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Agenda

= Control systems
Machine protection system (aka laser interlock)
Beam transport system: diagnostics and controls
Beam delivery system: diagnostics and controls

= Optical beamlines
Merging chamber 1 and 2
Update on beam simulation
Synchronization (no jitter yet, sorry!)




Controls architecture — 3 layers
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“Governs the transport of the laser
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Distances and locations for compressor to be adjusted

Semi-autonomous (or expert mode)

Periscope

laser

Operator
1.55m
|

0.4 m

0.7m

Compressor 1
Optical table

4.7 m

Merging chamber 1

03m| &

7m

27 m

Periscope to
optical table

Plasma 1

Design is not fixed yet due to spectrometer magnet position

Plasma 2

25m

0.6 m

1.6 m

N

Periscope to
optical table
Compressor 2

7.6m

Operator




Beam transport system

Stretched IR lines
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Relay Image system positioning system (update)

Relay system Output of telescope

Input of telescope

l l “Hybrid solution”
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Split point plasma cell 1 & 2 (update)
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« 1l Avoid operators burning the
compressor gratings
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« Each line has its own attenuator




Optical boxes design

UHV turning box Primary vacuum - transport

» Similar to run 1, but narrower « Built in-house, design stage not completed
» Left-hand / right-hand versions « Top cover attachment under study (hinges)
» Design of supports is next * Clamping -> ISO-KF 100 for now
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Quadrant detectors

Quadrant Photodiode |,
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PROs:
« High bandwidth / low latency CON s:
* Robust and compact, great dynamic range (think of
high power and low power shots) * Requires development, and integration into DAQs
» Possibly does not need filterwheel * No beam profile information (what if shape changes?)
« Insensitive to ambient light * Requires accurate centering (if large drift happens?)

« Similar price to a CCD camera
* Energy measurement possible




Controls architecture
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Multiplexing QPDs (Bl team idea)

To acquisition
card
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In principle, a single BNC-type cable connecting the boxes could act as ‘bus’, and the entire signal
decoded using a single acquisition card. In reality we will probably do sample-and-hold with a cRIO.
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Laser interlock system run 2c
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beamline.
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Beam transport simulations

Scalar wave simulation

Ray-tracing Current study
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Allows us to:

Compressor 2 * Check beam path mismatches

* Chromatic effects and aberrations

+ Tolerances and transport losses, damage threshold
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Ray-tracing simulations

Masked beam “AWAKE” at wavelengths For transmission calc: input is 1 W/m?
in the 750 — 850 nm range IR 1 beamline IR 2 beamline

Total - Irradiance Map for Absorbed Flux
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Total Flux:9.448e-05 W, Flux’/Emitted Flux:0.31722, 449045 Incident Rays
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Min-0, Max:1.2627, Ave-0.053578
Total Flux:0.0001052 W, Flux/Emitted Flux:0.35321, 500000 Incident Rays

in TT41

One is the “mirror image of the other one”. There is tilt -> caution with mirrors

and polarization () TT41 - Compressor 1 97.3678
* IR line 2 is not centered on beamline axis due to beam splitter TT41 - Compressor 2 99.3813
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Compressors optical tables
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Nominal optical beam path from input to output point = 0.33+ 0.68 + 1.3+ 0.08 + 0.9+ 0.08 + 0.5+ 0.5+ 0.8=5.17m

Minimum path length =5.17 — 4*0.3 = 3.97 m
Maximum path length = 5.17 + 4*0.3 = 6.37 m Delay range (total) = 2.4 m (+/- 3.6 ns)
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Beam transport system — optical elements (losses)

Relay IR0.1 Relay IR0.2 Relay IR2.1
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Estimating vacuum requirement for transport line
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« Approximately the same intensity at focus because:
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0025 Splitting reduces power by 50%
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Compensates for the smaller spot
Both cases the peak intensity is roughly 10 W/cm?
102 — 103 mbar should be ‘safe’. 1 pumping group enough
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Integration progress

= Compressor 1 optical table split
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Beam delivery system

IR beamline 1 (IR1) IR beamline 2 (IR2)

Compressor 1 s MP2.1
' R Compressor 2

MP2.3

Mp22 MP24
Focal length ~42 m
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IR 1 sub-system

Split-delay system (IRBLO.5)

Compressor #1
« Ax movement -> results in 2Ax mismatch #
« (1) imaging condition should be satisfied |
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Position of the merging chamber #1 In run 2c¢

Merging chamber #1

Nicolas Chritin
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https://lwww.sciencedirect.com/science/article/pii/S0168900223000840
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Laser beam envelope at merging chamber #1

Beam profile at
merging chamber
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Laser beam envelope at merging chamber #1

Drift tube




IR timing

PC1 PC2
Definition of IR beam crossing point:
Reflective prism
* For initial timing, cross-correlator will be needed
« After synchronization is achieved, the correlator Unfortunately this device is located at the
will be placed in the virtual lines injection point of e- bunch to 2" cell
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IR timing
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Virtual plasma source 1 l New T, Vl Virtual plasma source 2 Vl
reference
BTV BTV BTV BTV
Vapor source #2 is shifted downstream by 0.5 m, making the IR beam delivery path #2 longer.
Easy to compensate by using the delay lines in the compressor #2 conditioning optical table.
25

Z—
\ }
X7 4




Thank you for
your attention!
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