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Hydrogen jets for high rep-rates and plasma physics benchmark 1 A
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lonization  dynamics, low
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guantitative modelling

small geometries enable
optical probing

Different species: D2, Ar, Ne,
Ch4, He(?)

Platform realized on many
systems: Draco PW, Phelix
GSI, SLAC-MEC, XFEL-HED,
Texas PW

L. Obst Scientific Reports (2017), M. Gauthier Applied Physics Letters (2017), T. Ziegler PPCF (2018), L. Obst et al. Nat. Comm. (2018), S.

GOde et al. Phys. Rev. Lett. (2017), Curry JOVE (2020), Polz Scientific Reports (2019), Bernert Scientific Reports (2022)
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Pre-expanding jets for near critical density targets

Concept Proton energy spectra Simulations
» Tailoring of target density by A
controlled pre-expansion Lol 10% Hydro + - ;Ei
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Pre-expanding jets for near critical density targets

Concept
» Tailoring of target density by
controlled pre-expansion Yet, spatial laser focus target
overlap is the main remaining hurdle
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[1] F. Treffert et al., (2021) Instruments 2021, 5, 38.

Other recent eXpe“mentS [2] X Jiao et al., (2023) Front. Phys. 10:964696.
ol Ay
Testbed to benchmark simulations: Beyond protons: i

» Deuteron acceleration for laser-driven netron

» Probe plasma expansion b)
production [1,2].

after irradiation with

Pump laser

| = 1.6-1018 W/cm?2 pulses Chopper
Plasma Converter
> Simulate expansion,
create synthetic shadow- — 9 oo recnona
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» Fit synthetic expansion data | = S | f 10 S
to the measured data S e T ) :
direct temperature = 30 » Argon acceleration at PHELIX (2023):
. o emP 57 [ mmionieeaa) Evaluation ongoing
diagnostic = 4 515 nm Exp.
o 20 258 nm Exp. g
£ - Preliminary
> Usethisto benchmark laser 5 | o4 ¢ ° data
heating and thermalization : /V
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n 0 5 ZIO 4'0 Ar ion traces on image plate

L. Yang, C. Bernert, accepted in Comm. Phys. (2023) ime [ps]
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- = p) [1] M. Gauthier, Appl. Phys. Lett., 111(11) 2017
So what about high repetition rate (HRR)" 2] L. Obst-Huebl, Sci. Rep. 2017 7:1, 7(1), 1.9,

There were a few demonstrator experiments [1,2]

il . 10, 1. Larger data sets:

&l ~First attempt in 2015 [1] - > S | 9

_E - 68 shots 1Hz 3 can large parameter spaces
3 2 » Measure small amplitude effects
N 0™ & > Good statistics & small errors
530} b=
‘%20 3

e . . . .
10} 100 2 2. Online optimization

2 3 4 5 6

» Laser/Target position — stable overlap
Proton energy (MeV)

» Tune target parameters — expansion
» Feedback to laser parameter
(ML, Bayesian optimization)

» So far: HRR not properly used in experiments

Utilizing HRR gives us new ways to
understand, enhance and control
lon acceleration from cryogenic jets.

3. Secondary sources
> high energy protons from near-critical targets
» pure ion bunches (D+, noble gases)

. _ _ _ » Neutron pulses
» Scaling energy at HRR is technically challenging!
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Technical Tasks |

1. Laser-Target overlap

few 10's of ym?

interaction volume

Laser: <3um spot.
Target: e.g. <5 um.

git&rg‘w p(z) for a 3um laser
» Target has £ Y
inherent £ S0 A
jitter & drift
ug 40 -
Example: = 2
5um jet, 3um focus £ ,

0 5 10 15 20
Distance from nozzle [mm]

» Online feedback of "

jet position from 1 Laser & Target

. . | position tracking
optical probe images

lateral position [um]
w

» Measure & improve
laser/target overlap
during experiment

=20 T T T T T T T
—20; "=15F =100 =5 0 5 10 15 20
longitudinal position [um]

Work in Progess!

2. Control the experiment environment:

Source

1) high load of light gases:
» ,Catcher” to remove the
bulk of the target before
evaporating

Jet

<10®mbar
Catcher — ||, .
2) Relativistic laser pulses: — Iargzl:/ra;%uum

— plasma currents, EMP
— secondary radiation
» Heat flux/damage

to the cryo-source &

> ,Chopper” blocks o |
line of sight
- prevents damage,
- Increases stability

Rotating
Chopper

M Rehwald et al, 2023 J. Phys.: Conf. Ser. 2420 012034
g VAS
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Technical Tasks Il ——

European

XFEL

3. Implement a standard setup

One step further:
Integrated jet target platform @ EuXFEL

» Creates inter-system compatibility and increases repeatability
» Facilitates the before mentioned points

Jet + Catcher + Chopper

. Off-harmonic probing

» High resolution (HR):
- Plasma/expansion
diagnostic
- Position feedback

W > Low resolution (LR):
- Position feedback 4. Data management

- Alignment & overview > Online data analysis
- on Laser axis » Automatic documentation

Concept developed in 2020 at Draco TW » Data storage and accessibility
successfully transferred to MEC (SLAC) and EuXFEL

C. Bernert et al., Sci. Rep. 2022 12:1, 12(1), 1-11.
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Cryogenic liquid jet target platform IC1
The platform features: Contact: Sebastian Gode

Vertical jet flow direction

Nozzle types: round and slit (size/shape depends on gas type)

| Gas types: Hydrogen (tested), Methane, Argon and others (not
yet comissioned with the setup)

| Motorized target rotation +/-45 deg (z-axis)

' High resolution on-shot target imaging (xy-plane)

! Online target position recognition (see screenshot)
Compatible with FSPEC, BSPEC, SAXS, XRD diagnostics in IC1
30x30mm target frame (calibration, pin, ref targets, etc.)

| High repetition rate shots with ReLax and PP lasers (possible
laser parameters are jet type dependent)

—

Online jet pointing visualization

Gas inlets -

European

LHe outlet XFEL

Liguid Helium
flow cryostat

call for proposals, HED, European XFEL HED, European XFEL - 2023 1

}1

12t call for proposals

HED HIiBEF

..closes Nov 8, 2023 at 16:00

H (German local time)

Submit via web portal:

https://in.xfel.eu/upex

Never been at HED? No problem: look at our hutch using

the virtual tour (link)!

Before submitting proposals, please discuss with beamline contact for

possible geometries, other x-ray diagnostics, target & laser specs, etc.




Example2: Measuring the laser-induced breakdown (LIB) threshold of solid H2

Concept: Measurements: Results:

> LIB is the onset point of laser-induced » acquire >100 images at 1Hz  10]
plasma formation >
» Defines the start of pre-expansion during
laser intensity up-ramp

X 400nm H2

Sort out defocused and
rotated images
~30 images remain

LIB fraction

400nm Solid H2,

» Weak, fluctuating experimental signature 021 30fs pulses:
> Repeat at different intensities . ' 114 -10% wem
v to scan LIB onset transition 0.00 025 0.50 075 100 125 150 175
S ydrogen Intensity in Wem—2 leld
. | S .
etup: heetjet High resolution Example images: LIB threshold vs. pulse duration
probing . 4 L 0w ~ TBSIthreshold Hydrogen |
Probe laser %
515nm, 160fs, 10uJ =
E 10" 4
Pump laser LIB turns the fz
2-10% W/cm? dielectric target = ®  400nm H2
locally reflective 10% T
) 101 100
A\t/tanablte At 1.04-10%4 W/cmz. 30fs: Pulse duration in ps
enuator ) ! )
33% LIB fraction
S. Assenbaum et al., in preparation C. Bernert et al., (2023) Phys. Rev. Appl., 10, 14070.
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Laser induced breakdown and laser contrast ... precisely measure the threshold
Intensities at low intensities,

C. Bernert et al. SciRep (2022) &
C. Bernert et al. Phys. Rev. Applied (2023)

Still Low,
; ' ¢ intrinsic
raleRgien contrast ... and correlate to the full energy temporal laser contrast
(here PM contrast with di ) L N
1022 NE 1014 BSI threshold Hydrogen
oA W 06 57 §;
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. ps ID@ezriT<a€I;1r:rival g 1014' measurement ofl;,,,[6.3 ps] Pulse duration in ps
. 1012 frameworks based on
We can characterize the start of the MHD and 3DPIC
interaction at full energy laser shots, 10 L\
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Conclusion and outlook:

1011

The cryogenic jet target platform is well established
« Many successful experiments
* Repetition-rate ion acceleration demonstrated but not yet utilized.
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HRR experiments expand our experimental toolkit
« Large data sets, online-optimization, enabling secondary sources

Controlled pre-expansion
Proton number [#/MeV/sr]

—
=]
)

First low intensity jet experiments make full use of HRR:
« still use sorting instead of in-place optimization

Recent technical developments
* Increase the laser-target overlap
— more Stability/repeatability
« Enable to ramp up to relativistic intensities

HRR experiments with relativistic laser intensity

« At EuXfel: successful commissioning at RELAX in September

* Preparation of a campaign at Draco TW & PW currently
ongoing
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