Global Longitudinal Beam-based Feedbacks
with Distributed Detectors

A global feedback approach is needed for improved & reproducible machine setup and to accommodate special user requirements.

There Is a large potential for applying machine-learning supported tuning approaches :
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1. Global longitudinal feedback: L Feedback Manager
» Restoring and optimization of the longitudinal e-bunch and FEL properties, <O
» Stabilisation against drifts and short-term |jitter. 8
server-to-server communication
2. Smart automation: fé‘;;:;:f‘;”e?{fcg;'i‘gg;a' feedbacks
» Improving and stabilising the FEL operation, consistency checks
> optimising beam pointing, SASE intensity, SASE spectral properties, ... <<DAQ>>
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3. Al supported tuning : Pl el datltv =
» use a combination of FEL simulations and beam-diagnostics (actual or virtual), A o : < Energy Manager/
> tailoring the e-beam to accommodate for special user requests Py Adaptive Sum voltage server
—(:} slow longitudinal Feedbacks .5 SUM voltage and chirp control
: Feedbacks slope control ::;P}} energy
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= New middle-layer server communicating with all implemented, separated beam-based feedback tools bunch length gy I’ : :
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= Minimal user interface : machine operators selects on/off option and possible new target values, | | e, <<APrrescsedesannd :
= Detailed feedback configuration and exception handling solely done by the feedback manager o L. 2<h Prr assesssessassanannes ‘ "I’
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= Tests of individual modules on-going at FLASH and European XFEL " L& . :
' BAM : ceefeneennnnnnad e
= Expected deployment of first light-weight version by end of 2022 BCM| toroid —1 T TS '"_tral t._rm'" Feedback
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Five typical results from the test data of a dataset of one working point.

The compression strength increases monotonically from left to right.

Established near real-time
0-d diagnhostics :

= arrival time measurement,

= compression signal,

= e-bunch position (orbit)

Additional information :

= 1d spectral measurements

= 2d images/screens (invasive)

Availability of suited, non-
Invasive, fast read-out
diagnostics can be an issue.

Need for substituting by
virtual diagnostics.

Apply an encoder-decoder
neural network model with
more than one decoder for
heterogeneous predictions
of electron bunch
longitudinal properties.

Follow-up on this approach
at FLASH & EuXFEL

(a) Measured LPS images. 0 denotes the fractional energy deviation. (b) Predicted LPS Iimages.
(c) Comparisons between the measured and predicted spectra from the low-frequency grating set of the
CRISP spectrometer. (d) Comparisons of the current profiles calculated from the measured and predicted LPS
Images as well as reconstructed from the measured and predicted spectra.
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