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The 380 GeV CLIC FFS

The final-focus system (FFS): e — j——— ]}
- Local chromaticity scheme o0 | | | | | | | |
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luning of the Final focus system

e [uning = reaching performance for a machine with impertections
- Studied extensively for CLIC and other linear colliders

e [he challenge
- Complicated, interleaved system with many effects
- Simulations are computationally heavy

e Qur simulation setup
- Tracking code: PLACET (has Python interface)
- Beam-beam code: GUINEA-PIG for computing the luminosity

e [irst objective
- A machine learning model for speeding up simulations
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Single-beam static tuning simulations

e Single-beam: only half of FFS, beam mirrored at |IP
o Static imperfections: transverse misalignments, rolls and magnetic strength errors
e Monte Carlo simulations. Tuning goal: 90% of machines successfully tuned

e Juning time Is essential for collider performance
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Previous work: ML and CLIC 3 TeV

Understanding tuned machines
e ML to categorize features of tuned machines

e [eature selection: try to determine which impertections that are more relevant
e 5 categories: correctors, quadrupoles, multipoles, bends, guadupoles & multipoles

e | imited data set (100 cases)
e Ongoing work For more information:

ML Modeling of Luminosity for FFS Tuning

Edu Marin*!  Rogelio Tomas® Gianluca Valentino®

1CELLS, Barcelona, (SPAIN)
2CERN, Switzerland
3University of Malta, Malta
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Sextupole offsets

Sextupole transverse offsets L e3a
- Big impact on luminosity
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Sextupole surrogate model

e [rain a model that can map sextupole transverse positions to Luminosity
e (Goal: to have a fast estimator

S], m—p
Data generation

e Simulate perfect machine with sextupole
transverse offsets (5, 10, 20 pym rms)
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Model performance

Luminosity Vertical beam size
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e [t seems difficult to get the mean error below 2-3%

e Part of it comes from Luminosity uncertainty (~1%)

e Accuracy Is not the most crucial aspect

e A model that correctly characterizes the behavior is very useful...
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Compare with full simulation

Simulation
e [uning of the perfect machine with
sextupole transverse offsets only

Jse the normal tuning knols and

full-scale tracking (100,000 macroparticles)

e At each step: evaluate luminosity from ML
model as well and save to file

Jim Ogren

—xample: mean(rel_error) ~1%
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Compare with full simulation
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e Not always good agreement

e Sometimes the sextupole knobs
tune towards large offsets

e (Qutside of reliable range of ML model
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Compare with full simulation
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e Not always good agreement e |mprovement of knobs
e Sometimes the sextupole knobs e Method designed using ML model
tune towards large offsets o Avoid large offsets
e (Qutside of reliable range of ML model o Better agreement with ML model
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Number of iterations
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Random walk algorithm - full simulation
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Sextupole and quadrupole offsets

¢ |nclude transverse offsets on sextupoles (12) and quadrupoles (20)
e Number of inputs: 52

S], m—p
Data generation

e Simulate perfect machine with sextupole and
guadrupole transverse offsets

e (Generated about 480,000 data points
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Sextupole and quadrupole tuning?

e [irst attempt of random walk tuning moving quadrupoles and sextupoles
e Previously: BBA separately from sextupole tuning
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e Not so robust yet
e Fine-tune algorithm (adjust step size)
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Sextupole and quadrupole tuning?

e [irst attempt of random walk tuning moving quadrupoles and sextupoles
e Previously: BBA separately from sextupole tuning

smaller step size
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e Not so robust yet
e Fine-tune algorithm (adjust step size)
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Sextupole and quadrupole tuning?

e [rst attempt of random walk tuning movi

e Previously: BBA separately from sextupole tuning
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e Fine-tune algorithm (adjust step size)
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Summary

e [uning Is crucial for a linear collider final-focus system - interesting problem

e Neural networks to act as surrogate models for CLIC 380 GeV FFS

e Fast simulations - testing of algorithms. Ex: optimizing random walk
o Also implemented a model including quadrupole offsets
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Summary

e [uning Is crucial for a linear collider final-focus system - interesting problem

e Neural networks to act as surrogate models for CLIC 380 GeV FFS

e Fast simulations - testing of algorithms. Ex: optimizing random walk
o Also implemented a model including quadrupole offsets

Outlook

o Extend model to include more imperfections

e |mprove on models: do we need more data or more knowledge”?

e Can we gain more knowledge from the models themselves?

e Solving the inverse problem??

e ML techniques for the tuning itself?

e Reinforcement learning”? Other technigues”?

e Related topics: luminosity estimate from other beam-beam signals?
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Thank you!
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Backup slides
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Model architecture

mode L
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mode l.

Keras.
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Keras.

import tensorflow as tf
= tf.keras.models.Sequential()
add(tf.
add(tf.
add(tf.
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add(tf.

Layers.
Layers.
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Dense(12,

Dense
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12
1Z,
12
12

Dense(4))
compile(optimizer="adam’,

loss="'mse', metrics=['mae'])

history=model.fit(x, y, epochs=400, batch_size=50, validation_split=0.1)

, activation="relu’

, activation="relu’
, activation="relu’

activation='relu', input_shape=(x.shape[l]l,)))

))
activation='relu'))
))
))

import tensorflow as tf

mode L

model.
mode L.
mode L.
mode L.
model.
model.
model.
model.
mode L.

mode L.

mode l.

= tf.keras.models.Sequential()
Dense(52, activation='relu', input_shape=(x.shapell],)))
, activation="relu’
, activation="relu’
, activation="relu

add(tf.
add(tf.
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add(tf.
add(tf.
add(tf.
add(tf.
add(tf.
add(tf.

Keras.
Keras.
kKeras.
Keras.
Keras.
Keras.
Keras.
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Layers.
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Layers.
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compile(optimizer="adam',

fit(x, y, epochs=1000, batch_size=50, validation_split=0.1)
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1))

loss='mse', metrics=['mae'])
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, activation="relu
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activation='relu'))
))
))
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Jim Ogren

ICFA Workshop on MLCPA - February 2019

Sextupole model

Sextupole and quadrupole model




Training history - Sextupole model, 5 Layers
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Sextupole knobs

® [ransverse movement of sextupoles

® [he response matrix of 2nd order moments
- SVD to find orthogonal ’knobs’ (vectors from matrix V)

ao-xx adxx 06XX adxx
X,  oX, oY, JY,
ao-xx : ao-xx : aaxx : aaxx :
Uzl = | ox, = ox, ov, o
aGZZ . aGZZ aGZZ .. aGZZ
ox, X,  aY, JY,

e Fach knob Is scanned over some range and luminosity Is maximized

e Similarly for the octupoles
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