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FLASH Facility 2020 — two beamlines act in tandem

TESLA type superconducting accelerating
| 34 harmonic sc module 3.9 GHz | modules 1.3 GHz

FLASH1 fixed gap undulators |
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Normal conducting 1.3 GHz RF gun Extraction to FLASH2

Ce,Te cathode / 3 injector lasers
Siegfried Schreiber [ FLASH2020+ Kick-Off Meeting | 3-July, 2020 -
DESY | FLASH2 variable gap undulators

| FLASH2 Kai Siegbahn Hall




FLASH delivers >5000 XUV anc

TESLA type superconducting accelerating
| modules 1.3 GHz

| 3rd harmonic sc module 3.9 GHz
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FEL Radiation Parameter FL1 / FL2

soft X-ray pulses per second

| FLASH1 fixed gap undulators |

| FLASH1 Albert Einstein Hall |
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Wavelength range (fundamental)

Average single pulse energy
Pulse duration (FWHM)
Peak power (from av.)
Pulses per second

Spectral width (FWHM)
Photons per pulse

Average Brilliance

Peak Brilliance

42 —-51nm / 4-90 nm

10 — 5000
0.7-2%/05-2%
101 _ 1014

107 — 102 B*
1028 103! B*

5 MeV 150 MeV 450 MeV

Normal conducting 1.3 GHz RF gun

Ce,Te cathode / 3 injector lasers
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TESLA Linear Collider Project

« TESLA Test Facility (TTF) was constructed in the mid 1990’s
at DESY to test the feasibility of superconducting accelerator

%) 7.12.1995
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Elektron-Positron-Linearcollider
mit integrierten Réntgenlasern ‘

https://tesla.desy.de/

technology in the framework of the TESLA Linear Collider project

The TESLA Road Map
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TESLA Linear Collider Project
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« TESLA Test Facility (TTF) was constructed in the mid 1990’s

at DESY to test the feasibility of superconducting accelerator
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TESLA Linear Collider Project B s

Elektron-Positron-Linearcollider
mit integrierten Réntgenlasern
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TESLA Linear Collider Project

« TESLA Test Facility (TTF) was constructed in the mid 1990’s

at DESY to test the feasibility of superconducting accelerator
technology in the framework of the TESLA Linear Collider project 4
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The TESLA Collaboration

Increase cavity gradient from 5 to 25 MV/m - Reduce costs by a comparable factor

Common effort of almost all laboratories
using s.c. accelerating cavities, e.g.

* (CERN), Cornell, DESY, INFN, (KEK),
Saclay, TINL
» 53 partners from 12 countries
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Improved material quality check

-
1

e W i S L S A

New cavity preparation procedures
» 1400 °C annealing with a titanium getter

* ultra-pure, high pressure water rinsing

* high peak power processing

H. Weise ESFRI XFEL Workshop 30./31.10.2003

DESY. Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020



TESLA Test Facility

« TTF goes into Hall 3
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EAST
<

o NN £ NN
AP 2 By

N——
SRSy e ral A A A A A A

l‘dLA.._.al._

T
R oo B

utatets

o

CaCaA
atatats’

1T

Crye-Confrol

[

- = = A A
9 o e N T 3
& 45‘\\"//;. R [ I
G e e = “ = _':. i AR TR TR TR TR R Y
'_' ¥ 3 "\_I'-‘n\\ R S A L N A N S B T B N B N T A T S T a0 o A A B T 0 S S T N i 3 s Y| —
£ a0 o - . S—
‘!Z — e =S e i = —
i RN ..\'."/:..\-_‘y_-_,\'_’////////////ﬁ-y/////;/:i
%.,—;;;}% P =' “a B R R R B R B B S S S
L SMES
g - = O
2| L : = |
|
§ 1B - = ] ¥ i 1 1 1
- Ph 3734

Transportarea
S,

R
R

- e arn
: : Mechanical ] E E—
I!_ o Control Warkshop ‘E' [N Clean Room - S
§| workston || o g 1100 dq Db |4 r'S |:|
4 Hrovies LB
Pr TS T D fal Preparation fred
L e eparatio
C ®
weare] @ s ! I
g | T
LA LA] LA™ I

WEST

Figure 1.1: Layout of the TESLA Test Facility

SOUTH

TESLA Test Facility Linac
Design Report

Editor: D. A. Edwards

Version 1.0

1 March 1995

flash.desy.de/ -> Reports -> TESLA Reports 1995
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https://flash.desy.de/sites2009/site_vuvfel/content/e403/e1644/e1259/e1260/infoboxContent1768/tesla1995-01_CDR.pdf

First electron beam accelerated by TESLA type cavities —
8 mA within 800 us at 10 Hz with 217 MHz beam achieved
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First electron beam ‘accelerated by TESLA type cavities —
o e 4o, ey o :-__[;’”- with 217 MHz beam achieved
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From a Test Bed for TESLA to a VUV Free-Electron Laser

C I -
; | % ”
| gy [ P E Kryo-
™ 8
Anbau
4 MeV 16.5 MeV 120 MeV 250 MeV .
Experiments
Superconsducting TESLA with FEL Radiation
RF-Gun Booster Accelerating Modules Undulator /.
e N e e e
%LZ Bunch Bunch
Compressor Compressor

Laser
Beam Dump

<€ 125 m >
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TTF1 VUV-FEL with Injector Il — 1998 to 2002

4 MeV 16.5 MeV 120 MeV 250 MeV .
Experiments
Superconsducting TESLA with FEL Radiation
RF-Gun Booster Accelerating Modules Undulator

B =P o e <o

%LZ Bunch Bunch
Compressor Compressor
Laser

Beam Dump
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TTF1 VUV-FEL with Injector Il — 1998 to 2002

—

1Iser — Cathode — RF-Gun — Capture Cavity — Bunch Compressor BC1 — Module

o

4 MeV 16.5 MeV 120 MeV

Superconsducting T
RE-Gun Booster Accelerating Mod

Bunch
Compressor
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TTF1 VUV-FEL with Injector Il — 1998 to 2002

Laser —» Cathode — RF-Gun — Capture Cavity — Bunch Compressor BC1 — Module —
Bunch Compressor BC2 — Module — Collimator — Undulator — Experiment — Beam Dump

4 MeV 16.5 MeV 120 MeV 250 MeV .
Experiments
Superconsducting TESLA with FEL Radiation
RF-Gun Booster Accelerating Modules Undulator

!{Fré")“m%i\Electrd‘ Be
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TTF1 VUV-FEL — for the 1sttime worldwide SASE In

CCDImage (&3], 1 min. & mm &

B Feb-2000 109 nm

e I.
- &

4 MeV 16.5 MeV 120 MeV
Superconsducting TESLA D —

VUV

Experiments

“ with FEL Radiation

RE-Gun Booster Accelerating Modules

Undulator
SQ'Z Bunch Bunch
Compressor Compressor

Laser

Aug 1999 — Nov 2002

Operated in a wavelength range of 80 nm — 120 nm
to demonstrate the feasibility of SASE FELSs

in the VUV range for photon experiments
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TTF1 VUV-FEL — ended its operation in Nov 2002

Start of the construction of TTF2 and the VUV-FEL Facility

250 MeV )
Experiments
TESLA with FEL Radlatlon

dules Undulator
—%=== .\3 O

Beam Dump

r

TTF1 switched off 18-Nov-2002 06:57 h
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From TTF1to TTF2 — from a Test Facility to a User Facility

|§H Nuclear Instruments and Methods in Physics Research A 375 (1996) 269-273 —  NUCLEAR
INSTRUMENTS
NIMA 375 (1996) 269 & METHODS

IN PHYS ' The TESLA FEL Study Group: ASC Samara: E.L. Saldin, E.A.
RESEAR g hneidmiller; CE Saclay: A. Mosnier; DESY: R. Bacher, W.
Brefeld. M. Dohlus, B. Dwersteg, H. Edwards, B. Faatz, J.

A VUV free electron laser at the TESLA test facility at DES Feldhaus. k. Floumann. ‘A, Gamp, P Gurtler, K. Hanke, L.M.
Kieman, M. Leenen, T. Limberg, G. Materlik, T. Moller, J.

. Rossbach* Pﬂ.uger, D. Proch,_]. Rossbach, J. Schneider, S. Schrel_ber, M.
Seidel, J. Sekutowicz, C. Stolzenburg, K. Tesch, D. Trines, N.

Deutsches Elekronen Svnchrotron, Notkestr. 85, D-22603 Hamburg, Germany Walker, R. Wanzenberg, H. Weise, B.-H. Wiik. S.G. Wlpf
Fermilab Chicago: E. Colby, T. Nicol: INFN Milano: R.
Bonifacio, C. Pagani, P. Pierini. L. Serafini; JINR Dubna: A.
Molodozhentsev, N. Petrov, MV. Yurkov; Lawrence Berkeley
to be driven by the TESLA Test Facility (TTF) Laboratory: W.M. Fawley: Lawrence Livermore Natl. Lab.: T.

EI.SEVIER

for the TESLA FEL Study Group'

Abstract

We present the layout of a single pass free electron laser (FEL) _ -
under construction at DESY. The TTF is a test-bed for high-gradient, high efficiency superconducting acceleration Scharlemann; Los Alamos Natl. Lab.: J. Goldstein, R.L. Sheffield:
for a future linear collider. Due to its unrivaled ability to sustain high beam quality during acceleration, a superconc Max-Born-Institut Berlin: H. Rottke, W. Sandner, [. Will; Polish
linac is considered the optimum choice to drive a FEL. We aim at a photon wavelength of A = 6 nm utilizing the TT Acad. of Sciences Warschau: J. Krzywinski; UCLA, Los Angeles:
has been extended_to | GeV beam energy._Due to lack_of mir_rors and seed—laser:‘; il"l this wavelength regime, a sii J. Rosenzweig; Univ. Hamburg: C. Kunz. B. Sonntag, H.J. VoB;
FEL and self-amplified spontaneous emission (SASE) is considered. A first test is foreseen at a larger photon wa . . . o

. , , . - o Univ. Tomsk, Russia: Y. Nikitina.

The overall design as well as both electron and photon beam properties are discussed.
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Towards FLASH

Free Electron Laser

Experimental Hall | g ] . Beam Dump |
Linac and
s - Undulator Tunnel Tunnel as a
Transport Tunnel | _ : TESLA/XFEL mock-up
5 N A ~ -
G - e SSAANW
| Cryogenic Hall
: " .' ' TESLA Test Facilit
Experimental Hall - i Y 3
for EXPO2000 & T LIy N -

e B\ /ﬂx \ |E|E

3 m / ~ 1ot
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FLASH for World Exhibition 2000 — Switch on the Light

DESY. Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020



FLASH for World Exhibition EXPO 2000
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Construction of TTF2 and the VUV-FEL

Filling Tunnel
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Construction of TTF2 and the VUV-FEL

Filling Tunnel
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Construction of TTF2 and the VUV-FEL

Filling Tunnel

R
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Building TTF2 and the VUV-FEL

Flying modules
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Construction of TTF2 and the VUV-FEL

DESY. Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020



Construction of TTF2 and the VUV-FEL
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Construction of TTF2 and the VUV-FEL

e




Construction of TTF2 and the VUV-FEL

Flying modules through the hall
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Construction of TTF2 and the VUV-FEL

Flying modules through the hall
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Construction of TTF2 and the VUV-FEL
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Construction of TTF2 and the VUV-FEL
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Construction of TTF2 and the VUV-FEL

~4

\\lepx-Y/ 4

f s f ) 8 \ . %
5 " ' 4 < ‘5\ \‘
Bt )"
"




Construction of TTF2 and the VUV-FEL
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Construction of TTF2 and the VUV-FEL
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TTF2 VUV-FEL / FLASH —the 1St FEL in the XUV — 2004 to 2013

e Constructed in 2003-2004

* Regular User operation started summer 2005

RE Gun 5 modules powered by
Laser 3 RF-Stations Bypass FEL Experiments

Fixed gap undulators
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FLASH is entering the water window in 2007 nature
photonics

Entering the
water window

RF Gun 6 modules powered by THz Undulator — unique source
Laser 3 RF-Stations

FEL Experiments
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With a 7t Module FLASH achieved 1.25 GeV - 2009/2010

RF Gun 7 modules powered by
Laser 4 RF-Stations
V VY v vV Vv

FEL Experiments

Fixed gap undulators TH
N W (W (N

3.9 GHz Module
5MeV 150 MeV 450 MeV 1250 MeV

4.1 nm
in Sept. 2010

 Energy upgrade to 1.25 GeV

 Installation 7 exchange 15t module

- N W e U1 S N 0 OO
3

e |nstallation 39 harmonic module

o
I

3.6 3.8
Res= 1,Buf=46267878

 SFLASH - a seeding test stand

e 38 nm - the shortest HHG-Seeding
wavelength up to today

week ending

PRL 111, 114801 (2013) PHYSICAL REVIEW LETTERS 13 SEPTEMBER [l

Generation of Coherent 19- and 38-nm Radiation at a Free-Electron Laser
Directly Seeded at 38 nm
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FLASH builds a 2"d Beamline with a 2"d Experimental Hall

The long pulse trains allows to share the between two beamlines simultaneously

Construction during two shutdown for FLASH1: 3.5 months in 2011, 6 months in 2013
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FLASH builds a 2"d Beamline with a 2"d Experimental Hall

Construction during two shutdown for FLASH1: 3.5 months in 2011, 6 months in 2013
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FLASH builds a 2" Beamline with a 2"4 Experimental Hall

Construction during two shutdown for FLASH1: 3.5 months in 2011, 6 months in 2013
pty"FLASH2 Tunnel

Extraction from FL
4 IR
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Two Beamlines, two experiments — both run with 10 Hz bursts

First soft X-ray FEL operating two undulator beamlines simultaneously — and flexible SASE properties

» First lasing of FLASH2 in August 2014 — and — in parallel (!) to FLASH1 SASE operation - sharing the same burst
 FLASH2 user operation started in April 2016

FL AS H 1 Setup, 1h / Dean, 10.2 nm+/- 0.20 nm, 400 bunch(es), 1MHz, >100 fs (uncritical) F L AS H 2 Feldhaus/Toleikis, 13.5 nm+/- 0.10 nm, 30 bunch(es), 1MHz, 100 fs, max pJ, FL24

Free-Electron Laser FLASH SASE Delivery Free-Electron Laser FLASH SASE Delivery

NN S il Bunches Beam Energy Bunches 10 Hz || Beam Energy
400 774.9 MeV 11 790.2 MeV
Charge Wavelength | |Charge Wavelength
0.30 nC 10.2 nm 0.31nC 13.2 nm
Rep.Rate SASE Energy S Rep.Rate SASE Energy
1003 kHz 95.1 pJ || 1003 kHz 137.8 pJ

Erster Nutzerbetrieb bei FLASH?2

Seit Freitag, dem & Apnl um 12:14 Uhr [auft der Freie-Elektronen-Laser
Experimente, eines in der Experimentierhalle ,Albert Einstein” (FLASH1)
.Kai Siegbahn” (FLASH2). Erste FLASH2-Nutzer sind die Forscher um d
Andreas Przystawik, die am Ende der Strahlfiihrung FL24 mit einem Met
Edelgascluster fokussieren und die Fluoreszenz des so erzeugten Nanoj
Clustergrifie studieren.

5MeV 150 MeV 450 MeV 1250 MeV

d Nach dem erfolgreichen Begi
spater, eine erste Bestmarke
FLASH1 lief fir das Experime
National Laboratory, New Yor
Pulsen pro Sekunde und bis :
wahrend die zweite Lichterze
& Pulse pro Sekunde mit je ca.
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High-Average-power high quality plasma acceleration

Project Coordinator: Jens Osterhoff 1.1 GeV — 2.2 GeV
Scientific Coordinator: Richard D’Arcy .
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FLASH2020+

RF Stations Accelerating Structures FLASH1 TDS Photon
vV vV v v v . v Diagnostics
et e (e
RG Laser Heater
n
8 Bunch Compressors
Lasers Seed Laser
5 MeV 150 MeV 550 MeV 1350 MeV FF Laser
LASHFO[‘Wa d Kal, Sfegbahn
Phase 0 Phase 1 Phase 1+ Phase 2 FEL Experiments
Energy upgrade Variable gap undulators (FLASH1) High rep.rate seeding (FLASH1) New variable gap undulators +
3 BC (FLASH2) Pump-probe laser (FLASH1) Photon diagnostics (FLASH1) chicanes
TDS (FLASH2) for new lasing concepts (FLASH2)

Laser heater in 1st BC

Injector Laser
J New 2nd bunch compressor (BC)

Afterburner FLASH2

2021 2022 2023 2024 2025

2026 >

Phase 2

2017 2018 2019 2020

Phase 0 Phase 1 Phase 1+
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