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A (very rough) timeline of our codes
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Today

Probably a
huge DNN


https://gitlab.cern.ch/abt-optics-and-code-repository/simulation-codes/maptrack
https://github.com/fvelotti/madxBatch
https://gitlab.cern.ch/parrutia/henontrack
https://gitlab.cern.ch/fvelotti/pycollimate
http://mad.web.cern.ch/mad/releases/5.06.01/madxuguide.pdf
https://www.amazon.com/Tracking-Code-Analysis-Generalised-Courant-Snyder/dp/4431558020
https://blond-admin.github.io/BLonD/

Maptrack

MADX [ PTC

\ P Power series
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https://gitlab.cern.ch/abt-optics-and-code-repository/simulation-codes/maptrack

Great summary of the code by F. Velotti

Maptrack

\ HiRadMat s

/Conce t

- MADX lattice as input ) PTC
- PTC exploits fancy maths (TPSA) to ‘track’ (integrate) power series ———

around ring B
- We effectively obtain solution around the closed orbit for all particles — , Output z,

in one gO (v.f',r',f"'.f’"’.,I—> Algorithm _>(f,f',f”,f'",r’",...)Z

- Order of power series and number of sectors chosen for
accuracy/speed trade-off

\ - Power series used in python for tracking /

Xo/mis2
/

P. Arrutia, IFAST-REX Collaboration Meeting

Slow Extraction Simulations at CERN, 17 February 2022



https://indico.fnal.gov/event/20260/contributions/56642/attachments/35432/43234/SE_WS_ptc_tracking.pdf
https://indico.cern.ch/event/759124/contributions/3148182/attachments/1752521/2840144/tpsa.pdf

Maptrack
/m

- Trade off between accuracy and speed easily controlled
- Python implementation -> thread with anything!
- Couplings between coordinates easily readable
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Figure 2.22: Number of terms in a power series map, m=6.
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Figure 2.24: Relative action error.
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/Advancements

- Python interface for map generation

- Python benchmarking tool

- Symbolic representation of maps (sympy)
- ~10x speed-up with vector operations
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Maptrack,

Crystal shadowing SPS

- Combined python crystal
model
- Fast multi-dimensional scans

Qu ES wires
- «

10?

=)
Intensity (a.u.)

60 70 80

X / mm

Relative Loss
o
@

=@— SPS-type BLM - Pos = 70.00
~8— LHC-type
= Sim, pos=68.20 mm

examples

MedAustron extraction

- Combined python RFKO model
- Small machine -> hard to
speed-up!

septum

~0.0010
a

~0.0015

~0.0020

003 002 -001 000 001 002 003 004 005
x[m]

Method Time [us/particle/turn] | Comments

Maptrack 51 4th order, two sectors.
Maptrack 20

MADKX thin-lens track | 13

3rd order, two sectors.

4 slices per dipole, quad;

2 slices per sextupole.

Table 2.4: Time Benchmarking.

1500 1600 1700 1800 1900

Crystal angle / prad
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/PS octupole trapping \

- Combined python dynamic
octupoles and sextupoles
- Fast multi-dimensional scans

2 Gev simulation & Operation comp: ntour at 0.45 trapping

fersed Maptrack QSE
—— PS5 Octupole Scan

Sextupole strength k2

M0 G0 -0 -0 b s w0 130 200
Octupole strength k3
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https://indico.fnal.gov/event/20260/contributions/56642/attachments/35432/43234/SE_WS_ptc_tracking.pdf
https://cds.cern.ch/record/2749240?ln=en
https://indico.cern.ch/event/1089918/contributions/4581582/attachments/2371863/4050919/SLAWG_PS_SX_Octupoles.pdf

Henon 2D

MADX

L Henon 2D J

Simplified lattice

Drift-kick Fast
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Simulation for
frequency response study

M. Pari, F.M. Velotti, M.A. Fraser, V. Kain, O. Michels

Michelangelo Pari
Phys. Dep. G. Galilei and INFN Padova, Padova, IT
CERN, Geneva, CH

This project has received funding from the European Research
Council (ERC) under the European Union’s Horizon 2020 research and
innovation programme (grant agreement No 681647).
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Henon 2D

Concept

- Henon-map based 2D simulation model for frequency response of SPS spill* (link)

Features

- Very fast, up to 100x
- Batch jobs via
HTCondor

~

/

Using the SPS extraction parameters to configure the simulation, in particular:

T T
(17’) = R(QﬂQ") (:r,’ + Vi 22>
Setting up il ({ "’

henon map parameters

SPS QSWEEP 2018

Parameter Value

Momentum 400 GeV/c

Emittance 1.9 x 1078 m

. . . . One turn time 23 ps
.. SPS particle tune distribution Chromaticity _96.67
Resonant tune 26.66
Resonance Start of tune ramp 26.62
& End of tune ramp 26.72
Flat top duration 4.8s
Momentum range (d,) 3x1073

Virtual sextupole strength  169.3 m~%/2
Closed orbit bump (max) 48 mm
Electrostatic septum pos. 68 mm

Generating \
,SPS phase space & mom distr. Extraction condition

(*) Phys. Rev. Accel. Beams 24, 083501 (2021)
M.Pari, PhD Thesis, University of Padova

26.62 26.64 26.66
Q

IFAST-REX, 17/02/2022, M.Pari

http://paduaresearch.cab.unipd.it/13202
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https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.083501

Henon 2D, examples

Matching the two models:

SPS ® Use same SPS parameters Tune/kQ block: approximated with . ["-ﬁj N
@ Strength-to-tune conversion aslinearlsw: unpreprecs moEling aLT s “il,
@ Some mismatch can be expected due to tan beused if ngeded) b7 ‘ N

high simplifications of Henon model, BUT: .
Comparison between MADX and Henon models

- MADX
==+= Henon

The transfer functions from the complete MADX
model and the Henon one can be scaled
to be fully compatible:

10!

— In particular, the linear transfer functions _
(generic & amplitude independent)
show good agreement. < 10
Univocal definition of lin. transfer function:
solid result.

out / Ain

\ | Adjusting the o ::
10-! \ constant: full overlap
*
10! 10% MADX
Henon-map model captures the Frequency [Hz] spill / kQ
M: 't
essence of the process &“,‘,fc‘:m Tune /kQ |—={spill / Tune
Input cha.mber Tune tracted
current su-ength Henon spill
IFAST-REX, 17/02/2022, M.Pari 4 of 6
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http://paduaresearch.cab.unipd.it/13202/

Henon 2D, examples

SPS (i)

- MADX model validated with
operational data

- Noise floor removed via
theoretical transfer function
before running simulation

- High amplitude ripples (10s
of ppm)

- Low intensity run due to
technicalities (100x)

- Good agreement for most
injected frequencies

Linear ripple

~—— OP data: freq. response model

Amplitude [a.u.]

10!

102
Frequency [Hz]
(discrete peaks artifact of analysis)

Non-linear ripple

n
2 x 10°] [S=s;;

10°

Aot / A [a.u.]

6 x 10
10!

4% 10%

3x10%

10! 10?
Frequency [Hz]

— MedAustron

Model easily ported to other machine
Low-pass filter poles move by 50x
(Tsps/Tya = 59)

Lesson learnt: need high freq ripple
injection and measurements

~= 0.00014 D s L .

10!

10% 10°
Frequency [Hz]
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http://paduaresearch.cab.unipd.it/13202/

Henon 4D

MADX BlLonD

MJ

Simplified lattice

Drift-kick Fast
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https://gitlab.cern.ch/parrutia/henontrack
https://blond-admin.github.io/BLonD/

Henon 4D
-

\ Longitudinal Many particles
per turn

Concept \ /

- Goal: understand spill structure at vastly different timescales
- Normalised transverse (X, X’) based on M. Pari's code RF structure

(Henon 2D) (~MHz)
- Expanded to longitudinal (t, p) based on BLonD (Henon 4D)

. Y,

T \ PC Ripple (~kHz)

- Keep it modular: favour speed and add complexity if needed
- Dynamic effects (ramping, rippling...) easily programmable /\
turn by turn (or even more granular)

- Can run scans on HTcondor batch system

Transverse Many turns
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https://conference-indico.kek.jp/event/163/contributions/3150/
https://blond-admin.github.io/BLonD/modules/equations_of_motion.html

Henon 4D, example

- Study of bunch length with empty bucket channelling in PS

1 momentum Settings
Ignore phase dependent rotation 72 i0bs i lel d
advance between for everything else - JODS In paralie (scanne

Zt;(ptum and virtual — RF voltage and frequency)
Xy y 35 rm \ ﬂ - 100 000 particles per job

- 100 000 turns per job

PS
Sextupole Transport 25 - o ¢
S=77 m 2 24 GeV/c Q=19/3, Q'=-3.5, % »
n=0.02 .o 4
20+ °
4 °
All les i RF / E - N
gextupo es into V. =200 kv . E . ® e A ”
1 virtual sextupole £ "23 8 MHz All RFs (10) into 1 10 o
RF . L @ L)
effective RF 5
05 i >
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Henon 4D, example

Benchmarking with machine measurements:

1 10
Time — 028 3 3
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Next steps

Today
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Next steps
/Maptrack (Power series based) \ /Henon Kick-drift based \

- Full exploitation of PTC capabilities to - Continue communication with BLonD to
implement maps dependent on knobs add more longitudinal features
(e.g. magnet strength)

- Benchmark 4D dynamics vs. 6D dynamics

- Add feature to run on HTCondor system from standard code

- Extend to other phenomena (e. g. Slow

\ / \ extraction with octupoles) /

GPU implementations for further speed-up

- Hybrid solutions using both codes for certain applications: e.g. understand impact on beam loss
at septum from applying RF techniques such as empty bucket channelling
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Thank you!
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Extra slides
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