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First lasing FLASH2: August-20, 2014

FLASH

FLASH1 lasing in parallel
with 250 pulses
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FLASH.

() Free-Electron Laser
in Hamburg

> TESLA Test Facility (TTF) Linac constructed at DESY in mid 1990’s

= to test experimentally high gradient superconducting accelerator technology
in the framework of the TESLA linear collider project

= to drive a pilot VUV SASE free-electron laser (TTF-FEL)

= wavelength range from 80 nm to 120 nm ;1000 Lasing at 6.5 nm 10/2007
> FLASH constructed 2003-2004 %soo— Lasing at 13 nm 412006

= first lasing in January 2005 (32 nm) ";J sool Lasing at 25 nm 12/2005

= user FEL facility since summer 2005, § Lasing at 32 nm 1/2005

first user facility in VUV range worldwide g0 I TR/t T
w First Lasing 2/2000, Saturation 9/2001
= wavelength range from 13 nm to 47 nm B 200} FuasHundulstor T gl .
20 40 60 80 100 120 140 160 180 00 800

> Energy upgrades ) FEIjWa:rele:\;th gnm)1 )

= summer 2007: Electron beam energy up to 1 GeV — photon wavelength down to 6.5 nm

= 2009-2010: Electron beam energy up to 1.25 GeV — photon wavelength down to 4.1 nm
> Second undulator beamline (FLASH2) constructed 2011-2014
= first lasing in August 2014
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in Hamburg
> TESLA type superconductin
| ~ 3 harmonic sc module 3.9 GHz | accelera“n’épmodﬁ,es 15 Gy > FLASH1 fixed gap undulators > FLASH1 Experimental Hall
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> FLASH2 Experimental Hall

| > FLASH2 variable gap undulators
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| > Extraction to FLASH2 |

> Normal conducting 1.3 GHz RF gun

> CeyTe cathode
> Two Nd:YLF based ps photocathode lasers




FEL Radiation Parameters
Wavelength range (fundamental) 4.2 —-45nm
Average single pulse energy 10 — 500 pdJ
Pulse duration (FWHM) <50 -200 fs
Peak power (from av.) 1-3GW
Pulses per second 10 — 5000
Spectral width (FWHM) 0.7-2%
Photons per pulse 1011 - 1073
Average Brilliance 107 - 102" B*
Peak Brilliance 102°— 103" B*

* photons/s/mrad?/mm?2/0.1%bw
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FLASH

nawmare

FLASH, &
what a picture!

0
H.N. Chapman et al., Nature Physics 2 (2006) 839

namure

photonics

Entering the
wiater window

more than 200 publications on photon science at FLASH, many in high impact journals
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in Hamburg

> Modification FLASH1 beamline from the last
accelerator module to the collimator section

= kicker-septum system installed to extract FLASH2 beam

> |nstallation of FLASHZ2 Extraction beamline

> Hardware upgrades of control systems

= personnel interlock system, LLRF, magnet controls
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> Ground settlement up to 10 mm expected due to heavy load
= new FLASH2 buildings

= filling up the “Triangle” with some kilotonnes of sand

> Complete FLASH1 beamline surveyed and
re-aligned in summer and autumn 2013

T SASE nuxo's_ _

FLASH.

Free-Electron Laser
in Hamburg
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> Operation of FLASH linac started in August, 2013
= in September, mainly beamline survey and alignment

> Stable FEL operation re-established by end of 2013

0 : :
:07:30 19:08:30 19:09:30 19:10:30 19:11:30 19:12:30 19:13:¢
time [hh:mm:ss]

> New record of FLASH SASE performance: o————=

= including re-alignment and commissioning
of photon beamlines

uJ/pulse

up to 540 pd at 8.7 nm 300
> Commissioning of upgraded control systems ..
- UTCA based LLRF system ° :
" magnet controls e e e SRR A
= timing system for simultaneous operation :E ﬁ i | st s
> New electron beam optics implemented v

30,

= for simultaneous operation of FLASH1 and FLASH2

O'Uﬂf) T sh. T 100, 130, 200, 230
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Free-Electron Laser
in Hamburg

> 5% yser period from February 2014 to April 2015

> Examples of realized beam parameters FLASH g S0/ 207 002 00 00 e

Bunches Energy

2 1231.0 MeV
= 400 pulses (1MHz spacing) at 7.8 nm and 13.5 nm 0.25 nC 4.3 nm
= 50 pulses (200 kHz spacing) at 42 nm _ 200 ki 50.3 uJ
= 40 pulses (100 kHz spacing) at 15 nm & |
= Single pulse at 4.3 nm .

28%6Ma  2ste M4 zsS6Ma 2856014 2864 ze6ma 28604 26%Mhe 2d%Ma 26%Ne 2SN Wk

> Many experiments request in addition

Transverse deflecting cavity with kicker and off-axis screen:
u Short pulses (< 50 fS) On-line monitor for electron bunch length measurement
. golf ] L] peakcumen
= small spectral bandwidth ( < 1%) g o &
& k= [ 2000
. . - §_ . 5 1500
= small arrival time jitter (down to 20 to 40 fs level) E - S
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- 400 pulses at 13.5 nm A : ' Bunch length rms (fs) |
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> Construction of new buildings 2011 - 2014

> Mounting of electron beamline started in summer 2013,
finished January 2014 (inclusive undulators)

> Basic photon diagnostics installed
= MCP, Ce:YAG screen, spectrometer

> First photon beamline in experimental hall in 2015

Katja Honkavaara | FEL Conference 2014 | August-27, 2014



A Jperatio aArtec

Official permission for FLASH2 beam operation
February-7, 2014

Electron beam operation started in March 2014
= first electron beam in extraction March-4, 2014

= first beam to dump May-23, 2014

= only few days available for FLASH2 beam operation
before simultaneous operation established

Simultaneous operation of FLASH1 (SASE) and
FLASH2 (electron beam) starting end of May 2014

= FLASH2 runs now in parallel to FLASH1 whenever possible,

mainly during FLASH1 photon user experiments

— time available for commissioning increased significantly

= dedicated FLASH2 beam time reserved as well

First lasing: August-20, 2014

FLASH

Electron beam on 4FL2EXTR
March-4, 2014

>

Electron beam on 3FL2DUMP
May-23, 2014

Photon beam on FL2 CE_YAG

~August-20, 2044—

o
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Electron beam transport up to dump routinely
On-going commissioning tasks
= beam loss monitors and machine protection system

= electron beam diagnostics (screens, toroids, BPMs)

= beam optics, matching, dispersion

Next step: SASE commissioning

FLASH
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> Take advantage of superconducting accelerator: long RF pulse (1 ms)
- FLASH1 and FLASHZ2 share a long bunch train, both served at 10 Hz
> Flexibility for photon experiments

= Different wavelengths

- FLASH1 (fixed gap undulators): requires change of electron beam energy

- FLASH2 (variable gap undulators): change of undulator gap

- small electron beam energy changes independently for FLASH1 and FLASH2
= Different photon pulse duration

—> different bunch compression and different bunch charge

= Different pulse pattern
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> Fast kicker and Lambertson septum to extract a part of bunch train to FLASH2

k Main Rep Rate: 100 Hz FLASHZ rate: 1.0
446‘,3, FI-ASHp T
e 30 us Enable: [ Enable: [
FLAS H 1 99 ms (1 O HZ rep'rate) (kiCker) Close Shutter: D Close Shutter: ]:I
Number of Bunches: ::é H Number of Bunches: :::]: H

Repition Rate: : H Repition Rate: = H
Max. Charge: mﬂ H Max. Charge: mﬂ H

> Two injector lasers: FLASH1 and FLASHZ2 bunch pattern e

RF-pulse flat-top 800 ps

1. Bunch Position: 1. Bunch Position: 1350 s

Max. Bunch Duration: Max. Bunch Duration: us

and bunch charge selected independently

\"

Flexible RF-system: amplitude and phase adjusted
- in certain limits - independently for FLASH1 and FLASH2

RF-pulse amplitude

/svn/FLASH/LLRF/Overview/Flash12_overview.xml| FLASH.RF/LLRF.CONTROLLER//

MAIN.GUN Amplitude
) MAIN.ACC1 MAIN.ACC39 MAIN.ACC23 MAIN.ACC45 MAIN.ACC67 130
Flash1 Flash 2 Flash1 Flash 2 Flash1 Flash 2
Flash1 Flash 2 Flash 1 Flash 2 Flash 1 Flash 2 1254 FLASH 1
[ Enable ResetFiash2 | v|Enable  (ResstFiash2| [v/Enable ~ ResstFlsh2| [vIEnable  Resetflsh2| [v]Enable  [ReselFiash2| []Enable ot ~™ FLASH2
e 33 0885 16800 163.30 (8930 01930 a0 363.50 5656765 et I —
O I I o T [ b [ <> <——>
Phase - 8.00 -..8.00  +°°3.38 $.02.70 2"1a.30 - 14.00 3715.30 +.16.30 +.°0.00 +..0.00 i
nnn 105 300 ys 450 ps
Start 150
Reset vETY 700 1050 700 1050 700 1050 700 1050 700 1050 1004
i66.65 i69-69 166.89 i66.59 166.63 i49.38 o5 1 o w0
Expert Flash? Expert Flash2 Exqert Flash Expert Flash Expert Flash? abo ebo slo 1000 1200 1400 1600 1saau
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> Simultaneous FLASH2 electron beam operation and FLASH1 lasing
established for several different FLASH1 photon wavelengths

= FLASH2 runs in parallel to FLASH1 whenever possible
= Important: parallel set-up of FLASH1 and FLASHZ2 operation essential

> First simultaneous SASE operation on August-20, 2014
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FLASH & Heberle/Laarmann, 4.3 nes/- 0.05 nm, 1 bunchies), $0-1007s, 30 Wi
ogram:

> FLASH upgraded with a second undulator beamline 3 MM T
N

> FLASH1 back in user operation
= 5t user period from February 2014 to April 2015
> FLASH2 beam operation started

e ot bt albhe oiife ade oS ofbhe ofShe cBihe W

= first electron beam to dump in May 2014
= first lasing August-20, 2014

> Simultaneous operation established

= FLASH2 commissioning mainly in parallel
to FLASH1 user operation

[raCl FLASH.DIAG/TOROQID/3G! [rg:l FLASH.DIAG/TOROQID/2UI [rg:; FLASH.DIAG/TOROID/10I
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