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Seed Laser And Transport.
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Seed Laser And Transport
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Laser Requirements.

Source

Seed1

Seed2

WL, Pulse duration, Energy

wavelength: 343nm

pulse duration: 500 fs FWHM
pulse energy: 50uJ

rep-rate: 1 MHz

burst rep rate: 10 Hz

burst length: 0.6 ms

wavelength: 297nm - 317nm
pulse duration: 50 fs FWHM
pulse energy: 16pJ

rep-rate: 1 MHz

burst rep rate: 10 Hz

burst length: 0.6 ms
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calculated
values

bandwidth: 0.35nm

peak power: T00MW
in-burst power: 50W
avg. power: 300mwW

bandwidth: 2.8nm

peak power: 300 MW

in-burst power: 16 W
avg. power: 100mw

Beam waist in
modulator

(1/e2,radius)
and beam
quality

600 um, M*< 1.5

An asymmetry of
10% is tolerated

600 pm, M2 < 1.5

Beam waist
z-tuning

In the center
of the first
modulator (no
tuning)

Optimization
of the waist
position might
be required
with changes
of +/-2m
with 20 cm
steps.

Rayleigh
length

Pointing
stability

3,297 m@
M?=1.0

40 prad

2,198 m @
M2 =15

3.81..
357m@
M?=1.0
2.54 ..
298 m@
M?=15

40 prad

Pointing
stability

50 um
transverse
(rms)

50 um
transverse
(rms)

position Polarization

control

Remotely Horizontal
controlled

with 20 um

over a

range of

500 um and

20 prad

accuracy,

both at

interaction

region.

Remotely Horizontal
controlled

with 20 um

over a

range of

500 um and

20 prad

accuracy at

the point of

interaction
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Laser System

1 ym pump

laser, 1 ps

Schematic gverview laser system and power budget

> 9 A \ »
In-burst -~ A) 1 600 us
power 1750 W 100W conversion > 50 W
: : 100 ms | t
OPCPA : ccSFG — Seed 2 Interface
Y 2.5
AOM H
2 s SHG \ >300n) -8000 >150n) 700 nm - 860 nm 297 - 317 nm 30 fs
<1yl Ts*

WG foo—{ NOPAL [ @ NOPA 2 SFG l_l SFG
3.5m)
1 fHz, 750 fs, 600 ps (10 Hz bursts) SHG >1ml Bulk Object plane
>1m) > beam transport
THG Seed 1 Interface
> 300 ) >100p)

343 nm

> Object plane
beam transport
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Laser System

1 ym pump 0.8 um tunable laser, 50 fs

laser, 1 ps

Schematic

In-burst
power

verview laser system and power budget

OPCPA

NOPA1

1

3.5m)
1 Hz, 750 fs, 600 ps (10 Hz bursts)

>50% + 4 6o0ps
conversion > 50 W
efficienc N K /‘\
: ¢ 100 ms t
ccSFG Seed 2 Interface
700 nm - 860 nm 297 -317 nm 50fs

>100 p)

Bulk Object plane
>1m) > beam transport
THG Seed 1 Interface
300 p) >100p)
- 43 nm
g-switch H H 3
AOM SHG SFG

Object plane
beam transport
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Laser System.

0.8 um tunable laser, 50 fs 0.3 ym tunable

laser, 50 fs

1 ym pump
laser, 1 ps

Schematic

In-burst
power

verview laser system and power budge

>50%
conversion = >
efficienc

100 ms

OPCPA Seed 2 Interface

700 nm - 860 nm 297 -317 nm 50fs
oot |- 0 ool | ==
3.5 m)
1 Hz, 750 fs, 600 ps (10 Hz bursts) Bulk Object plane
i Seed 1 Interface
> 300 p) >100 p)
- 43 nm
g-switch H H 3
AOM SHG SFG AC-DC
> Object plane

beam transport
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Laser System

0.8 um tunable laser, 50 fs 0.3 ym tunable

laser, 50 fs

1 ym pump
laser, 1 ps

Schematic

In-burst
power

verview laser system and power budge

>50%
conversion = >
efficienc

100 ms

OPCPA Seed 2 Interface

700 nm - 860 nm 297 -317 nm 50fs

NOPA1 [ (0}

3.5m)
1 Hz, 750 fs, 600 ps (10 Hz bursts)

Object plane
beam transport

e Seed 1 Interface
g-switch H H h
AOM SHG SFG AC-DC
Object plane

beam transport
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Laser System

1 ym pump 0.8 um tunable laser, 50 fs 0.3 ym tunable Beam
laser, 1 ps laser, 50 fs conditioning

Schematic gverview laser system and power budge

In-burst

>50 %
conversion
efficienc

OPCPA

700 nm - 860 nm 297 - 317 nm

NOPA1 [

1 Hz 750 fs, 600 ps (10 Hz bursts) Object plane

100 Seed 1 Interface

Object plane
beam transport
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First OPCPA results

Pulse energy:

>>7100 pJ
~1% rms

Beam profile:

very good

TL pulse duration:

40 fs - 50 fs

Tuning rang:

705 nm - 850 nm

y (pixels)

-500

500

-500 0

Integrated profile

principal x-axis

-500 0 500

beam profile
labratory frame

500
X (pixels)
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Wavelength (nm)

850

850

800

750 A

700 1 =

0.0

2

.5 5.0 7.5
Time (Minutes)

10.0

Laser System - Results at 0.8 ym, 50 fs, 1 MHz, 600 pulses.

Wavelength Out, Filtered CoM

ttts

A =704 nm,
A =724 nm,
A =775 nm,
A =800 nm,
A =826 nm,
A =840 nm,

corr UV=298 nm
corr UV=301 nm
corr UV=309 nm
corr UV=313 nm
corr UV=317 nm
corr UV=319 nm

A =705 nm (RMS:
A =725 nm (RMS:
A =750 nm (RMS:
A =775 nm (RMS:
A =800 nm (RMS:
A =825 nm (RMS:
A =850 nm (RMS:
All Data

0.44 nm / 6.3e-04)
0.75 nm / 1.0e-03)
0.96 nm / 1.3e-03)
1.07 nm / 1.4e-03)
1.33 nm/1.7e-03)
1.29 nm/ 1.6e-03)
1.66 nm / 2.0e-03)
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Optics Design Seed 2

wediate//

= Waist position can be focu
7 mm

tuned - as required

= Waist diameter is <->

fixed (by design, we
orderarange

of telescope mirror
curvatures to be able
to adapt

to the measured UV
beam divergence)

- we might need to
implement an
additional telescope
to be able to
dynamically adapt, if
we do see drifts in
divergence
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Page 14



Laser Beam Transport - Length / Group Delay Measurement.

(W) 7 3duey

Seed2 — UV beam (300 nm)
UV — NIR cross correlator
(LbSync / FS-LA - TBD)

o
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[\ e 2 | ' N SN |nterferometer heads
/ o \ / : P (8 .. Interferometer MR -
! T 4L | -
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Interferometer
— back-reflector—
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UV Generation (Seed 2).

opcp A (Nop Az + Nop As) © Photodiode [A]  Translation stage
- —— B Flow-sensor A OO mount
0 A Powermeterhead Piezzo Motorized
b H NOPA 1 i
e 1 sué *— — &) Spectrometer € Mirrormount
J: = & e , Flipmiror
seed 0 e Yr  single-shot AC £ AOM &
— P me o ; w1 &
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v
pump 1 ¢ Temperatur control 8
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] — i | T | .
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& 3 ) ' -+ Pinhole = -
5 g ; (93]
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" optical link <-> oscillator _Q System-drift correlator
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Seeding Beam Transport
ome Uetc 6

SMARACT goniometer

in-elctron beam vacuum mirror

seed2 incoupling seed1 outcoupling

_—
|

electron beampipe

=

| i M s

— 1

Window - separation

C,O

electron vacuum beampipe
to laser vacuum beampipe

DESY. FLASH2020+ Progress Review Meeting | Ingmar Hartl

Ofe -

&1

4T 3
1 \ ﬁéo 5
\ [\ o N |z
3 A
&) |0 ,r@‘
o Ol
& =8 & @ A
o B so = =0
10 X £ *
& P4 1) ol 2 Y 4] L \
i NG vl |!“ . ,?,3 | ;—:
ol - ol 'o? -
e — it |
&
‘gro f ’ g ey
@
e 9 e 9
.»‘6’ =

Page 17




Laser Safety Concept Extraction + Tunnel

Shutter can open if

- electron beam permission is given
or
- extraction area is in interlock
( access via ZZ)
- both chains are closed
- both keys are in

Shutter opens at button press.

Person working can prevent shutter
opening by removing key.

Keys are stored in keybox in laser lab.
Laser is shut down at shutter error.

i,y. I LA o e ety =
Turnal TRz == =mmammee=== " o
unnel LHZ ~mme—emn E .0
___—————""" I - © =
————————————————————— |52 8
————— button it SN = ©
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Status and Summary

« Staff: critical until shutdown — then FS-LA pump-probe laser staff can support

« Budget: critical but sufficient.

* Project is on track,
» no technical showstoppers,

 results so far match excellently simulations

» Project delayed ( but catching up). Reason: Loss of staff
« Catching up — Dirk (ZM) and Hamid (FS-LA) are driving the project
» Currently finalizing optics specifications and mechanical design.

» Ordering of components on-going, ordering as soon specifications are finalized
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