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1. LAOLA - Strateqgy in Hamburg
2. ANGUS Laser and LUX Beamline

3. Summary



Why another laser-plasma lab”

Calvin&Hobbes: (c) B. Watterson
electron energy & charge # quality
quality # stability

stability # availability



Why another laser-plasma lab”

Calvin&Hobbes: (c) B. Watterson

,From acceleration to accelerators..."

Combine university research with accelerator
facility resources and expertise.



| AOLA Collaboration in Hamburg

LAOLA C_IS:aENEE

LAOLA

Reinhard Brinkmann
Klaus Flottmann
Ralph ABmann
Holger Schlarb
Bernhard Schmidt
Brian Foster
Eckhard Elsen
Jens Osterhoff

Andreas Maler
Florian Gruner
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| AOLA Collaboration in Hamburg

LAOLA

Reinhard Brinkmann Andreas Maier group of ~10 people

Klaus Flottmann Florian Griuner  group of ~10 people
group of ~10 people  Ralph ABmann
Holger Schlarb

Bernhard Schmidt
Brian Foster

Eckhard Elsen
group of ~10 people  Jens Osterhoff

LAOLA can contribute significant manpower and
resources to its plasma-related activities.

LAOLA C':Is:aENé'E


mailto:andreas.maier@desy.de

Joint LAOLA Strategy

laser-driven
A. R. Maier: ANGUS laser & LUX beamline —m

Ralph ABmann: SINBAD facility & ATHENA

beam'driven argy injection, Trojan horse /.

J. Osterhoff: FLASHForward

" Stephan: P

time

o CF
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R. ABmann: SINBAD facility & ATHENA

‘-JOInt LAOLA St rategy @ |IPAC15 see Barbara’s and Ulrich’s work:

TUPWAQO28, TUPWAQ29, TUPWAQSO,

WEPMAO31, MOPWAQ42

laser-driven

A. R. Maier: ANGUS laser & LUX beamline —m
K. FIottmann: REGAE beamline 2nergy injection

Ralph ABmann: SINBAD facility & ATHENA

argy injection, Trojan horse

=
—

beam-driven
J. Osterhoff; FLASHForward

" Stephan: P

time

o CF
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Joint LAOLA Strategy

)  a g laser-driven riven undulator & FEL
‘/? A. R. Maier: ANGUS laser & LUX beamline —m
S gy K. Flottmann: REGAE beamline inergy injection

_———

\.- — N

Ralph ABmann: SINBAD facility & ATHENA

argy injection, Trojan horse

beam-driven
J. Osterhoff: FLASHForward

" Stephan: P

time
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¥ .
o ANGUS Laser & LUX Beamline



| UX Junior Research group

Andi Maier

Junior Research group at
CFEL and Hamburg
University

Matthias
(Prof. Gruner
group, UHH)

commission & operate 200
TW ANGUS laser system

build and operate the LUX
beamline for laser-plasma

driven undulator radiation

lJux.cfel.de

* J: | ) Paul Manuel Dominik Soren
d] bean!!mes

also group Georg Korn
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L aser-Driven Plasma Acceleration

ANGUS

new 200 TW laser
A. R. Maier group

LUX

undulator radiation
A. R. Maier group

REGAE

external injection
K. Flottmann, B. Zeitler

see M. Hachmann & F. Mayet
WEPMAOQOS0
MOPHAQ27

UH 2 |
WECFEL
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ANGUS Laser & LUX Beamline

laser to laser

diagnostics dipole x-ray CCD

grating
e TN

SRERRRREEN -
outcouple spectrometer

mirror undulator cereen

quadrupole
lenses

plasma target

dedicated beamline for undulator radiation

re-built 4-nm experiment, with accelerator standards in
mind... (and all the nice toys you get at an accelerator lab...)

UH
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Design Aspects & Commissioning

1. ANGUS Laser
2. Vacuum

3. larget



ANGUS Laser Lab

» early decisions:
» laser is just a tool (,,just a klystron®)
» we want to adopt concepts from the accelerator community
» NO laser development except for diagnostics

» \VW-class lasers have a pretty bad reputation

> (poor quallty) === depends on laser design; 5 Hz, 25 fs, 5 J,

» poor stabllity <1% energy stability, strehl better 0.9
» POOr availability\
\ depends on how you operate the laser

and the lab; here we can adopt concepts
from the accelerator community

LAOLA C':Is:aENé'E
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ANGUS Laser Lab

lab conditions

» better 0.1°C rms temperature stability

» stable by few % relative humidity

» consequently remove all heat sources

» get everything in water-cooled racks

» challenge Is to keep the standards up high In
day-to-day operation

2 CFEL
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Control System

get laser into the accelerator controls system

typically the lasers are

» stand-alone systems

» w/ minimum online diagnostics

» trends / correlation charts are not (easily) generated
p difficult to monitor machine status

» and have no machine protection system

>

LAOLA Cls:aENé'E

get in more diagnostics and
integrate it in accelerator control
system
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Control System

1.8J,5Hz

25 W, 1 kHz

1.8J, 5 Hz 14 J, 5 Hz

1.8J,5Hz

Oscillator » Regen » Booster » PreAMP » AMP1 ‘ AMP2 »

Stretcher

Compressor

XPW
Stretcher

LAOLA C IS:aE,l_E
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ANGUS - 200 TW Laser System

_spectrum w/
{ reference

\ Oscillator
- online energy / power

w/ trend chart

built with TINE/DOOCS/jddd

73 .
720

| ,. N\

lnear- and farfieldl N h Tfocus get centroids of NF/FF and

at the outout Out of focus display trend chart on laser
" position and direction

LAOLA QIS:aE%E
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ANGUS - 200 TW Laser System

Oscillator | Oscillator B Oscillator

25 W, 1 kHz

Oscillator » Regen » Booster ‘ » PreAMP » AMP1 » AMP2 »

Compressor

XPW
Stretcher

Stretcher

ISolate errors in the system

LAOLA Cs&Eé_E
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ANGUS - Auto-Alignment

Oscillator

|
add fast and slow auto-
alignment between stages

IS a safety requirement (!)

» bet
rep
p fas

ter day-to-day

‘oducibility

er start-up

» compensate drifts

LAOLA CIS:aE%E

AMP1

AMP2
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s it worth it”

»a ot of |
somethi

Nobel P

nvestment into a
ng that you wont get the

rize for...

» not there yet...

» you get

a quantified measure of

the performance, not just ,good”

or ,bad”

» we learn a lot about the system
» and have days where we turn it on
In less than 1 hour...

LAOLA

CFEL

26.02.2015 11:09 Spencer, Timo Laser Chain Alignment

Alignment is maintained from yesterday and the beam i3 on the T-table
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Design Aspects & Commissioning

1. ANGUS Laser
2. Vacuum

3. larget



Vacuum Conditions

» vacuum conditions
determine long-term
laser performance

» dirt deposited on
mirrors, changes
beamprofile and
deteriorates laser quality . s/

o CF
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Vacuum Conditions

early decision: we adopt DESY
machine vacuum standards

4
4
4

N0
N0

nydrocarbons

particles

take RG-spectra of

—VERY item

far reaching consequences:
nave to built mirror/mounts,

4

)

transport beamlineg, ... In house

ot of standard laser community
solutions do not work anymore

... and hope that in the end it will
pay off

LAOLA. C—:SI,:EE%E

|l
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\ :,‘ ,«f.‘f’*'. [ | |
Lﬁl mIW \hnm‘fl‘mymm.\-ﬁm T

'02. Feb. 2015 08:14:33.000 HEsZon |
Rein_3 Laserkammer ma Spiegel (Uni)

a ,clean” (per DESY definition)
residual gas spectrum
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Design Aspects & Commissioning

1. ANGUS Laser
2. Vacuum

3. larget



High Rep-Rate Plasma larget

We still need to learn a lot about
plasma acceleration. And therefore
need statistics, scans, error bars ...

» Rep-rate is determined by gas
load in the target chamber.

» Typical experiments so far have
one shot every few seconds.

Building a beamline from scratch
we can design it for max. rep-rate...

... which is full 5 Hz

LAOLA C FEL

SCIENCE
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High Rep-Rate Plasma larget

Target: 50 mbar

parabola continuous flow
| |
| |
| |
| : |
0.01 | - o flow of 10 mbar | /s
: n o3 of hydrogen
i = BT or
- N |
1E-3 : = 1 50 mbar in target
i m J | continuous flow
1TE-4 E : ; S
= = = -
N - il B
1E-5 E = _ =
3 = / R
C = i B
L u / l -
1E-6 WW‘;—E === = — : =
L 4 L 4 4 4 L =
200 150 100 50 m O
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more examples...

adiabatic matching



Adiabatic Matching

p its very difficult to externally inject into a
plasma, due to large focussing forces

. : | » chromatic emittance growth due to large
aser envelope |
H divergence after the plasma

. plasmadensity |

electron envelope

» use adiabatic matching via density
downramp at the plasma exit

injection acceleration extraction drift

» just published
. Dornmair, K. Flottmann, A. R. Maier

discussion on emittance growth Phys. Rev. ST-AB 18, 041302 (2015)

T. Mehrling et al., PRST-AB 15, 1113083 (2012)

R. Assmann et al., NIM A 410, 544 (1998) - -
’ ’ nice collaboration between plasma groups

P. Antici et al., J. Appl. Phys. 112, 044902 (2012) P J P

M. Migliorati et al., PRST-AB 16, 011302 (2013) and accelerator physicists
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Summary

» LAOLA combines university groups with large
research facilities and a joint strategy

» LUX junior research group for plasma-driven
light sources

» We operate the ANGUS laser and LUX
beamline

» ,clash of cultures” :-) between laser

pohysicists, plasma acceleration and
acclerator physicicsts can be very beneficial

LAOLA C_IS:aENEE
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