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FLASH

FLASH at DESY Hamburg Free-Elactron Laser

In Hamburg
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= 1stperiod: Jun 2005 — Mar 2007
= 2nd period: Nov 2007 — Aug 2009
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FLASH

Free-Elactron Laser
In Hamburg

FLASH design goals reached in 2007

Lasing with a complete bunch train of 800 bunches at 13.4 nm

GMD - gas monitor detector - signal
time [hhomm:ss]
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Electron beam energy of 1 GeV and lasing at 6.5 nm
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FLASH

Organization of beam time Free-Elactron Laser

In Hamburg

> FLASH runs 7 days / week, 24 hours / day
> beam time overbooked — by a factor of ~ 3
= 2nd yser period: Nov-26, 2007 — Aug-16, 2009

= ~ 300 days has been scheduled for user operation

= distributed in 4-week blocks g
TAan - 13.Jan |4
> between user blocks: study weeks Y~
) ] 4 21.Jan - 27.Jan |2 FEL studies
= FEL physics studies |February 5 | z8dan -3Feb |2
8| 4Feb - 10Fe |3 _
= improvements of the FLASH facility 7 | 11Feb - 17 Feb |1 User Run
a 18.Feb - 24 Feb 1
= preparation of the next user block 9 |25Feb - 2Mar |
|March 10 IMar -S9Mar 1
= general accelerator studies 11| 10Mar - 18 Mar |2 FEL studies
12 ] 17.Mar - 23.Mar |2
2-3 weeks three times per year 12 | 24Mar -3Jan |3
related to e.g. XFEL and ILC April 19§ 31.Mar - B.Apr |1 User Fun
15 T.Apr - 13 8or |1
18 14.4pr - 20807 |1
17 ] 21.4pr - 27 8or 1
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FLASH

Time distribution during 2" user period Free.Electron Laser

In Hamburg

Nov-26, 2007 — Aug-16, 2009
Accelerator

studies 10% Scheduled off 8 %

FEL studies + user
preparation 32 %

FEL user experiments 50%
~ 7600 hours

SASE FEL radiaton [
delivery 75 %

Tuning 14 %

Set-up 1 %

> up-time during user experiments: 93% Down 7 % Scheduled off
(maintenance) 3 %

e
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Different user blocks FLIT.&SE..

In Hamburg

2007 2008 2009

SASE M |79 75 |67 | 69 | 68| 81 | 78 | 79 75 | 75 | 90

Tuning 14 | 13| 16 | 24 | 18 | 21 12 | 13 | 13 12 7 3}

numbers in %
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FLASH

Free-Elactron Laser
In Hamburg

Intensity, position, etc. Quality 8%
Wavelength 17% narrow bandwidth, exact
changes 55% wavelength, etc.

After failures 7%

After maintenance 6%

Single, multi,
Other 2% (long), rep.rate 5%

Time used for wavelength changes / week

50 - scheduled 48 hours to setup
5% harmonic of 8 nm

> wavelength has been changed ~ 140 times

= not much improvement in the time required
for wavelength change (typically ~ 2 hours),
but more wavelength changes done by
‘standard’ operators / shift crew

10 20 30 40

# user week
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FLASH

Photon wavelengths Free-Electron Laser

In Hamburg

= more than 30 different wavelengths between 6.8 nm and 40.5 nm delivered for users

> most requested wavelengths
= shortest ones (7-8 nm)

= around 13 nm (availability of multilayer mirrors)

> experiments using higher

2500 - Wavelength delivered to users i harmonics

0 = 3 harmonic of 7 nm

§ 2000 7 = 5" harmonic of 8 nm

c = 3 harmonic of 40.5 nm

Y i

8 1500 > shortest wavelength delivered

8 i = 1.59 nm (5 harmonic of 7.97 nm)
1000

&

-

Z

500

] . ] ) I,
10 15 20 25 30 35 40

Wavelength (nm) Honkavaara / Faatz / Schreiber | FLASH Seminar | 13-Oct-2009




Down time during user experiments

FLASH

Free-Elactron Laser

RF stations 34%

klystrons, modulators, transformers,
preamplifiers, waveguides
78% due to two old RF-stations

/-
Others 16% -

incidents or failures happened
only once or very rarely

In Hamburg

Total downtime 7%

Infrastructure 18%
power, water, air conditioning,
temperature stabilization

Magnet PS 8%

LLRF 3%
Cryogenics 4%
Photon beam
Control system 4% lines 5%

Photocathode
laser 8%
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FLASH

SASE performance

Wavelength range (fundamental) 6.8 —47 nm
Average single pulse energy 10 — 100 pd
Pulse duration (FWHM) 10 -50 fs

Peak power (from av.) 1-5GW

Average POWET (example for 500 pulses/sec) ~15 mW

Spectral width (FWHM) ~1%

Peak Brilliance 102°-1030B

T B = photons/ (s mrad? mm? 0.1%bw)

time [hh:mm:ss]
T

Multibunch SASE
signal (pJ)

1 [ max

41 I single
B average

0 5 10 15 20 25 a0
[ 10 x ps ] (BDA)
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SASE performance anelr.ﬁosg..

In Hamburg

all wavelengths included

Week | Average SASE Fraction long Collimation
level (uJ) pulse trains <=1mm

2007 | 48-51 18 2 %

2008
maximum
2009 bunches limited

to 30 / train

Honkavaara / Faatz / Schreiber | FLASH Seminar | 13-Oct-2009
* reduced to 30 bunches due to energy / charge chirp



Unstable operation summer 2008 FLIT.&SE..

In Hamburg

[TTF2 . UTTL/UND . WIRE/21SEED.R_DOWN/X]

TTEZ.UTILAUND . WIRE/SUND1.R_DOWN/X
TTFZ_.UTIL/UND.WIRE/SUNDI1.R_UP/X

20 A2 3 e 2 Bl
2008 2008 2008
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FLASH

Example from August 2008 Froe-Electron Laser

In Hamburg
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Example from Summer 2009 Fﬂ?ﬁsﬂ.

In Hamburg
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FLASH

Improvements Free.Electron Laser

In Hamburg

phase gun [deg]

>

>

main improvements

= LLRF, especially RF-gun: improved vector sum calibration
= cathode laser stability: improved master rf signals, changed optics + exchanged BBO

= education of operators, improvements of tools and operation panels
on-going improvements

= feedback for pulse train stability: RF and beam based

= beam based alignment, dispersion & orbit correction

= BPMs, especially in undulator

= online spectrometer / photon BPMs

RF -gun stablllty before and after recallbratlon phase stablllty improved by more than a factor of 2
. ! , 0.1

eg]

© ms = 0020deg|
0.05 : .

—0.05F -

phase gun[d
=

rms = 0.052deg ‘._
I

o ; ; ; ; ;

1 2 3 4 5 6 7 "0 1 2 3 4 5 8

time [min] time [min]
@/
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7/ nm FEL user run summer 2009

FLASH

Free-Elactron Laser

FLASH

[nC]
1.4

Program:

Bunch charge TOROID T1

In Hamburg

7.02 nm+/-0.05 nm, 30 bunches, 250 kHz, PG2, with PP Laser

User Run

Bunches Energy

1.2

Ta
0.8
0.6
0.4
0.2

0.
2£}$!b9

29.7.09

1_h

Server]

7_h
29.7.09 2

30 968.2 MeV

1.0 nC

—— Bunch RepRate ——

200 kHz 28.9 ul

TTF2 .FEL/BKR .FLASH.STATE/BKR .FLASH .STATE/SLOW . INTENSITY

/7.0 nm

[ =
'
.,uﬂ'l

[ul — Status
50.

Change of experiment

<—— 1 mm aperture ——»

1_h
29.7.09

PG1
15:51.01 29. Jul. 2009
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FLASH

FEL user experiments ol

world-wide unique light source

= in the wavelength range of 47 nm to 6.8 nm nature .
= ultra-short FEL pulses (femtosecond range)
= unprecedented brilliance

experiments on FLASH., .‘

= diffraction imaging wiiaga DICTREE!

= solid state-, plasma-, and cluster-physics

= femtosecond-chemistry, molecular-biology

single-shot measurements

QUANTUM NETWORKS
Photons fired in concent

pump-and-probe experiments

Femtosecond diffractive imaging with a soft-X-ray

~ 60 publications + ~10 submitted on photon o3t i

H.N. Chapman et al., Nature Physics 2 (2006) 839

science experiments performed at FLASH

= hasylab.desy.de/facilities/flash/publications/selected_publications
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FLASH

Distribution of study subjects Froe-Electron Laser

In Hamburg

Developments totally ~ 3600 hours

XFEL + ILC 25 %

> electron beam diagnostics and
instrumentation developments

New projects 22 %

beam dynamics
> infra-red (THz) undulator

synchronization system (incl. beamline and diagnostics)

HOM studies (incl. HOM BPM)

preparation of full beam loading
experiment

o

V V. V V

> optical replica synthesizer
> THzand CSR

FLASH 26 %

cathode and dark current studies

LLRF 20 %

> hardware developments

beam optics, dynamics, orbit > control and regulation

algorithms and software

Photon
diagnostics 7%

stability and feedbacks

VvV V V V

beam diagnostics (esp. BPMs)

Note: 2 weeks dedicated for full beam loading

experiment in September 2009 not included
Honkavaara / Faatz / Schreiber | FLASH Seminar | 13-Oct-2009



Full beam loading experiment in September 2009 anelr.c‘}osﬂu

In Hamburg

= demonstration of long-pulse high beam-loading operation

= ILC driven international collaboration
= important experiment also for FLASH and XFEL

= more details in the coming FLASH seminar

9 mA Studies
ACC studies KW37
Bunches

800 oress 848.0 MeV 1 stable operation with 800 bunches,
3.0 nC S — 3 nC at 1MHz (800 us pulse)

_1(;‘::;:'6 kH; no beam in undulator Over 1 5 hours

21 h ih 9h
16.9.08 1929.08 19.9.09 19.9.08

(ygresT b ot bunhes | > several hours of ~1600 bunches,
i ~ 2.5 nC at 3MHz (530 us pulse)
e = > 2200 bunches, 3nC (3MHz)

i for short periods

21 h 9. 3h 6 h h 1 18
16.9.00 2009 197909 199,00 19.9.08 19.9.00 5. 19.9.08

> beam power to dump up to 22 kW

Ll !II]]]]]IH » PGO
B: B I B 13:23.22 19. Sep. 2009
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Upgrade 2009/10 SLASH,

In Hamburg

> 5 months upgrade shutdown started September-21, 2009

= major modifications for the FLASH facility

= exchange of RF gun and ACC1, new steerers BC2 section
= installation 34 harmonic (3.9 GHz) module incl. RF system
= installation of a 7t accelerating module (ACC7) — 1.2 GeV (5 nm)

= installation of an experiment for seeded VUV radiation “sFLASH”
— replacement of electron beam line between collimators and SASE undulators (~ 40 meters)

= upgrades of RF stations (new modulators RF-2 and RF-3) and waveguide distribution

= upgrades of photon diagnostics

SFLASH +
redesigned electron beamline

new RF gun 3'd harmonic module additional RF station

élr"-—*-"ﬂ s §== L

exchanged 1st 7t accelerating module transverse deflecting cavity +

accelerating module spectrometer arm / tuning dump
Honkavaara / Faatz / Schreiber | FLASH Seminar | 13-Oct-2009

upgraded photon
diagnostics




FLASH

FLASH, October-9, 2009 Free-Electron Laser

In Hamburg
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FLASH. October-9, 2009 FLASH

In Hamburg




FLASH, October-9, 2009

In Hamburg
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FLASH

Free-Elactron Laser
In Hamburg

> FLASH is a world-wide unique light source

= in the wavelength range of 47 nm to 6.8 nm
= ultra-short FEL pulses (10 to 50 fs)

= unprecedented brilliance

> during the 2"d user period (Nov-26, 2007 — Aug-16, 2009)
~ 7600 hours of beam time was scheduled for user FEL experiments

= up-time 93%, SASE delivery 75%

> several tens of different experiments have been successfully carried out
> many improvements stabilizing SASE performance

> upgrade shutdown started end of September 2009

= commissioning of the upgraded facility in spring 2010

> 3 FEL user period starting in summer 2010
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