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Scheinker, Gessner, PRSTAB 18 102801 (2015)

Example - Bunch profile prediction at FACET
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Scheinker, Gessner, PRSTAB 18 102801 (2015)

Example - Bunch profile prediction at FACET
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Scheinker, Gessner, PRSTAB 18 102801 (2015)

Example - Bunch profile prediction at FACET
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Convergence rate and accuracy is
sensitive to the initial parameter guess
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Furthermore, we hope to one day utilize LiTrackES as an
actual feedback to the machine settings in order to tune for
desired electron beam properties.




Motivation for FACET-II work

"

(Advanced) Diagnostic
Measurements

SLAC Linac Tunnel (Sectors 10 — 19)

B(I
Final Focus &
Experimental Area
W-Chicane

FACET-II will deliver beams with exciting characteristics:
~10 GeV, 100 kA, 8y/y~1 %, en~1 um, 0L ~10 pum

(1) Can we meet the challenge of measuring such intense beams by using:
~ Advanced non-destructive diagnostics
= Interplay between experiment and (real-time) simulations

to recover the beam phase space on a shot-by-shot basis?
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Motivation for FACET-II work

"

(Advanced) Diagnostic

Measurements
B]
Final Focus &
Experimental Area
SLAC Linac Tunnel (Sectors 10 — 19) W-Chicane

FACET-II will deliver beams with exciting characteristics:
~10 GeV, 100 kA, 8y/y~1 %, en~1 um, 0L ~10 um

Software
Modeling

(1) Can we meet the challenge of measuring such intense beams by using:
~ Advanced non-destructive diagnostics
= Interplay between experiment and (real-time) simulations

to recover the beam phase space on a shot-by-shot basis? Predictive

feedback

(2) Can we use the predictive properties of (1) to feedback on the machine and produce the
phase space we want?
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FACET-II Diagnostic improvements

"

Wires

CER Monitor
\4 IR Spectrometer

) L2 (e7) )—/_\-Q L3 (e’ "

Similar to LCLS-I

: See N. Lipkowitz \ \
{ FACET-II CD2/3a Tech
i May 2016 CER Monitors Diagnostic
FACET-II will deliver beams with exciting characteristics:
diagnostics can constrain
(1) Can we meet the challenge of measuring such intense beams by using: the model parameters
~Advanced non-destructive diagnostics improve convergence and
~ Interplay between experiment and (real-time) simulations prediction

to recover the beam phase space on a shot-by-shot basis?

(2) Can we use the predictive properties of (1) to feedback on the machine and produce the
phase space we want?
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Concepts for Novel Beam Diagnostics at FACET-II

o1 A

Interference of Dipole Edge Radiation — Monitor for Beam
Divergence
e Fringe visibility depends on beam
divergence and emittance

e Jested with ~Tum
emittance and 60
MeV at BNL ATF

O. Chubar PhD thesis 1990

D AN

Betatron Radiation for Measuring Ultra-low Emittance
e Central betatron wavelength proportional to beam energy
e [inewidth of the radiation proportional to beam emittance

\T/ Jo

Gam
maq-
Electron @-rays

lon cavity
(positiv Iy charged) I:’Iastmr;a

Plasma electron
sheath
(negativ ly charged)

Electron bunch \‘/

Betatron
orbit

J. Rosenzweig, 2016 FACET-Il Science Workshop

Quadrant EOS to Measure r-t Beam Correlations

e (Goal is to measure correlation along
~1ps long bunch

Ruys
e Spectrally \ § j
encoded EOS with NS ‘/—\ ;
imaging . % R l
spectrometer |
enable non-

destructive _ é
measurement of
correlations

V. Yakimenko, Private comm.

Bunch Length Monitor for 3-30fs Long Bunches

e |aser light resonantly pumps gas to excited state

* Relaxation to intermediate state triggered by beam field

e Emission rate from intermediate to ground state depends
on temporal spectrum of the beam field

=y
—»

meas

/44

API

pump

| 4
M. Zolotorev, Private comm.

Unprecedented beams at FACET-II provide exciting diagnostic challenges

V. Yakimenko, ExXHILP, September 5, 2017



Concepts for Novel Beam Diagnostics at FACET-II

1l A

Interference of Dipole Edge Radiation — Monitor for Beam
Divergence
e Fringe visibility depends on beam
divergence and emittance

e Tested with ~1um
emittance and 60
MeV at BNL ATF

O. Chubar PhD thesis 1990
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Betatron Radiation for Measuring Ultra-low Emittance
e Central betatron wavelength proportional to beam energy
e [inewidth of the radiation proportional to beam emittance
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Coherent undulator radiation bunch length monitor

- Off-axis intensity peak angle depends on bunch length
 Coherent emission at long wavelengths A>0;

- Integrated off-axis intensity also
sensitive to o;

-

A=Aw/2y2*(1+aw?)

10



Schematic software learning workflow

-------------------------------------------------
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Inverse problem - model driven feedback
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LCLS example - machine learning optimization of FEL
—

» Learned from Start-to-end simulation data: Zig zag > 50% increase over

continuous profile l

o Taper profile
» Taper optimizer:
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NATIONAL ACCELERATOR LABORATORY




First steps before the accelerator is on

1 A

Lucretia - GPU operation/speedup
Using Lucretia output as “training data” for AI model.

Open Questions:
-~ Where do we put what advanced diagnostics?

-~ What diagnostics are most important to constrain the model?

> Can we use the simulation to tell us which parameters the fit is
most sensitive to?

- Small team of people working on it (B. O’Shea, G. White, N.
Lipkowitz...) more collaborators/useful ideas are welcome!
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Conclusions

1 A

DS

> We are planning on using Al techniques to predict and correct 6d phase
space on a shot-by-shot basis at FACET-II

~ Confidence and motivation comes from successes of previous Al schemes
for prediction/feedback (LCLS, FACET, DESY, LANL...)

~ The task is challenging due to intense beam parameters requiring
advanced non-destructive diagnostics.

> Significant effort in using simulations as “training data” may improve
convergence rate of model by constraining parameters

~ Fast model-based predictions can allow for real-time virtual experiments
to accompany routine machine operation with significant benefit for users

C. Emma, FACET-II SCIENCE WORKSHOP, Oct., 2017
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Additional slides
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Example from meteorology - Data assimilation

ol Ao
Dk M\
- Prediction step
Prior knowledge Pi_q11-1
of state ~— )A(A'—'l'k—l — Based on e.g.
—1lk physical model _ _
L \ | Kalman filter update equations
Next timestep 1?A-|1;—1
k+k—+1 Xk|k—1
Pk i Update step Measurements

%1, <—Compare prediction ie—
ilk : to measurements Yi | -
Output estimate
. of state

« Can we improve the dependence of the model’s accuracy on the initial guess?

« “Data Assimilation (DA) is a class of methods that combines uncertain models with
uncertain data to provide the best estimate of the system state at a given point in
time”

 Useful for weather forecasting models very sensitive to initial conditions - the
“butterfly effect”

« Measurements of the system are combined with numerical models to gain a global

view of the system | _ -
J. Sousa, C. Gorle, “Improving urban wind flow predictions through data
C. Emma, FACET-II SCIENCE WORKSHOP, Oct., 2017 assimilation” Stanford University 17



COUR bunch length diagnostic
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e Measuring change in total integrated intensity (cutting off small angle contribution) gives changes in bunch length. Off-axis
intensity should be on the order of on-axis power ~ O(1) nJ for 10 periods, can be detected with bolometer (1 pJ resolution at BNL)

 Total intensity can be calibrated against TCAV to give absolute measurements (right plot), and extrapolated beyond TCAV
resolution (~1 um at high energy?)

« Movements of the peak of the distribution also give changes in the bunch length but these are small at high energy (y9~100~5
mrad) so may be more difficult to detect.

» Note: f(0) depends on o, and oy coherent emission requires kooysin0<1 or o0y,0,<1/210~10 which should be ok with focused beam.
If condition isn’t met the change in intensity could be due to changes in beam transverse size.

« Note 2: calculation is in the “single frequency” limit which is strictly true for Ny— « , have to do the total integration over
frequencies for exact result.
C. Emma, FACET-II SCIENCE WORKSHOP, Oct., 2017 18



COUR bunch length diagnostic - transverse coherence
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e Measuring change in total integrated intensity (cutting off small angle contribution) gives changes in bunch length. Off-axis
intensity should be on the order of on-axis power ~ O(10) uJ, can be detected with e.g. gas detector

e Total intensity can be calibrated against TCAV to give absolute measurements (right plot), and extrapolated beyond TCAV
resolution (~1 um at high energy?)

* Movements of the peak of the distribution also give changes in the bunch length but these are small at high energy (y9~100~5
mrad) so may be more difficult to detect.

* Note: f(0) depends on 0, and oy coherent emission requires kooysin6<1 or oy,0,<1/210~10 which should be ok with focused beam.
If condition isn’t met the change in intensity could be due to changes in beam transverse size.

e Note 2: calculation is in the “single frequency” limit which is strictly true for Ny— o« , have to do the total integration over
frequencies for exact result.
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