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Overview

1. FLASH 2 Overview
1.Layout parameters

2. Operation FLASH2.

1.Lasing at wavelengths between 4 and 60 nm.
2.Parallel operation FLASH1 and FLASH2 established.
3.User Operation starts in 2016.
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Parameters

FLASH1

FLASH?2

Beam parameters

Beam Energy

0.5 —1.25 (1.6) GeV

0.5 —1.25 (1.6) GeV

Normalized emittance (proj.)

1.4 — 3 mm mrad

1.4 — 3 mm mrad

Energy spread 0.2 MeV 0.5 MeV
Peak Current 2.5 kA 2.5 kKA
Bunches per second* <8000 <8000
Bunch Charge 0.07-1nC 0.02-1nC
Undulator parameters Fixed gap Variable gap
Period 27.3 mm 31.4 mm
Segments length 4.5m 2.5m
Number of segments 6 12

Focusing Structure FODO FODO

*Shared between FLASH1 and FLASH?2
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Separation FLASH and FLASH2 behind last accelerator module
Tunability of FLASH2 by undulator gap change

Extend user capacity with SASE and seeding

. _ Soft X-ray
RF Stations Accelerating Structures SELASH Undulators Photon

vV VY v vV Vv TH, Diagnostics

B SR e

RF Gun  Bunch Compressors
Lasers

FLASH1

5 MeV 150 MeV 450 MeV 1250 MeV
Beam Dump

FEL Experiments
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Separation FLASH1 and 2: the septum

. 3
Size of normal
vacuum pipe

- Small apertures to get FLASH1 and
e FLASH2 beam through.
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20 I- Remove angle 1
15 L Enhance kick ELASH?
E
E 10 i
: FLASH1
5 — -
0 = I >
146

Q19ACCT QitcoL  QzrcoL
|

Collimator Kickers Quadrupole magnets Septum
Kicks of Quadrupoles Q19ACC7, Q1TCOL and Q2TCOL are needed to get beam into
FLASH2
Different Quad settings - different kick = angle or offset.

With a FLASH1 vertical beam offset, FLASH2 will normally have the same offset with respect
to Septum.
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Undulators Control (status November 2015)

FLASH.

Controls

T

AAAAA

DeltaPhi:  +_ 0.0

Status:

Ready Energy

Enable 3-5
Disable 3-5

Enable 6-8
Disable 6-8

Enable 9-11
Disable 9-11

Enable 12-14
Disable 12-14

Group actions

698.21 MeV
Fzsases  Oetais |
Undulator [ | Active

Phase Shifter | | Active Ag: 90.000

Taper Group: [1 || aGap: 0.00

FL2sases ~_ Detals |

Undulator || Active St
= = = a al

Phase Shifter || Active Ag: 90.000

Taper Group: AGap: -0.00
Fzsases  Detis |

[ s s s |
undulator  [I7 Active ELECECECE

Phase Shifter .A:me Ap: 90.000

Taper Group: EE AGap: 0.00

FL2SASE12 Details
s s s s |

Undulator  [I Active ELECRCRCE

Phase Shifter .Aclﬁc Ap: B7.000

Taper Group: Eﬂ

AGap: 0.06

Print
Taper Controls Legend
..........
Group no: 1 +.0.00 foff  [~+| Open R
Groupno: 2 418.80 Closed w
cowpno: 3 +18.50 Moving
FL2SASE4 Details FL2SASES Details
Undulator [ | Active Undulator || Active
C s =

Phase Shifter | | Active Ag: 90.000

Taper Group: AGap: 0.00
Flzsaser _ Detals |
Undulator [ | Active

Phase Shifter | | Active Ag: 90.000

Taper Group: Eﬂ
Details

eese
W ncve R

AGap: -0.00

FLZSASE10

Undulator

Phase Shifter [ Active Ag: 90.000

Taper Group: EE AGap: 0.00

FL2SASE13 Details
s s s = |

undulator  [If Active FLECRCRCE

Phase Shifter [ Active Ag: 90.000

Taper Group: [3—_[3

AGap: 0.11

Phase Shifter | | Active Ap: 90.000

Taper Group: [1 || aGap: 0.0
Flasases  _ Detals |
(== 23|
Undulator [ Active
(s =

Phase Shifter [J Active Ap: 90.000

Taper Group: EIH
Details

awww
W Aewve B

AGap: -0.00

FL2SASE11

Undulator

Phase Shifter [J Active  Ag: 90.000

Taper Group: Ezl AGap: 0.00
FL2SASEl4  Detais |
Unduiator  [JZ Active MCECECECH
Phase Shifter -
Taper Group: BZI AGap: 0.12

Juliane Rénsch-Schulenburg

Set undulator gaps based on
beam energy and desired
wavelength. All undulators
characterized individually

Allows tapering (in different groups)
and global phase change.
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Undulator focusing .

> Undulators focus the beam vertically

= Focusing usually much smaller than quad focusing.
= Energy dependence of quad and undulator focusing different.

> At low energy, this effect becomes comparable to quad focusing

= Quadrupole currents need to be adjusted.

= Optics depend on energy and on undulator gap (as compared to FLASH1, where the gap
Is fixed).

> Server should take care of the optics inside the undulator, depending on
gap of each individual undulator.

The effect could be seen during the beamtime at 0.4 GeV (38 nm at FLASH1).
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3000

Optics at 0.4 GeV .

A A A A A ‘ Al A A
VAVAVAVAAVAYAVAVAVAVA'AVAVAVAY,
AAANSAAAAAAAAXAA

ED3 SEED4 SEED5 SEED6 SEED7 SASE3 SASE4 SASES SASE6 SASET SASE8 E10  SASE11 SASE12  SASE13  SASE14

SEED3 SEED4 SEED5 SEEDS SEEDT SASE3 SASE4 SASES SASES SASE7 SASES SASES SASE10  SASE11  SASE12  SASE13  SASE14

—a—a -ul‘l—-—l—-—¢—¢/ﬁ——-’/——/——————-ﬁ

SEED3 SEED4 SEEDS SEEDG SEEDT SASE3 SASE4 SASES SASES SASET SASES SASES SASE10  SASE11  SASE12  SASE13  SASE14

- Hor.

Vert.

Beam size 0%~ f3
Undulator open
4<B,<12m

Last 6 undulator closed
1<B,<120 m

All 12 undulators closed
0<f,<3000 m
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LLRF Steps

FLASH, Print
Amplitude Phase Amplitude Phase Amplitude Phase
MAIN.GUN F1 [5379MVim  |-0.80 deg MAIN.ACC1 F1 [159.98 MV 5.84 deg MAIN.ACC39 F1 [19.80 MV 10.11 deg
F2 [159.75 My 6.10 deg F2 [19.50 Mv -10.27 deg
vim] Amplitude Amplitude mv] Amplitude
o] 160.05 19.9
40 — 197-
20. 159.8 19.55
0 : : : : 159.7 : ALl 193
800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600
us us
Phase Phase Phase
12. 615+ i
8.3 .~ -10.
4. 59’ 102 \
nz .......................................... g T P 5.8-: -~ .10“.-
4. 57 0.6
800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600
us
Amplitude Phase Amplitude Phase Amplitude Phase
MAIN.ACC23 F1 [313.64 MV 4.02 deg MAIN.ACC45 F1 |276.84 MV 0.00 deg MAIN.ACC67 F1 |0.02MV 0.00 deg
F2 [31430mv 5.71 deg F2 |278.32 MV 0.00 deg
Amplitude Amplitude Amplitude
E';ﬂ..‘._ 278.75 it
314.2] 278.253 0.0
314.] 7B 0.0
3138 : 0.0
3136 </ SR == 0.0
313.4 2763 0
800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600
us us us
Phase Phase Phase
. 0.18= 0125
5 0.12'3 0.06
6 0.06- o3
5. 0- e magme Lo E
4. -0.06= -l
3. , , 0.12° , ; 012 : ,
800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600 800 900 1000 1100 1200 1300 1400 1500 1600

Max. step: 10MV, 5°

Gun olny without pulse width feedback
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SASE tuning

Tuni ram.->| Print/
Energy/Wavelength Pyros — — GMD-TOK  Energy (TUNNEL) Charge @ dump
676 MeV +/- 0.00% 7 : ¥ ¢
Show All 9DBC2.1 S 4DBC3.1 rn J eworox 142.3 pJd 100.6 pJ 0.31nC
s Wl 9DBC2.2 e 4DBC32 | 0472 LecoL | 0414 J cwosok  3mm /| 3mm 0.24 nC
13.49 nm -0.051 -0.047 0.007 ! ’
15.00 nm
] o IR und orbit FB
MP Kic... om
wes| I - Dppooojocd By vo|
5pg peeoeloog gl"g g g g g a
Injector settings a 5] LOLA & Kicker ___off i
o 0.34nC
"9 926nc
120 KLY3 i KLY2 I KLY6 | KLYS | KLY4 | opE
BSA =
d
c | Flash1 | Flashz |
Lasert | | FL2EXTR | FL2EXTR-SEED|  FL2SASE | FL2BURN-DUMP| Orbit |
Bunchies i slowRFFB  BCM BCM
Flash 1 FLASH.DIAG/BCWIDBC2.2 FLASH.DIAG/BCWA4DBC3.1
annn | M FBONOM AR AR AA AAA
Bunches 0,051 -0.051 @ 0262 -0.258 W
Flash2  vvvv | [0 FBokay? A AR AT AR
1000 kHz FB controls Charge FLASH.DIAGITOROID/3GUN
3000 A AA
[B] Fash unblocked 0.2625 1026 w
B stock rasnz | GUN ACCH ACC39 | ACC2/3 | ACC4l5 | ACC6/7 Staerers inskde undul
SET Vector Sum Flash1| 53.835 MV/m | 159.7 MV 19.900 MV 317.094 249.566 MV | 0.000MV || H3FL2SEED4 H3FL2SEED?
690.6 MV AA AAA AAA A AA A AAA A AAA A AAA A AAA AAA AAA AAA FEL
s» |53.835 M| 1e0.1 M| 19.7 M| 318.2 M| 248.2 H| 0.0 H|l -.0-107 +.0.05
RBV Vector Sum
g 53,835 MVim 160.1 MV 19.7 MV 318.9 MV 246.6 MV 0.0 MV 0197 H 0190 M
-8 MeV Irg 53.843 MV/m 160.1 MV 19.7 MV 3182 MV 2482 MV 0.0 MV 0197 0.064
T Alignment
2 3o7e:: Flash1| 1.20 deg 5.20 deg -9.50 deg 20.61 deg 4.30 deg -0.00deg || V3FL2SEED4 V3FL2SEED7
L) AAAA AA AAAA AA AAAA AA AAAA AA AAAA AA AAAA AA AAA AAA AAA AAA
Bucking con |7"2%¢| +..3-30M |+ "4.89M| - (9.55M |+ 20.54M |+ 4.30M|c "0.00M|| :.0.163 $.0.162
250A |od 1.30 deg 4.90 deg -9.55 deg 20.90 deg 430 deg -0.00 deg 0113 H 000 H
RB 1.19 deg 4.89 deg -9.54 deg 20.57 deg 430 deg 0.00 deg 0.159 0162
on-crest: 2 2 2 | 2 2

Slow online Intensity Monitor
LLRF learning FF
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Main timing of FLASH

Main Timing Controls w [ print |

" Main Operating Special Bunches Bunch Pattern Table

Main Rep Rate: 10.0 Hz FLASHZ rate: 10 Hz L [ [ [ |

FLASH 1 FLASH 2

Enable: J Enable: J
Close Shutter: ‘:I Close Shutter: J:I

A ~
Number of Bunches: 8 Number of Bunches:
~

H
WA

Repetition Rate: 200 kHz = H Repetition Rate:

Max. Charge: : H Max. Charge:
Laser: : Laser:

]
1. Bunch Position: _
= ] .
Max. Bunch Duration: g_ Max. Bunch Duration:

600.  F00. 800. 900. 1000 1100 1200 1300 1400 1500 1ﬁl]{]

Long pulse trains are also possible at FLASH?2.

Settings for FLASH1 and 2 chosen
independently.

1 Hz operation at FLASH2 possible.

Start time for FLASH2 flexible: all
diagnostics on electron and photon
side, kicker and LLRF steps
adjusted automatically.
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Long bunch trains at FLASH 2

Print o

RASH  FLASH 7 - SARE viewsr Ty BE.XEud @ 3290 . mm

#a
o
e
"
0:37 0:41 0:45 0:49 0:53 0:57 1:01 :
3012016 30.12016 3012016 3012016 30.12016 3012016 30.1.2016 il
e LA et VA Pt Drteg e ILAH S IO B =,
=
nast FLASH Transmission Display % m we M me mR M0 M e M M0 B9 WO BN TH THL WO 3N We O o,
— r 3 e — — — — - — a.u.
ars 18
[ ] [- FL2.TUNNEL/INTENSITY.TD; Buf=32489063 |a.u.) I
s
T 160
b | | £ ¥ | | | It ] | 1 I\
- Mot JUBCE  WOBEE WBEI Mo GASCT  AIGEL TORS  IAMATCH AR wows 140- _ [ ’
I'::al FLABHY Chargs wi. Torodd 1 ] \ ‘ v“ ‘\I I
| 120 I 1
i 1 | |
l.I!f 100
g ]
ot : 80.
UM aunci TeCy [} =) soBCa 1RALCT AFLIENTH  WEFLIMIN  IFLINERDE SFLINOWS  TPLIDONF 4
e 60.
- - I = T - : 1
o - s | I s | s b I:.: E’ T I::.:’ 40.-
- . "
= = | o -- T ]
- 20.
s | . Rdasensaans 8 1
- 0 I [ T l
Detals tor Tarund SGAIM . P o, s v 700 800 900 1000 1100 1l20(])
us

Tramamiagion G QM0 E ALA]

90 hmches 8343 a0 ..I I _ ane Ronsch-Schulenburg | FLASH Il | 2016-03-22 | Page 13
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Orbit feedback

FLASH.

Overview

Orbit

Correctors

| General | Expert | inverseRM | BPMs | Correctors

Print |

Controls
[v] FB on/off

Status

Available BPMs
Horizontal 5

Vertical 5
Horiz. correction status
idle - nothing to correct

Vert. correction status
idle - nothing to correct

FB Status
Feedback active

Horiz. Vert.
Orbit deviation 0.015 0.008 mm

[ o020 [ o020 4nm
Gain [ 0200 [ 0.200
dimin [ 00001} A

dimax [ 0040} A

[ 101 macropuses

Allowed

Averaging

Available corr.
2

2

inactive BPMs selected
DAQ not okay
beam missing
orbit svr. problem
out of range

delta out of range
read error

set error

no BPMs

no corr. [

insuff. corr. [T

RM not okay

Juliane Rénsch-Schulenburg
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Orbit feedback

FLASH.

|| FB onloff

Overview

Orbit

Correctors

| General | Expert | inverseRM | BPMs | Correctors

Print |

Controls
Status
Available BPMs
Horizontal 5
Vertical 5
Horiz. correction status
Idie
Vert. correction status
Idle
FB Status
Feedback is switched off

Horiz. Vert.
Orbit deviation 0.533 0275 mm

Allowed | 0020 | 0.020~—mm
Gain [ oaso] [ oas0]
amn [ 0000

dimax [ 0040 a

Averaging [jE macropulses

Available corr.
2

2

inactive BPMs selected
DAQ not okay
beam missing
orbit svr. problem
out of range

delta out of range
read error

set error

no BPMs

no corr.

insuff. corr.

RM not okay

Juliane Rénsch-Schulenburg
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Orbit feedback

Horizontal
2

[= /FL2.ORBIT/*/X PULSE.MEAN_STD
[ /FL2.ORBIT//DELTA_X.PULSE.MEAN_STD
[—/FL2.ORBIT//SP_X_STD

. T
0. 10. 20. 30.

Vertical

T T T T
220. 230. 240. 250.  260.
[m]

= /FL2.0RBIT/"/Y.PULSE. MEAN_STD
|== IFL2.0RBIT/"/DELTA_Y.PULSE MEAN_STD
[=/FL2.ORBIT//SP_Y_STD L]

1.5+
1.25+
1=
0.75+
0.5+

]

oo o

- Feonon [ g |

T
170.

T
175.

T
180.

Legend @ BPM Horizontal (active)

@ BPM Vartical (inactive)

Controls

T T T T T T T T
185. 190. 195. 200. 208. 210. 215. 220. 225. 230. 2[35].
m,

B Corrector Horizontal (inactive)
W Comector Horizontal (active)

. . . . . . Ll . L LJ Ll Ll . .
. . . L . . L] . . L] L] . L] .

Correctors

| Feedback is switched off
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|| FB onloff

Overview

Orbit feedback

Orbit

Correctors

Print I

| General | Expert | inverseRM | BPMs | Correctors
4FL2EXTR o o
S5FL2EXTR O o Horizontal o
BFL2EXTR o o Enabled [ ] sP 007
11FL2EXTR ml 0.08-
T 0o Weight LooE| ]
RO oo X= -0.843 Std=  0.057 0.04
18FL2EXTR a o SP= -0.070 Deta=  0.773 i i, e il Aba el R e R
21FL2EXTR 0 o 2
Status 0 -0.04-
22FL2EXTR O o st ]
3FL2SEED1 i 5 E § : £ -0.08-
3FL2SEED2 [ : 552 g -01"_
!Egggg A T e T e T T True T T T
3FL2SEED3 B E 0 2 3 4 5 6 7 8 9
isserne == OO
e . e
Enabled sP 0.55 ==
3FL2SEED7 v U [_ossH]
0.08
3FL2SASE3 ™™ Weight 1.005 S
3FL2SASE4 ™ = Y= 0431 Std=  0.071 0.04-
:Ex::: g g SP. o.m M.. o.m o_ ....°.... ...°...v°....°..‘.....°v...°...°..‘.°
3FL2SASE7 ) Status 0 .04
3FL2SASES 0o o % ;-g % 0.08]
3FL2SASES ) g i §§ g 3
3FL2SASE10 ™ [ ™ 3 358 E 012 T Tl T T T T
£0.5.8 0 2 3 4 5 6 7 8 9
3FL2SASET1 ¥ ¥ (OTTITTTITTTITTT
3FL2SASE12 oo
3FL2SASE13 | Common Data
3FL2SASE14 O O min limit -4.005 Z position: 148.88
max limit 4~°°E Idx. in RM: 0

Juliane Rénsch-Schulenburg
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Orbit feedback

FLASH. Print |
| General | Expert | inverseRM | BPMs | Correctors |
| FB onloff Name/idx Currents [A]
[(H]V idx sP RBV Initial  Delta min max Status
[JH2FL2EXTR 0 0000  0.000 0.000  0.000 350 | 350+ calibr. |
[ JHSFLZEXTR 1 0.000  0.000 0.000  0.000 350 [ asoH| caiibr. | N
[|H10FL2EXTR 2 0094 0093 0.094  0.000 as0= [ 3s0= calibr. | W |
[JH11FL2ZEXTR 3 0061  0.060 0061  0.000 350 | 350~ calibr. [
[JH16FL2EXTR 4 0411 0410 0411 0.000 50— | 350 calibr. Tl
[JH21FL2EXTR 5 0033 0032  -0033  0.000 as— [ ss0=  calibr. | Hl
[[]H22FL2EXTR 6 0023  -0.023 <0.023  0.000 aso— [ 3so[= calibr. | Wl |
Overview ] H3FL2SEED1 7 0319 0182 -0.319  0.000 aso [ 3so=]  caibr.
(V] HIFL2SEED4 8 0270 0462  -0.270  0.000 asof— | 3s@ calibr.
Orbit ‘ [ ]H3FL2SEEDE 9 0044 0025  -0.044  0.000 aso— [ 3so<  calibr.
[ ]H3FL2SEED7 10 0105 0100  -0.105  0.000 350 [ 3s0f calibr.
Correctors [
Enabled 2 Avail. 2
H2FL2EXTR
["] Enabled Feedback [A] : Magnet svr. [A] : Static Infos: Status: Debug:
0.000 set error
[] Update now RBV 0000 RBV : Idx in RM 0.00 P
SP 0000 SP 9900 Zpos.: 148.10 it ot
(] setDC DC 0000  max 3.50— out of range e
Delta 0000 min -3.50— . Timing
=i e Extended
Weight 100 DAQ not ok - e
inactive ©
Status ok 2
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Orbit feedback

o Print
FLASH.
| General | Expert | inverseRM | BPMs | Correctors |
| FB on/off Name/idx Currents [A] Read all
[(H |V idx sP RBV Initial  Delta min max Status
E] V3FL2EXTR 0 0.000 0.000 0.000 0.000 -3.50p~ 3.500— calibr.
[]VOFL2EXTR 1 0046  0.045 0046 0000 |-3.50 | 3.50/~ calibr.
[JVIFL2EXTR 2 0037  0.036 0037 0000 |-3.50— | 3.50~ calibr.
[]VI4FL2EXTR 3 0070  0.069 0070 0000 |-3.50— | 3.50~ calibr.
[]VI9FL2EXTR 4 04125 0128 0125 0000 |-3.50= | 3.50 calibr.
[[]V21FL2EXTR 5 0030 0029 0.030 0000 |-3.50 | 3.50} calibr. []
V3FL2SEED3 6 0157 0558 0157 0000 |-3.50 | 3.50 calibr.
L2SEED4 K A8 18 4 -3.50 | 3.50F calibr.
Overview V3FL2SEED4 7 0186 0187  -0.186  0.000 350 | 3.50F
V3FL2SEEDS 8 0033 0208  -0.033 0000 |-350~ | 3.50— calibr.
V3FL2SEED7 9 0231 0232 0231 0000 |[-3.50— | 3.50~ calibr.
Orbit m| El 3.50= 3.50=
Correctors |
Enabled 2 Avail. 2
H2FL2EXTR
[] Enabled Feedback [A] : Magnet svr. [A] : Static Infos: Status: Debug:
0.000 set error
[] Update now RBV 0000 RBV Idx in RM 0.00 ERiREl
sP 0000  SP 0.000 Zpos.: 148.10 dalta o0t oF
L] Setoe bc 0000  max 350 eut ofrange —
Delta 0.000  min -3.501=— . Timing
- no am E hll*d
Weight | 1.00/ DAQ not ok -
inactive Forectoa
Status ok BRMs
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Photon Diagnostics

Gas monitor detector slow-signal in operation.
Online spectrometer being commissioned.
Mirrors in operation.
Photon screen(s) in operation.

Gratin ectrometer (was) in operation.

General

FLASH2 Phofon Diagnostics - Tunnel Sectidn

STATUS Electrons inFLASH2 @  Undulatorfclosed absorferrso @  ps1 @ TR e

Absarber
P81
close

ciose 5 —EE
14mm o CeYAG open

e 3
_ I SDECt fflﬂer
Photonﬁux 6 <"’
SASEVsewer ] i |:|
R | Attention: Please
= move ina screen, if

profile spectrometer is nnt
used

General FLASH2 tunnel stuff e Details on Photon

Program:  Linac Setup

" General | expert | :;m?:\engm zat.Unmem:ﬂ ey Dlagnostlcs |n tWO

Energy: 12
Timing for the PhDiag Cameras Help & Links Bunch RepRate 1003 kHz k b M
Bunches per Train: 1 Wee S y L]
Bunch charge: 0.00 nc
UTCA timing | Diag 1 camera | Diag 2 camera | Link to FL2 Vacuum SPS | Ku h I m an n |

MCP camera | Arvid's CAM | Link to FL2 PHdiag elog |

Abs orber
Laser  Aperture 1 Detector 1 Aperture 2 MCP Detector 2 Aftenuatar
eenl

Screen2

Spectrometer PCO | General tunnel stuft |

Vacuum I
Motor controls 10 boxes Vs

PhotonDiag-Motorboxes Link to FL2 Vacuum SPS |

PhotonDiag- |0 boxes |

PhotonDiag-Encoder

PhotonDiag-Motor settings

Motorboxes help

Link to FL2 PHdiag elog |
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Commissioning/Setup

FLASH1: Maintenance/ 5h, Machine Setup (use settings from Feldhaus/Dziarzhyt:
s FLASH2: Simultaneous Operation
Free-Electron Lasar FL EMEREE e D
= ® Th-15h
32015 = o FLASH1: Maintenance/ 5h, Machine Setup (use settings from Feldhaus/Dziarzhytski experiment)
/ 3h
@03.11_?\!1 © FLASHZ: Simmltanecus Operation
@02_11 n ® 15h-23h
@02_11 a © FLASH1: SASE tuning (~9.9 nm, use settings from Feldhaus/Dziarzhytski experiment)/ 4h, Statistical
@ 0211 M analysis and optimization of FEL performance ~3.9 nm (FL1 + FLZ)/ 4h
44 o FLASHZ2: Simultaneous Operation

= | * 23h-Th

[:Iﬂ o FLASH1: Wavelength change (10.4 nm +/- 0.1 nm, 400 bunches 1 MHz, > 100 ud)
o o Linz: Simisanens Gerasion > Most setup FLASH2

gm Wednesday, November 4 . . .

39 » 7h-15h I d I d b
D38 o FLASH1: SASE tuning (10.4 nm, 400 bunches 1 MHz, > 100 uJ)/ 4h, VUV Raman at FLASH (10.4 InC u Ing aSI ng One y
@37 nm, 400 bunches 1 MHz)/ 4h
85 o FLASEZ: Tests Undulator server
@35 » 150-23h F LAS H O e rato rS
324 o FLASH1: VOV Raman at FLASH {10.4 nm, 400 bunches 1 MHz) .

i e ! o FLASH2: Tests Undulator server
32 » 23h-Th
a o FLASH1: Compensation of Steerer Crosstalk betwen FL1/FL2 in Septum Area

.
330 " o FLASHZ: Compensation of Steerer Croastalk betwen FL1/FLZ in Septum Area > O n Iy ded I Cated
T An

= H Thursday , Hovember 5
View Current * 7Th-15h :
Show only FLASH1 o FLASH1: Operator Training/ 4h, SASE tuning (10.4 nm)/ 4h StudIeS/teStS done by
Show only FLASH2 o FLASH2: Long pulse trains

® 13h-23h
Logbook Search o FLASH1: XUV pulseduraticon measurement with THz - streaking (10.4 nm, 1 bunch) eX e rtS
Logbook Help o FLASH2: Simmltaneous Operation p u

® 23h-Th

o FLASH1: Commissioning of BL1 KB focusing system and new VMI spectrometer for the CAMP Endstation

Op. Schedules {10.4 1m, 1 bunch)

oo e s e tn > Programs of FLASH1 and

Friday, Howvember &

e 7h-15h I I 1
TTF | FLASH safety © FLASH1: BL-Commissioning (10.4 nm)/ 4h, SASE tuning (10.4 nm, 400 bunches 1 MHz)/ 4h FLAS 2 nOW aIWa S In
il o FLASHZ: Undulator Tapering

® 15h-23h

Remote Access o FLASH1: VUV Reman at FLASH (10.4 nm, 400 bunches 1 MHz) m I

Printer: ttflog o FLASHZ2: Undulator Tapering para e OSt y u rl ng
s 23h-Th

DOOCS o FLASH1: VOV Raman at FLASH ({10.4 nm, 400 bunches 1 MHz)/ 4h, SRSE tuning (10.4 nm, 30 bunches

290 R user runs FLASH1).

Saturday, November 7

s Th-15h
o FLASH1: THz-Commissicning {10.4 nm, 30 bunches 200 kHz)
o FLASH2: Simultaneous Operation

» 15h-23h
o FLASH1: THz-Commissicning (10.4 nm, 30 bunches 200 kHz)/ 4h, Wavelength Change (13 nm)/ 4h
o FLASH2: Simultanecus Operation

® 23h-Th
o FLASH1: S5ASE tuning (13 nm)
o FLASHZ: Simultaneous Operation
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Tunability

F LAS H 1 . Rupp, 13.57nm+/-0.05nm, 1bunch, 150fs, max uJ, BL1, SD

Free-Electron Laser FLASH SASE Delivery

['Elcé beam charge at toroid 3GUN Bunches Beam Energy

0 1 669.9 MeV

03 Charge Wavelength

02 0.42 nC 13.5 nm

o1 Rep.Rate SASE Energy FLASH1: 13.57 nm for users
3:.113.1"1015 015 1412015 1472015 201 kHz 204.5 [.IJ

[gala SASE single pulse energy

250
200
150
100

50.:

0 L
16 h 20h 111, 2h 5h 8h 11h 16 h
31.10.2015 31.10.2015 2015 1.11.2015 1.11.2015 1.11.2015 1.11.2015 1.11.2015

ACC1 ACC33  ACC2-3 ACC4-7 Smm $mm BL3 BL2
. BL1
¢ PG2

o— PGO
PG1

01. Nov. 2015 15:11:03.000
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Tunability

FLASH1

Free-Electron Laser FLASH

Rupp, 13.57nm+/-0.05nm, 1bunch, 150fs, max uJ, BL1, SD

SASE Delivery

FLASH2

Free-Electron Laser FLASH

Development
Simultaneous Operation

[rbcg beam charge at toroid 3GUN Bunches Beam Energy [':)cil beam charge at teroid 3GUN Bunches 10 Hz || Beam Energy
i 669.9 MeV 04 690.3 MeV
03 Charge Wavelength 0.3 Charge Wavelength
0.2 . 0.2 .
0AZne 13.5 nm 0.27 nC 10.0 nm
01 Rep.Rate SASE Energy 01 Rep.Rate SASE Energy
0 0
16 h 1.11. S5h 16 h 16h 1.11. 5h 16 h 1003 kHZ
31.10.2015 2015  1.11.2015 1.11.2015 201 kHZ 204'5 pJ 31.10.2015 2015  1.11.2015 1.11.2015 0'1 l"IJ
il FL2.TUNNEL/PHOTONFLUX.UJ
[5'6'3 SASE single pulse energy [gil'
250 400
300
200
100
— [ o B s —
i 16 h 20h 1.11. 2h 5h 8h 11 h 16 h
31.128_';'015 ;ﬁ1115 1_1121"015 1,1152ho15 1_118_2r515 1_1111_2'1')15 1_111'_52'(']15 31.10.2015 31.10.2015 2015 1112015  1.11.2015 1112015  1.11.2015 1.11.2015
ACC1 ACC39  ACC2-3 ACC4-7 Smm Smm BL3 BL2 ACC1 ACC39  ACC2-3 ACC4-7 t4men 14w FL26 FL25
[T o o BL1 um.—\*,'\ [T e FL2
PG2 T N
i id s PGO ‘ | ud I seartare rourt FL22fL23
PG1 o I == o Ry FL21
01. Nov. 2015 15:11:03.000 01. Nov. 2015 15:11:34.000

FLASH1: 13.57 nm for users
FLASH2: large variation in intensity from 350 to 1 pJ
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Tunability

'FLASH1

Free-Electron Laser FLASH
[1603 beam charge at toroid 3GUN
5

FLASH1: 13.57 nm for users
FLASH2: Wavelength scan from 40 to 10 nm

Rupp, 13.57nm+/-0.05nm, 1bunch, 150fs, max uJ, BL1, SD

SASE Delivery

Bunches

0.4
0.3

1.11. 5h
2015  1.11.2015

16 h
31.10.2015

1

Charge
0.42nC
Rep.Rate

201 kHz

16 h
1.11.2015

Beam Energy

669.9 MeV

Wavelength

SASE Energy

204.5

lg(ﬂ SASE single pulse energy

250
200
150
100

50.

\

FLASH2

Free-Electron Laser FLASH
[rBCJ beam charge at toroid 3GUN

Development
Simultaneous Operation

Bunches 10 Hz

1.11,
2015

16 h
31.10.2015

5h
1.11.2015

1

Charge
0.27 nC

Rep.Rate

1003 kHz

16 h
1.11.2015

Beam Energy
690.3 MeV

Wavelength

10.0 nm
SASE Energy

0.1 pJ

[ghjl FL2.TUNNEL/PHOTONFLUX.UJ

31800015 % 148 his  1athhis  1afRes  1aV2hs 148 .6.5'9 31405015 2005 1492015 1412015 1412015 141205 1112015
ACC1 ACC38  ACC2-3 ACC4-7 o S BL3 BL2 CC1 ACC39  ACC2:3 ACC4-T = B FL26 FL25
A I BL1 M r ] s e FLZ
H*' \J [T f_ f‘ PG];GZ \“ naars R— FL22FL23
| == (o= [ — PG = = = B FL21
01. Nov. 2015 15:11:03.00(/ 01. Nov. 2015 15:11:34.000
400 40\ T T T T T
350 ” . u -
300 < _ 300 N |
Lap)
250 * g =
200 \A >
2 200 _
L )
100 ’ LL] Ny
[%2]
50 » S 100 .
O T T T ‘ I“ ’I &
7, 7 7. 7 7 7
N I ol " o ,
Ve e B, B, B, B, %, 10 20 30 40
7 7 o) R -3 7. Q.
Yo, Py 0% TS TS Wavelength (nm)




FLASH1: 13.57 nm for users

Fast TUﬂablllty FLASH2: Wavelength scan from 40 to 10 nm
400

26 wavelength in

55 minutes
350 40m 30m

RS ¢ -> change
300 LN . ¢ ¢ 28nm wavelength in a
¢ 1nm step took in
* e average 2

250 .

minutes

. 23 nm
200 .
2
150 * 20 nm
19 nm
100 L 4
L 4
50 ¢ 16 nm
¢ 15nm
0

11:38 11:45 11:52

12:07 12:14 12:21 12:28 12:36 12:43 12:50



Wavelengths reached

Complete wavelength ranges have been 0r = 055057 GeV:22-60nm| |
covered: 50 [ ~ @ 0.68-0.70 GeV: 11 - 40 nm
- Sometimes without GMD —~ | ) o l08CeV10-20mm) ]
e Sometimes with pulse energy below 50 puJ g 50 L ]
N
= |
(@)) 40 B -
% L
| |
Open symbols for 2.5 kA = - ]
Filled symbols for 1.5 kA = “u.‘“% _
70l j T T T ) T T T T | — T T T ] 10 k .“0‘.‘“ |
- —0—0.55 GeV: 16 - 70 nm — e
60 | o 070 GeV- 10 - 42 nm i 8 10 12 14 16 18 20 22 24
—~ L —A—1.00 GeV: 6 - 21 nm
€ 5ol ~© 1.15GeV:5-15.5nm ] Gap (mm)
E .
%) 40 i Wavelengths reached with >50 puJ
S 30Ff 1
F>J L
3 20} |
; 10 | i
O " 1 " 1 " 1 " 1 " 1 " 1 " 1
8 10 12 14 16 18 20 22

Gap (mm)

24
Juliane Ronsch-Schulenburg | FLASH Il | 2016-03-22 | Page 26



Wavelength reached at FLASH 2

ga g o
o U o
o O O

Ise energy (uJ

pu
=N
a o
o O

100

max.

600
This includes measurements of experts 500
as well as from the shift crew .
'3 400
N’
>
2 300
©
2 200
)
q@ 100
i)
> 0
| | [ | FLI
i EEEREE
——(394 +/- 1) MeV
—h— (414 +/- 3) MeV |
—@—(572 +/- 1) MeV  —
——(800 +/- 1) MeV
+ =#—(1130 +/- 1) MeV |
/ | ,/xi

0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8OJ

wavelength (nm)

100

wavelength (nm)

FLASH1

394 MeV
414 MeV
572 MeV
800 MeV
1130 MeV

41.5 nm
37.6 nm
19.7 nm
10.1 nm
5.0 nm

39.6 nm — 80 nm
35.9nm - 80 nm
18.8 nm — 58.2 nm
9.6 nm — 29.7 nm
4.8 nm —14.9 nm

5 90
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Tunability: study by expert(s)

400 ! | ' | ! | ! |
0.7 GeV Beam Energy |
L (13.5 nm at FLASH1) .
a 300 - - 4 For same shift we have:
=. - * Pointing
; » Divergence
@) e Spectra with OPIS and
— un .
@ 200 |- Ny = 7 grating spectrometer
C -
LL]
) =
£ 100 | n i
-
ol
m Last 2 undulators tapered
0 ) 1 ) ] ) ] ) | A
10 15 20 25 30 35

Wavelength (nm)
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Tunability: setup by operators

450F | | | | -
400 | . -

A350- o . 1 Comparison taper/no taper

uJ

- { At short wavelength,
® 1 optimization is needed.

(
N W
g O
o O

200 | . . _
150 [ i
100 p
= No taper | 4
: ] e Taper

Pulse Energy

a1
o
|

10 15 20 25 30 35 40
Wavelength (nm)
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Tapering of undulators

103 § T T T T T T 3
- FL2 /::; T T T T T T T T T T
10%4 30 nm ] ggz |
§ 680 MeV § ] nm )l
10 ] 400 680 MeV —
NN ] 2
ut LUS
10" 3 / 3 2001
1 2 : l/./
O 3 ./ 3
i
10-3 T T T ¥ T T T T T T /.
2 4 6 8 10 12 o+——"
# module 6 7 8 9 10 11 12
saturation point # module
. — Untapered case:
s0]  hL2 - | 220 uJ after 12 modules
— ggormev /\ 100 uJ after 9 modules (saturation point)
X _
& 20 Linear tapering: 440 uJ
-% | 1 Quadratic tapering: 440 uJ
2 v { Increase of output pulse energy over saturation is x4
E 10 Increase of output pulse energy at full undulator length is x2
¥ ./'\- >.<: . .
S Courtesy M. Yurkov & E. Schneidmiller
0 T T T T T T T T T T
2 4 6 8 10 12 Juliane Ronsch-Schulenburg | FLASH Il | 2016-03-22 | Page 30
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Outlook

Continued commissioning

» Further education of operators.

« Commissioning of photon diagnostics (see M. Kuhimanns talk).

e Commissioning of CRISP5 (right now theere is no bunch length
measurements at FLASH?2).

e Steps in the gun

« Wider ranges of charge differences between FLASH1 and FLASH2.

» Further optimize and automatize undulator server.

* Energy server, orbit feedback, ...

 Beam Based Alignment, Optics studies

* Influence of varying conditions FLASH1 (bunch number) on pyro signal of
FLASH2

« Lasing at short wavelength

User operation
» First users starting from April

Thanks
» To all the operators
« Special thanks to B. Faatz, he did most of the work presented here
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