WELCOME @ 6th ARD-ST3 Annual Workshop HZDR

Programme Matter and Technologies

3 pillars
ARD-ST3: ps - fs electron and photon beams

between Helmholtz centers and beyond

MATTER AND TECHNOLOGIES
ACCELERATOR RESEARCH AND DEVELOPMENT

DESY, HZB, HZDR, KIT

ST3: ps-fs electron and photon beams

Joint Technology Developments

Beam dynamics & ps-fs beam Stability, Controls
Photon Sources diagnostics & Synchronization
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shape manipulation Advances

Frequency domain RF Controls

Advanced photon Coherence control
sources development Fhoton beams XUV Seeding

test facilities
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ARD-ST3 testfacility TELBE: Status and Outlook
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Motivation: observe THz — field driven dynamics mZm—=

delay sample
, R e 4 .
| to probe
probe: D | detection
THz-NIR-VIS THz pump
light pulse pulse
1 ps

typical experimental scheme:

1. THz pump induces non-
equilibrium state in sample

2. delayed fs laser pulse probes
transient state

GOAL: observe phenomena on _
sub-cycle timescales > femtoseconds

oz () I-ILDR
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ELBE accelerator and TELBE P

MeV neutrons

“high-fields @ high-rep-rates”

4-250 pm IR « CEP stable

0.1-3 THz TELBE!  single cycle & multicycle

MeV electrons CW (broad and narrowband)
repetition rate adjustable

MeV BS few 10 fs time resolution

OPEN FOR PROPOSALS

MeV electrons ("Early stage operation®)

NOTE:

: : TELBE is still under development
optical laboratories

T factor of 100 below design param.

| || Ij,’ P
= = | = ="y A TS

“ I | g NELBE

electron-laser
therm. gun accelerator - interaction
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pELBE

radio biology
detector studies

Mitglied der Helmholtz-Gemeinschaft



Working principle:

superradiance

longitudinal bunch length intensity vs. number of electrons
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dump

B. Green et al, High-Field High-Repetition-Rate Sources for the Coherent THz Control of Matter, Sci. Rep. 6 (2016), 22256.
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TELBE the high —field THz user facility

to high-field laboratory (HLD)
FELBE lab
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TELBE sources

Diffraction Radiator (DR) pulse

b

Undulator pulse

C 44 .05 THZ:
=
5 c [T
c i T
) ©
< °
ef = -
5 ol
o[ > 0.9 THz
o -
L L L Q
0 5 10 15 20 E B
time / ps -
40 20 0 20 40
time / ps
1.0
_08f
£
S 06
‘ §0.4
%0 05 10 15 20 25 30 2,0
‘ frequency / THz
. . . . 0.0 . . .
B. Green et al, High-Field High-Repetition-Rate Sources for the Coherent THz control of Matter, 00 05 10 15 20 25 30
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TELBE laboratory

2 fs lasersystems

DR Beamline < commercial
(broadband, « few pJ @ 200 kHz

A ) single cycle) - fewmJ @ 1 khz
=== e « commercial lock
(synchrolock)

THz sources

+

+ 2 x titled pulse front
LiNbO

* 3 x ZnTe (optical rect.)

Experimental endstations:

* THz/NIR pump TR MOKE/Faraday probe

* THz/NIR pump THz emission probe

* THz/NIR pump coherent phonon spectroscopy probe

* THz time-domain spectroscopy delay sample

* FTIR (step scan) spectroscopy ; l

sample environments: ’ to probe
* temperature: 2.7 to 500 K probe: L detection
* magnetic field: up to 10T THz-NIR-VIS THz pump

+ liquid jet light pulse pulse

s () LD
~
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Key diagnostic development: pulse-resolved DAQ m<«/)

TELBE fluctuations: pulse-resolved DAQ
« arrival time at 100 kHz

* Intensity EOS of 800 GHz undulator tune

* ... 0015 : ! * ! ¥ ! E !
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« How do we reach fs time resolution? European XFEL!
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Key development 2017-2018: near realtime operation r<ilr

Bertram G reen STRUCTURAL DYNAMICS 4,024301 (2017) @EE".“E.M‘"..‘(
see talk Probing ultra-fast processes with high dynamic range at
4th-generation light sources: Arrival time and intensity
binning at unprecedented repetition rates
S. Kovalev,"® B. Green," T. Golz,% S. Maehrlein,® N. Stojanovic,2
A.S. Fisher,* T. Kampfrath,® and M. Gensch'®
Datasorting: Binning:
Multi-threaded Multi-threaded
analysis Data reduction
— CPU O CPUQ =———p
— CPU 1 CPU1 =
DAQ — CPU2 CPU2 —
— CPU3 CPU3 —> 0.004 ' y
— CPU 4 CPU 4 ——p
. . —p CPU 5 CPUS =
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—> CPU14 CPU 14 —» 800 , ]

— CPU 15
— CPU 16
— CPU 17
— CPU 18
— CPU 19

CPU 15 ——>
CPU 16 =——»
CPU 17 ——>
CPU 18 —»
CPU 19 —»

Long term storage
Retainat least 10 years

. 310
time (ps)

Unsorted

No timing information

Timing information included

Binned
Averaged into xx fs bins
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Key development 2017-2018: intrinsic synchronization Fi< L

= M|n Chen m - _ Vol. 43, No. 9 /1 May 2018 / Optics Letters 2213
see poster Optics Letters

Towards femtosecond-level intrinsic laser
synchronization at fourth generation light sources

M. Chen,' ©® S. KovaLey,"* @ N. Awari,'?® Z. WanG,' ® S. GERMANsKIY,' B. GREEN,'
J.-C. DeiNert,' @ anp M. GenscH'

(a)

Laserline B

B3 Grating
Laserline A HWP
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el 28| ; Delay B

THz

800 nm A-»

Pulse stretcher

IDEA:
* based on THz slicing

* make the laser follow the a0 Fier zn |8 1
B . P i
accelerator instability ;{PH'B | ey

4

Pulse characterization

ZnTe

?Il ) Spectrometer D % g V’ -
N

ZnTe WP PD

ZnTe ; == u S0 5
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(I} Benchmark TDS

to pulse characterization
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Key development 2017-2018: THz spectrometer chip &

Niels Neumann / TUD

short communications

see poster
; JOURNAL GF On-chip THz spectrometer for bunch compression
£ SYNCHROTRON fingerprinting at fourth-generation light sources

1SSN 1600-5775
M. Laabs,® N. Neumann,™ B. Green,” N. Awari,” J. Deinert,” S. Kovalev,”

D. Plettemeier® and M. Gensch®*

THz beam A
(broad spectrum)

IDEA:

» replace single element pyrodetector
in BCMs

* pulse/bunch-resolved (up to 13 MHz)

« currently 7 THz frequencies

spectral power

A

frequency

ECION A=

~
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Key development 2018 -

Mohammed Bawatna | | |
see poster o Signal 4 Dl‘agrovstlcs,‘

Time / ps Pixel

B A KRB B

Signal / a.u
Signal / a.u
'/,; ———
<

4 channels input
Up to 500 MSPS 2.7 MHz, 512 pixel,
16 bit resolution 12 bit resolution
Data input >= 24 Gbps Data input >= 16.6 Gbps
IDEA: % Hi-Flex Readout Card | 1:
. pow om T
. e = g - 2
* Move into FPGA based ' F
. o . : [ FPGA
realtime data aquisition & analysis s MR -
‘ oM’
 PClev.3
Data throughput 120
Ghbps Results
lime‘/ops
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ARD test facility TELBE: 2012 - 2018

to high-field laboratory (HLD)

FELBE labs |
DiD ! D: l D&l Penelope/Athena
— TrT— target area

nELBE
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+ LLRF activity | |
see talk by —Penelope PW
Klaus Zenker
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from discussions at the FLASH/TELBE joint user meeting 20.07.2018

to high-field laboratory (HLD)

FELBE Iabsljl D:J% Dj ”

‘ DT n (TUD)

nELBE

Penelope/Athena
target area

=

b

SRR

--RE__ -gEEBE
nization and control

laser-
Jix, electron

* beam dynamics!
(understand bunch compression,
parallel operation,...)

NOTE:
* interestin peak pulse energy
* NO interest in stability!

pELBE —
eELBE (AIDA-2)

[
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1
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1
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ELBE upgrade: DALI?

3 building blocks

BASELINE
SUPERRADIANT
keV positrons DALI
MeV electrons
100 MeV?, 1 nC electrons, ) { .
1 MHz CW DALl physics (0.1 — ?7 THz) .
DALI life science (0.1 - ?? THz) seeded superradiant
DALl chemistry (0.1 — ??THz) DALI
—mmmm-y “seeded” DALl (1 —77 THz)
50 MeV, 100 pC electrons,
13 MHz cavity dump FEL
13 MHz DALI
dump
Cavity dump FEL (1 - 77 THz) CEP stable FEL's
# “low-gain FEL” modulator
+ cavity dump FEL Status 25.04.18 Tom Cowan
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N
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pulses

number of
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arrivaltime / ps

THANK YQOU!

(g PA® ]

available pulse-resolved diagnostic and ONLINE analysis
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