3

fyl(x)

"FL2_y18m11d24n_BBA_minimizedQuadPositions.dat" u 1:3

fy2(x)

T

4 6

8
Q3FL2SASE,, n=3

10

.....

14

12

e ...aligns quads along

some straight line

interactive cmndline tool
to shift/rotate “this line”
/home/ttflinac/user/vogtn/£77/shiftBBA
pics: minimizing fit-lines
and quad-shifts for:

2017 data and 2018 data
for horizontal (top) and
vertical (bottom) plane.

vertical agreement very

good

horizontal: more difficult
because of periodic slow
orbit variations (£7)

18
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Optics: Symmetric Quad Scan in (FL1) SFUND

e single quad scans are know to _, design (JZ) dedicated symmetric

be fragile under optics perturba- quad scan optics w/ 3 at screen

tions always high
?
® so why at all bother? =- scan more robust (both planes) &

(SFUND has 4 screens!)

good resolution (pic |)

® camera resolution limited: 1SFUND4

i . . 400 6.41] le-01
medium to big beams rather than ¢ Efé G
. S 2001
small to smaller beams 3
€ O mmmm e o 2 -~ — R — = — = |
(0]
. [] - () I
— requires high (§ at high FE, : }
9 1
sincee x 1/F € _uoo |
“umgero;LmaEes: 13. . ] Z ggi }:g;
umber of background images: R
o but phase advance d/,l, = dS//B Moments  asymsupergapuss | = 2
value error value error I
- Hx{pm, 0.20 273 -3.62 0.03 I
favors small B for given (re- e e e |
ox(um)| 125.61 034 121.90 431 :
. oylum)| 116.34 0.59 108.64 6.63
stricted) As o i
UA:x/a; 344 002 356] 0.06 :
Hayloy| 420 003 406  0.09 i

-400 -200 0 200 400
horizontal beam size (um)
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Optics: Symmetric Quad Scan in (FL1) SFUND (2)

MQ120RS 1SFUND4 AmX 91011 -ImY 91011

Br=304m HGur =B234-024m
oy =037 s = -0.10 +-0.04 oar =046 cens =-1.114-0.08

Br=301m S =3524+015m

ep = 1.77um  gar = 1.77 4+- 0.06 um g =093 um  £xr =093 4-0.06 um

mp =1.76 Ap =322 mp =217 Ap =410
_ af 3
= 1t = = 1}
- -
= 0 &
8 2 I
= -3l = =3

.......
0

MQ120RS 15FUND4

Br=304m B =317 +-005m Br=301m S =2014+-010m
ayp =037 ans = 0.37 +-0.01 oy =046 s =046 +-0.03

er =1.33um  £ar = 1.33 +- 0.02 um er =1.09um  gar = 1.094-0.03um

me =1.00 Ap =1.08 me = 1.00 Ap = 1.04

g f A 5 f = ]
- - >
Z <
Yy OF = of N
b =4k

I N

1 [ 1 2 2 1 0 1

@/ (erBa) wi\/(exBr)

2018-11-16/n: symmetric quad
scan Q120RS on OTR1ISFUND4

top: initial scan:
mismatch ampl z — 3, y — 4

after 3 iterations

(rematch— remeasure)

bottom: converged:
mismatch ampl x — 1.05, y —
1.04, €5/, — 1.33/1.09 um

obviously not resolution limited

converged (from 3/4) = reason-
ably robust!

great improvement

also candidate for FL2SEED

20
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The FLASH RF-Gun : Puzzle Picture (Bilderratsel)

What do we see here ?

|2 HistTTF2.UTIL/AUX_PARAMETER/CH.04/VALUE == 2
[mbar] Pump 2GUN
1.e-7

1.e-10

16:38 16:58 17:18 17:38 17:58 18:18 18:38 18:58 19:18
21.7.20138 21.7.20138 21.7.2018 21.7.2018 21.7.2018 21.7.2018 21.7.2018 21.7.2013 21.7.20138

o After summer shutdown 2018 e ...roughly 24 h later. ..
e during gun recovery. .. e ...during (my!) optics studies:
e after increasing the flat top in one ® 7777777777777

step from 120 us to 350 us. ..
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The FLASH RF-Gun : Puzzle Picture (Bilderratsel)

What do we see here ?

-
|2 Hist:TTF2.UTIL/AUX_PARAMETER/CH.04NALUE = | =] 22
[mbar] Pump 2GUN
1.e-7

1.e-10

16:38 16:58 17:18 17:38 17:58 18:18 18:38 18:58 19:18
21.7.2018 21.7.2018 21.7.2018 21.7.2018 21.7.2018 21.7.2018 21.7.2018 21.7.2018 21.7.2018

e After summer shutdown 2018 e ...roughly 24 h later. ..
e during gun recovery. .. e ...during (my!) optics studies:

e after increasing the flat top in one ® An RF-window leak !

step from 120 us to 350 pus. .. ® ...optics studies over :-( :-( :~(
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RF-Window Exchange Summer 2018 & Recovery

e \Window was quickly exchanged — Vacuum recovered while flat top was slowly ramped up

e pics (J) 21.07.2018 to 26.10.2018 IGP2GUN pressure/mbar (top) and RF-gun flat
top/ms (bottom) (what looks like out-bursts are in fact mostly firings of the TSPs!)

oy Hist:'l—I'FZ.UTIL/AU)(?PARAME(ER/‘CH.WVALm

21. 7. 26. 7. 3JI0O. 7 3. 8 - B. 2. 8. . 8. 228 27. 8. 13 O, 1EB.

. 7. NN . 31, 8. 4. 9. 8. 0. a . O, 22 0,
2018 2018 2018 2018 2018 2018 2018 2018 2018 2018

23
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RF-Gun Ramp Up Procedures

e [n general we have bad
experience with too
bravely ramping up the
flat top.

e However, by slowly
ramping it up, we have
reached about 600 us
and stable operation

for months.

700

600

500

400

300

200

FLASH RF-gun pulse length

3 5 7 9 11 13 15 17

Days

19 21 23 25 27 29 31

=#=Breakdown July 2018 (G57)
=#=January 2018 (G57)

July 2017 (G57)
=>&=January 2017 (G57)
=¥=July 2016 (G57)

Breakdown July 2016 (G64)

July 2018 (G66)

=H=January 2019 (G66)

K. Honkavaara,17.01.2019
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RF-Gun Restart after Winter Shutdown and Cathode Exchange

7.1 9. 1. 11. 1. 13. 1. 15. 1. 17. 1. 19. 1. 21. 1. 23. 1. 25. 1. 27. 1. 29. 1. 31.1. 2 2. a. 2. 6. 2. 8. 2. 10. 2. 12. 2.
2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019

[mbarl  Pump 2GUN
l.e-5

l.e-11

7. 1. 9. 1. 11. 1. 13.1. 15. 1. 17 1. 19. 1. 21. 1. 23. 1. 25. 1. 27. 1. 29. 1. 31. 1. 2. 2 4. 2. 6. 2. 8. 2. 10. 2. 12. 2. 14. 2.
.., 2016 2016 3019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2015 2019 2019 2019 2019 2019 2019

e Window was quickly exchanged — Vacuum recovered while flat top was slowly ramped up

e pics (1) 07.01.2019 to 17.02.2019 RF-gun flat top/ms (top) and IGP2GUN
pressure/mbar (bottom) (what looks like moderate out-bursts are in fact exactly these!)

25
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New Automated RF-Gun Ramp-Up by FSM, LLRF, and PWM

Trip: FSM lets iris-temp. SP follow the falling actual temp. (valves not closed!), then: LLRF
phase modulation keeps frequency on resonance during ramp-up (only little P,or but eff. RF

heating— nominal temp.), finally PWM controls temp-overshoot and settles at nominal
parameters.

® Relative temperature change based on LLRF signals in K

— GUM/DELTA_TEMPERATURE [K]: M

16:30 16:32 16:34 16:36 16:38
4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019

16:40 16:42 16:44 16:46
4.2.2019 4.2.2019 4.2.2019 4.2.2019

16:28 16:30 16:32 16:34 16:36 16:38 16:40 16:42 16:44 16:46
4.2. 2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019

16:26 16:28 16:30 16:32 16:34 16:36 16:38 16:40 16:42 16:44 16:46
4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019 4.2.2019
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Controls and Operations

e Wire scanner svr ported to XFEL standard:

— still needs some testing

e (RF-gun-rampomat) — potentially solve many little probl.

e new LLRF firm-/soft-ware: e new CentralMagnetSvr/MagnetMLayerSvr:
— stronger more versatile FB — will redistribute responsibilities
— less strict limits on split flat tops < preserve FLASH procedures
. — work in progress!
— might take over the role of the Prog

LearningFFwd completely! e Operator training:
— re-started hands-on tutorials

<— in addition to classroom lectures
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Orbit Feedbacks Consolidated

e clearer structure of sections, many bugs fixed, cleaner
ORM-measurement procedure

e Now it needs some psychology: operators must set it up properly
before passing the beam to users!

Orbit FB - DBC2 Orbit FB - FL1-UNDU Orbit FB - THz Orbit FB - FL2-SASE Orbit FB - sFLASH

Overview Overview Overview Overview Overview
Mon/Act History Mon/Act History Mon/Act History Mon/Act History Mon/Act History

Controls Controls Controls Controls

Orbit FB - FLASH3

e Select std-Set-up for section

e temporarily: 1 bunch
maybe disable slow-protection

e set “golden orbit”!
e ORM-measurement

e close loop!

28
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FLASH

Steerers 9

Orbit Feedbacks Consolidated (2)

3_ShowActive.xm|  FLASH.FEEDEACK /ORBIT.FLASH1/ORBITFEEDBACK/

Vertical BPMs

V2SFELC
set

13SMATCH

e OrbitResponseMatrix (ORM)
— most difficulties removed

e however:
— choose reasonable
kick-strength
(server remembers!)
— must check for transmission
< in complete section
< during compl. measurement
— check readings (see pic<—)

29



We used to have it before. .. g;gm

when BAMs & LLRF were still VME =
Now it's both pTCA m

Now in std-operation (user runs)

Will employ BACCA once fully s

commissioned

uTCA Intra-Train BAM Feedback

https://jddd-flash.desy.de/jddd fuser /chris /BBF/LLRF_BBF.xml FLASH.RF/LLRF.CONTROLLER /ACCL/

BBF Enabled [0

|||||
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Print

Charge readings | Timing bunch pattern |
Beal

m Active

Charge

BAM SP

SP1 | 32000. ME

sP2 | 39500.00
sP3 0.0

Arrival time

_b(\7

‘7+5I

s |

a5 |

Matlab scripts

RF field error signal input
01

e
0.006}
0.004 I | ! |‘
0002 I
W
0002 h | m | " wr.
0004
0.006]
0,008
675 s | sls | &ls | ﬁs
Flattopl | Flattop2 | Flattop3 |
GAIN - RF field

BBF Matrix

Limits

— ENABLEN

Correction term

= = 5 -ag
> [ ooz0H [ 00000+ . Ampl | 0.05+ -> (hdAfA)x[' ]
[__0.0000 [ 00000 Phase | 0.00 ae 1

!

Corrected error signal

0.006-
0.005-
0.004-
0.003-

0.002-

0.0014;

\ ol

<0.001-

"‘*r"\ﬂ‘r"“"'

5 Tiﬁ TJIE Hiﬁ BJIE !ﬁﬁ
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pTCA Intra-Train BAM Feedback (2)

- BAM 3DBC2 - BBF active on ACC1, FLASH 1

75+

76+

t, [Ps]

77 A‘/___A_W
-78

79 L | I I I I

0 20 40 60 80 100 120 140
Bunch Number

60
50

20

ot [fs]

30

20 | | | | | | |

160

|
180

200

0 20 40 60 80 100 120 140
Bunch Number

e BAM 3DBC2 (in loop)

e after 10—15 bunches:
— less than 35 fs jitter

160

180

200

BAM 4DBC3, FLASH 1
-56 T T T

|

5.9+ ~‘
% | I I | | | |

0 20 40 60 80 100 120 140 160 180 200
Bunch Number

ty [ps]

olt,) [fs]
=]

35+

30 | 1 1 1 1 1 | 1 1 I
0 20 40 60 80 100 120 140 160 180 200
Bunch Number

e BAM 4DBC3

e after 10 bunches:

— less than 35 fs jitter
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Short Term Outlook

BACCA cavity (3 GHz/warm)
RF-stations RF-station RF-stations

v D—chicane v S—chicane v
(S O | | | e | | |

\ 1.3GHz SCRF
“ 3.9GHz SCRF

1.3GHz SCRF

beam dump

separation/collimation

sFLASH

eadng FLASHI

_— / beam dump
SASE undulators \

RF gun (1.3GHz/warm) FLASH-INJECTOR MAIN-LINAC
\ THz undulator
injector laser (1&2&3) ‘ 350 MeV to 1250 MeV
5.6 MeV 146 MeV 450 MeV
pre—ionization laser (25 TW)
FLASHForward Exp. )
e Upgrade of BAMs in FLASH1/2/ FLASHS -

e BACCA (m.o.l) ready for comm. w/ new PETRA-III

pTCA IT-BAM-FB.

o 2Xx PolariX-TDS for FLASH2 &
1x for

e Additional bunch compressor chicane in N
FLASH2 (FL2BC1747)

Enhanced resolution w.r.t. good ol’ LOLA

— Energy distribution with/without SASE

— Ultimate compression downstream of the — lower bound for photon pulse duration

extraction arc . -
e More refurbishments — Siggi’'s talk

= Compression in BC2 & BC3 can be re-
duced!

32

“‘Albert Einstein’*

f
FEL user halls

*‘Kai Siegbahn™’
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A 3rd Bunch compressor Chicane for FLASH?2

e 5—-6 m long C-chicane,
Rs6: 8-25 mm see pic\,

e Replaces most of sections
SEED1 & SEED2

e Reasons:

— compress less hard in 1st and 2nd
BC:
= less peak current at low energy
= less space charge/CSR

— compress less hard upstream of

extraction arc

= less peak current in extraction
bends

e and independent knob for FL2

33
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A 3rd Bunch compressor Chicane for FLASH2 (2)

<p>= 1.3e+03 MeV/c, <s?-= 1.5e-05m, charge=250.0 pC
2500 | T T T T T

e Simulation: JZw/ X-Track(MD) %~ e

e Example: 250 pC C7 = 3.75, y _
Cy =9.17, C1 = 3.64

o (actually FL2020+ stuff but w/o < ¥
|aser heater) ::: : l . l l . ‘ l :I N

e Gun to SEEDY e

e pic (here) ¢(2d>(z,dP/P) (top) S
& % (2, y) (bottom) | il

® next slide: o LT
BOD (0 o0/ & 9D (2,2 opl o :
w2 (4" (bot/1) & v (2D (2, y) (bot/r) E; o |

e next-2-next: slice properties Z; | ..

-0.1  -0.05 0 0.05 01
X (mm)
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A 3rd Bunch compressor Chicane

for FLASH2(3)

0.05
0.04
0.03
0.02
0.01

x' (mrad)

-0.01
-0.02
-0.03
-0.04

beta= 3.2 m, alpha= 0.5, norm. emit= 1.0e-06 m rad

2_1/2

| ox®12-12.42 pra
<x'>=2.81 prad

<?>12-0.04 mm
<x>=—-0.00 mm

T
i
ok

i

=

\\
\

1
!

-01

-0.05

0 0.05 0.1

x (mm)

beta=28.9 m, alpha=-3.1, norm. emit= 6.7e-07 m rad

<y?'2.9.74 prad
<y'>=1.98 prad

T <y2>"2=0.09 mm

<y>=0.00 mm

I
|

.

-03 -02 -01

0 01 02
y (mm)

I(A)

y (mm)

2500
2000
1500
1000
500
0

0.1

2500
2000
1500
1000

500

<>220.04 mm

| <x>=0.01 mm

| <s?>12=14.83 ym
7 <s>=0.06 um

-0.04 -0.02

0.04

<y?>220.09 mm

| <y>=0.02 mm

7 <s®12=14.83 um

7 <s>=0.06 pm

- =

-0.04 -0.02

0
s (mm)

0.02

0.04
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A 3rd Bunch compressor Chicane for FLASH2(4)

25 40
20 3
15 | 30 E 30
10 | c 25
% ® 5} 20 £ S 5
= 5 ot 105 ® 0
£ ~ 5 0o v 2 15
3 -0 S 10
-15 | -10 @
20 | s 5
0 0
-30-20-10 0 10 20 30 40 50 -30-20-10 0 10 20 30 40 50
s/um s/um
5 0.35
E 4 0.3 2 g‘| . X—lp:aﬁe I
' = = —plane -
— o 1 I~
& 02§ % 105 5 ot
o 0.15 RN 0o ©-1F
5 -1 0.1 % % _:23 n
(5] 12 L
&CJ,_S A oA S © -4
-3626100 1020304050 -30-20-10 0 10 20 30 40 50
s/um s/um
150 _ 1.2
100 g g1
>3
5 50 = E os
e 0 g 'é 0.6
£ 50 > § 04
-100 : : : % E 0.2 : : : : : :
-150 I : -20 - © 0 I N N N R
-30-20-10 0 10 20 30 40 50 -30-20-10 0 10 20 30 40 50 -30-20-10 0 10 20 30 40 50

s/um s/um s/um
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PolariX-TDS

e X-band (= 12 GHz) “super-LOLA”
e CERN design: variable streak polarization

e PSI production: w/ super-accurate robot
to stack the cups

e Order: 2x FL2, 1x FLFwd, 2x SINBAD,
1x (longer) PSI

e Prototype goes to FLASHForward > > this
summer

o FL2/FLFwd: shared kly/mod with HF-

switch to either/or FL2/FLFwd

FLASHFORWARD»»/FLASH?2 X-BAND SCHEME — 2020

37

FLASH2/FLASHForward tunne!

FLASHFORWARD»»/FLASH2 X-BAND SCHEME — 2019

[ undulator
I Quad

l xtoc

B dipole
[ screen
L

FLASH2/FLASHForward tunnel

Ll

Corridor

e [L2: downstream of FL2SASE

= measure lasing part of bunch!

D undulator
I Quad

I xmoc

1 dipole
[ screen
L
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PolariX-TDS (2)
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PolariX-TDS (3)

< top/l: TDS w/ vacuum, waveg-
uides, movers & support

v~ bot/l:  kly-tank connected to
FLFwd through trench

1 bot/r:  Ampegon modulator w/
kly-tank ;  Toshiba kly w/o

solenoid

39
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A big thank you to all, who participated and
helped in operations, maintenance, development
of FLASH, and in the planning and design of the
future of FLASH, and in particular to those that
plan to keep doing this!!!

and . ..
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Thank you for Listening!

41



