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EuXFEL instruments overview
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Motivations for higher pulse rate

Reduction of data acquisition time
Quickly reach sufficient signal-to-noise ratio
Evolution of existing techniques and development of new methods
Enlarge the scientific community

Collection of very large datasets
Required for experiments with low hit rate
Classification into data subsets
Advanced data analysis methods

Systematic studies
Lacking due to scarcity of beamtime
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B Required for experiments with low hit rate
B Classification into data subsets
B Advanced data analysis methods

Systematic studies
B8 Lacking due to scarcity of beamtime

Sension et al., JACS 145 14070-14086 (2023)
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Motivations for higher pulse rate

Reduction of data acquisition time

B Quickly reach sufficient signal-to-noise ratio
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3D diffractive imaging of nanoparticle ensembles
using an x-ray laser
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Collection of very large datasets

B Required for experiments with low hit rate
B Classification into data subsets

B Advanced data analysis methods

Systematic studies
B8 Lacking due to scarcity of beamtime
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Single particle imaging at x-ray free electron lasers (XFELSs) has the potential to determine the structure and dynam-

ics of single biomolecules at room temp Two major hurdles have prevented this potential from being reached,
namely, the collection of sufficient high-quality diffraction p and robust computational purification to overcome
stmetmmabhataraganaineWamnantthabreaking of both of these barriers using gold particle test sampl ding
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Sample delivery for high repetition rate XFELs

Liquid/aerosol/gas phase samples

#® High jet velocity (250 m/s for 1.1 MHz)
B very high sample consumption
B velocity limited for thick or viscous jets

Ise

Ise
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Sample delivery for high repetition rate XFELs

Rotating disk

Liquid/aerosol/gas phase samples

#® High jet velocity (250 m/s for 1.1 MHz)
B very high sample consumption
B velocity limited for thick or viscous jets

Solid state samples

#® High velocity motion (tens of m/s)

"Consecutive M not applicable to all samples
Ises
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Sample delivery for high repetition rate XFELs

a
Liquid/aerosol/gas phase samples

High jet velocity (250 m/s for 1.1 MHz)

B very high sample consumption

B velocity limited for thick or viscous jets
C ‘
g ‘°j""“/ AT Solid state samples
d X-@sﬁges Deceleration e g

(120 Hz) Deceleration

1

Acceleration

Acceleration

High velocity motion (tens of m/s)
— T B not applicable to all samples

Roedig et al., Nat. Methods 14, 805-810 (2017)
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MHz burst mode operation at EUXFEL — A blessing and a curse

Aqueous sample

_ o . droplets in oil at 10Hz
High sample wastage (>99.4% at EuXFEL) for liquid/aerosol jet X . .

experiments where sample cannot be recirculated. Those experiments also -

have an inherently low hit rate (0.1% - ~10%)

# New sample delivery methods under development, but not yet routine

Undesirable effects with solid state samples, e.g., heating/cooling strain

Present 2D area detector technology is trade-off between on-chip memory

and pixel size S

B Development ongoing along with better use of existing detectors, e.g. | o |
event vetoing = S ——————

User data storage i i

B Data reduction effort in progress, need to change mindset of users Courtesy of A. Ros, ASU
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MHz burst mode operation at EUXFEL — A blessing and a curse
AGIPD detector, 200 ym pixels

352 memory cells up to 4.5 MHz

=20l um — nalogue channel — CSA, CDS,

High sample wastage (>99.4% at EuXFEL) for liquid/aerosol jet
experiments where sample cannot be recirculated. Those experiments also
have an inherently low hit rate (0.1% - ~10%)

# New sample delivery methods under development, but not yet routine

umn switch

Memory cell switches

Analogue value
capacitor

— 200 pm

Undesirable effects with solid state samples, e.g., heating/cooling strain L] ;;;g;;j

Present 2D area detector technology is trade-off between on-chip memory
LPD detector, 500 um pixels

and pixel size 512 memory cells up to 4.5 MHz
B Development ongoing along with better use of existing detectors, e.g. xrfvs At .. ey B, D
event vetoing P R M -
Dé'e°;°’ fPreampliﬁer ‘ %ﬁ%‘ﬁ@ o
ﬂ}—[ >—ﬂ—ﬁ—r‘ Lo do b 512 | ‘
User data storage T L YAt L
B Data reduction effort in progress, need to change mindset of users Allahgholi et al., JINST 10 C01023 (2015)

Koch et al., JINST 8 C11001 (2013)
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MHz burst mode operation at EUXFEL — A blessing and a curse

High sample wastage (>99.4% at EuXFEL) for liquid/aer
experiments where sample cannot be recirculated. Thos
have an inherently low hit rate (0.1% - ~10%)

New sample delivery methods under development, b

Undesirable effects with solid state samples, e.g., heatin

Present 2D area detector technology is trade-off betwee
and pixel size
Development ongoing along with better use of existir
event vetoing

User data storage

Data size [PB]

Raw Data Generated at European XFEL Instruments
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Data reduction effort in progress, need to change mindset of users
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MHz burst mode applications

Dynamics on microsecond timescale - Time grid defined by pulse period
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Time Reuter et al., under review

Villanueva-Perez et al., under review
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MHz burst mode applications

Dynamics on microsecond timescale, but also femtosecond timescale
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Husband et al., J. Synchrotron Rad. 30 671-685 (2023)
Lehmkdhler et al., PNAS 117 24110-24116 (2020)
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Towards higher duty cycle operation

10s to 100s kHz CW or long burst operation

" Would support many classes of experiment
B Relaxed sample delivery requirements, reduction of sample wastage

® Longer burst: easier to accommodate independent RF regions for each beamline — increased flexibility

MHz CW or burst operation

" Leveraged by a limited number of experimental techniques at the moment, but has opened up new
opportunities

0 Applications specific to MHz burst mode

Not a one-size-fits-all!
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