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Goals

* Run macroparticle simulations with a state-of-the-
art open source tracking code (PyHEADTAIL)

* Simulate several case-studies related to the course

* Play with beam parameters and observe the impact
on the longitudinal beam dynamics




Plan

* 1h00 towards the end of the course in the computer room

* Avirtual box with examples is prepared in the computer
room

* Following popular demand, it is also possible to set up your
own simulation environment on your own PC.

* The detailed procedure and examples are on the Indico site.

* Note: we should expect incompatibilities linked to open source codes!
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Introduction to PyHEADTAIL

* Open source macroparticle tracking code developed at CERN:
* Download link: https://github.com/PyCOMPLETE/PyHEADTAIL

* Primary use: tracking simulation of collective effects in synchrotron
accelerators
* Transverse and longitudinal beam dynamics (with feedback)
e Electron/ion cloud
* Impedances
* Space charge

* Reference:
Introduction to PyHEADTAIL: USPAS course by Kevin Li et al (2015)

* Not the only code of his kind!
* BLOND: longitudinal dynamics simulation code https://blond.web.cern.ch/
 HEADTAIL: the father of PyHEADTAIL! G. Rumolo et al (reference)
* elegant: 6D tracking code developed at Argonne National Lab (link)

* mbtrack and sbtrack: R. Nagaoka et al “Studies of Collective Effects in SOLEIL and DIAMOND
Using the Multiparticle Tracking Codes sbtrack and mbtrack”, PAC09, Vancouver, May 2009.

* ORBIT (http://web.ornl.gov/~jzh/JHolmes/ORBIT.html), pyORBIT (http://sourceforge.net/projects/py-orbit/)
* And so many others!



https://github.com/PyCOMPLETE/PyHEADTAIL
http://kli.web.cern.ch/kli/USPAS_Lectures_Collective_Effects/Lectures/USPAS_01d_pyheadtail.pdf
http://kli.web.cern.ch/kli/
https://blond.web.cern.ch/
http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/software.shtml#elegant

introduction to PyHEADTAIL

Courtesy Kevin Li
USPAS 2015

i
How does PYyHEADTAIL work? **

« PYHEADTAIL is a macroparticle tracking code designed
specifically to simulate collective effects in circular accelerators

o H_ltm: linear
transfer map

- Chromaticity

.
I - Amplitude detuning
 H_ kick: collective
interaction
- Wakefields
H\ltm _EE./ - Electron cloud
H_kick H_kick - Feedback
H_kick
- - Space-charge
&y | &~ S
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introduction to PyHEADTAIL

It
A real world example
» Load Python

Courtesy
Kevin Li packages and
USPAS 2015 modules

« Build linear
periodic
transfer maps

e Add
(collective)
kick elements

Monitors
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introduction to PyHEADTAIL

jQ
A real world example 5&

» Load Python
packages and
modules

Courtesy
Kevin Li
USPAS 2015
« Build linear
periodic
transfer maps
« Add

(collective)
kick elements

« Place beam

") I \/ USPAS - PyHEADTAIL 13/19
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In our case: only RF systems

Tracking

+ The motion of the particles can be tracked turn by turn using the recurrence
relation (between turn n and turn n+1)

AE =AE +e VRF [ sin ¢, — singbs]

2xhn

— [))SQ Es n+l I&n'%
A real world example

» Load Python
packages and
modules

¢n+l = ¢n

 Build linear
periodic
transfer maps
» Add

(collective)
kick elements

TJUAS- Jan 2016 - EMétral

USPAS - PYHEADTAIL 79
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ipython cheat sheet

 To restart the kernel at any point: “Kernel” = “Restart”

JUAS2016-Copy2 - Mozilla Firefox

about:sessionrestore JUAS exercises/  x [EESEIVFNSel) [ als T JUAS2016-Copy?2
€ localhost:8888/notebooks/JUAS exercises/ @ | |Q search wBe U 3 » =
:,, JU pyter JUAS201 E-CDWE Last Checkpoint: a minute ago (autosaved) P

File Edit View Insert Ce Kemel Help |P-;I-'|:-1E o

+ 3 By 4 4+ W MW Intemupt Cell Toolbar: | None j

Restart
. Reconnect | |
In [ ]:|# import required Restart the Kernel

;;;ig;tg?ggﬁef{:;.xElegfu:nun:. 1
* To only interrupt the kernel: “Kernel” = “Interrupt”

 Shift-enter: execute current cell and move to next cell
 Ctrl-enter: execute current cell and stay on current cell
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Tracking example: injection energy

¢ NTOF bunch in the CERN PS (near transition)

Average machine radius: R [m] 100
Bending dipole radius: p [m] 70 |
B [T/s] 0 |
Voo [KV] 200 1@
h ] injection
a, 0.027~
Longitudinal (total) emittance: &; [eVs] 2 ( => y,= 6.1
No 800 |
Norm. rms. tra 5
Trans. average betat 16
pipe [cm X cm] 35x%x7
Trans. tunes: Q. | 25

JUAS - Jan 2016 - EMétral Page 75




Tracking example: injection energy

\
g /U
\

¢ NTOF bunch in the CERN PS (near transition)

Ekin = 1.4e9 # in [eV]

100

Average machine radius: R [m]

Bending dipole radius: p [m] 70 _/ bending_radlus=7e £ in
B [T/s] 0 | > Bdot=0 # in T/s
h ] injection\
*p 0.027 ‘_'u'_-rf ;IEGeS_;# in [V]
Longitudinal (total) emittance: &; [eVs] 2 \( =>y,~ 6.1
NS ~ 200 t harmonic = 8

Trans. average betat 16 )
. amma tr = 6.1
pipe [cm x cm] 35x7 Jaa-
Trans. tunes: Q. | 25
JUAS - Jan 2016 - EMétral Page 75 \

sigma z ©= 230e-9/4*beta*c




Let’s run that example

e Use a small number of particles (n_particles™ 10) to observe
the synchrotron motion at large and small amplitudes

0.004

0.002+

...o......o....

0.000

Delta p/p

—0.002 |

—0.004 |

=30 =20 =10 0 10 20 30

— Can you estimate the synchrotron tune Qs? Is it consistent with the course?




Synchrotron motion

e Use a larger number of particles (~500) and reset the graph every time

(“plt.cla()” uncommented)

0.004}
0.002 A
| _—a . . e
7 gt FE AN . ~
T e &é-’ {?-‘ T
-~ . ' ..‘. ' .- 'l'.l . )
g PR R 3. < 7w R E RN BEIN
0.000] * . o o O V.oyne oo
R vy A
NN
i"‘- "J ‘l' .. ;
— . ‘ ‘.. .. L] :___..-'
—0.002 ~ *- H sed -
~0.004|
30 20 -10 0 10 20 30
zinm

—> Are the particles rotating in the correct direction?
- Plot the phase space as in the course (in ¢[degrees], AE [MeV])

- |Is the maximum energy consistent with the course?




Top energy

* What parameters should be changed for top energy
(still no acceleration and h=8)?

* What changes in the plot compared to injection
energy’?
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Impact of phase mismatch

* Remove the division by 10 in sigma_z O
* Generate ~1000 particles
Add e.g. 5 or 20 m to all particles: bunch.z =bunch.z+5

Track particles for ~5000 turns
Plot the distribution every 10 or 100 turns: if i%188 ==

0.004 0,004
0.002| e .. '-”:' - ] 0.002
— . ~—
- .;3 { , r’ l&' n . .
°* ' .‘.. o L4 ' L] - -
a w \ ""- . L SR P a
a d Lo ot e Y B0 et = 0000
® 0.000| e Ll r,,;. > 5 o000}
g ™ * L] x . " 2
(=] *.'. ‘ﬁ.. m' e *
- . :.’0: 033 .t. o.__:_..
~— A | N [y s o0
-0.002 ~.\ s oe 4 e :
—0.004 —0.004
i =20 0 o 5
30 20 -10 0 10 20 30 _
zinm

—> What will happen?




Impact of phase mismatch

* Use a smaller bunch length (e.g. divide by 10)

* Generate ~1000 particles

 Add e.g. 5mto all particles: bunch.z =bunch.z+5
* Track particles for ~5000 turns

* Plot the distribution every 100 turns: if iz1@88 ==

0.004 -
0.004

Delta p/p
Delta p/p

—0.002 . _— —0.002|
_ — ——

—0.004 —0.004

e —— —

0.002 — T 0.002} 4

0.000 -.I © 0000} ]
] (4

S0 20 10 ) 10 20 30 - - - -
_ 30 20 -10 ] 10

- What will happen?




Impact of phase mismatch

* Use a smaller bunch length (e.g. divide by 10)

e Use ~1000 particles

 Add e.g. 5mto all particles: bunch.z =bunch.z+5
* Track particles for ~*5000 turns

* Plot the distribution every 100 turns: if iz188 == @:

0.004 0.004

0.002 — T 0.002 -

< 0.000

s 0.000 |
: : \
- _

—0.002 T~ — ~0.002 S~

)
&

/

\/

\
)

—0.004

—0.004

- Filamentation and eventually?




Impact of phase mismatch

e Use a smaller bunch length (e.g. divide by 10)
e Use ~1000 particles

* Add e.g. 5m to all particles:

* Track particles for ~500000 turns

* Plot the distribution every 1000 turns

Delta p/p

000000

—————————

Delta p/p

000000

30 20 10

- Filamentation and eventually?




Impact of phase mismatch

Delta p/p

* Use a smaller bunch length (e.g. divide by 10)
e Use ~1000 particles

 Add e.g. 5m to all particles:
* Track particles for ~500000 turns

* Plot the distribution every 100 turns:

0.004

0.002

0.000 <

—0.002

—0.004

Delta p/p

0.004 |
0.002} P _— B
/
0.000 |
\
—0.002f K‘““Hmh_ -
—0.004 |
30 20 10

- Eventually emittance growth
- Try also with larger mismatch (20 m)
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Impact of voltage mismatch (too high)

* Use the nominal bunch length
 track 1000 particles for 500 turns (plot every 10 turns)
 Change V_RF to V_RF*10 after the bunch is matched to

V_RF # Define RF systems
rfsystems = RFSystems(circumference, [harmonic], [V_rf*18]. [phi_offset],
glpha c array, gamma, p increment=p increment @)

0.010

0.010

0.005¢ 0.005}

2 2
a - a
= 0.000 |- 3 =1 —p» m 0.000
7} T
o (a]
—0.005} —0.005}
—0.010 . .
— _ _ —0.010 L L L L . L .
30 20 10 : 0 10 20 30 30 0 10 0 10 20 30
zinm :
zinm

- What will happen?




Impact of voltage mismatch (too high)

Delta p/p

* Use the nominal bunch length
 track 1000 particles for 500 turns (plot every 10 turns)

 Change V_RF to V_RF*10 after the bunch is matched to

V_RF # Define RF systems
rfsystems = RFSystems(circumference, [harmonic], [V_rf*18]. [phi_offset],
glpha c array, gamma, p increment=p increment @)

0.010 0.010
0.005} 0.005}
=
_— a
0.000 = —> & 0.000
7]
o
—0.005 _0.005/|
—0.010 - . : :
= = = —0.010 - . -
30 20 10 _D 10 20 30 30 50 =T ) 10 20 30
zinm ;
zinm

- Bunch rotation
— Bunch shortening. if phased correctlv. but...



Impact of voltage mismatch (too high)

e Use the nominal bunch length
 track 1000 particles for 5000 turns (plot every 100 turns)

 Change V_RF to V_RF*10 after the bunch is matched to

- # Define RF systems
rfsystems = RFSystems(circumference, [harmonic], [V_rf*18]. [phi_offset],
glpha c array, gamma, p increment=p increment @)
0.010 0.010

0.005

0.000

Delta p/p

—0.005

0.005

0.000

Delta p/p

—0.005

—0.010

—0.010

20

— But should not wait too long!
- Emittance srowth!



Impact of voltage mismatch (too low)

e Use the nominal bunch length
 track 1000 particles for 500 turns (plot every 10 turns)

e Change V_RF to V_RF/10 after the bunch is matched to
V_RF

* Adapt the deltap plotting limits

0.003 T T T T T T T 0.003 ‘
L io
0.002 0.002| o Voo, o °
e B,
o _ v A4 A0
i 0.001} o Qﬁ:m per 35 g0l ‘:::'r .
,f‘ -0‘. [ .. '.&. .‘}b\.\
= — > & P { & 'g’ e
£ 0000 5 0 '\“"'o£ L TR 0?"' *
3 § \\“\':2 ."t A 5 b .’0:.0 e
~0.001 2 .0' 4 ~0§ .‘.‘30 .’!’ozg/.'
: ~0.001] = W\ e e
PR St
oFeg¥ 3t
—0.002 2%, 0 JBgpse 0
J —0.002} o P - e
‘e e m, e
*
—0.003
30 —20 10 0 10 20 30 —0.003 -
: 30 20 10 0 10 20




Impact of voltage mismatch (too low)

* Use the nominal bunch length
* track 1000 particles for 500 turns (plot every 10 turns)

* Change V_RF to V_RF/10 after the bunch is matched to
V_RF

* Adapt the deltap plotting limits

0.003

0.003

0.002 0.002}

0.001 0.001}

0.000 0.000 |

\ 4
Delta p/p

Delta p/p

—0.001
—0.001+

—0.002

-0.002}

—0.003

zinm —0.003 - - .
50
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Impact of acceleration

* Use the nominal bunch length
* Use 200 particles

* Use V_RF=20 kV

e Use Bdot=2.2 T/s

* Does it work? Why?



Impact of acceleration

* Use the nominal bunch length

* Use 1000 particles

Use Bdot=2.2 T/s

Change VRF to 200 kV

Compute the synchronous phase

Plot the phase space in in d[degrees], AE [MeV]

0.004 -

0.002

Delta p/p

0.000

—0.002

—0.004

30 20 10 0
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Setting up the operating system

* |Install a virtual box to get an Ubuntu environment

Exa https//www.vittualbox.ore/wiki/Downloads B -~on "o e

search...
Login  Preferences

Download VirtualBox

Here you will find links to VirtualBox binaries and its source code.

About

Screenshots VirtualBox binaries

Downloads By downloading, you agree to the terms and conditions of the respective license.

Documentation If you're looking for the latest VirtualBox 6.0 packages, see VirtualBox 6.0 builds. Please also use version 6.0 if you need to run VMs with software virtualization, as this has been discontinued in

End-usar docs 6.1. Version 6.0 will remain supported until July 2020.

If you're looking for the latest VirtualBox 5.2 packages, see VirtualBox 5.2 builds. Please also use version 5.2 if you still need support for 32-bit hosts, as this has been discontinued in 6.0. Version

Technical dacs 5.2 will remain supported until July 2020.

Contribute
& VirtualBox 6.1.16 platform packages —

Community
e = Windows hosts
e =2 0S X hosts
e Linux distributions
e = Solaris hosts

The binaries are released under the terms of the GPL version 2.
See the changelog for what has changed.

You might want to compare the checksums to verify the integrity of downloaded packages. The SHA256 checksums should be favored as the MD5 algorithm must be treated as insecure!

¥ Oracle VM VirtualBox Manager - m] *

s adel

Preferences  Import Expd A Create Virtual Machine

* Create a new virtual machine were oo

The left part of application window contains ¢
virtual machines and virtual machine groups «

. .
can import, add and create new VMs using cc Please choose a descriptive name and destination folder for the new virtual
W I u I l u - I buttons. You can popup a tools of currently ¢ machine and select the type of operating system you intend to install on it.
corresponding element button, The name you choose will be used throughout VirtualBox to identify this

machine.

File Machine Help

‘You can press the F1 key to get instant help
www. virtualbos.org for more information anc Name: ‘JUAS 2021 ‘

Machine Folder: C:\Users\bsalvant\VirtualBox VMs

Type: | Linux

Version: | Ubuntu (64-bit)

Expert Mode | [ Ned | Concel



https://www.virtualbox.org/wiki/Downloads

In case of a “VTx” error or an impossibility to select 64 bit
operating system when launching the virtual machine, one needs
to turn Virtualization Technology (VTx) on in the BIOS (see chapter
10.3 in https://www.virtualbox.org/manual/ch10.html#hwuvirt )

File Storage ecurity

Hewlett-Packard Setup Utility
Power Advanced

Setup Password
Power-0n Password
Device Security

E System Security

Enabled

BE| Data Execution Prevention
PEnabled

il Virtualization Technology (VTx)

Virtualization Technology Directed I/0 (vTd) Disabled

F10=Accept, ESC=Cancel
System Security



https://www.virtualbox.org/manual/ch10.html#hwvirt

Create virtual machine

Create Virtual Machine

Name and operating system

Please choose a descriptive name and destination folder for the new virtual
machine and select the type of operating system you intend to install on it.
The name you choose will be used throughout VirtualBox to identify this
machine.

Name: |JUAS 2021 |

Machine Folder: ‘ C:\Users\bsalvant\VirtualBox VMs V|
Type: |Linux ~ | @/
Version: |Ubuntu (64-bit) - |

E)q)erth‘lode“ Next H Cancel




&= (Create Virtual Machine

Memory size

Select the amount of memory (RAM) in megabytes to be allocated to the
virtual machine.

The recommended memory size is 1024 MB.

II"-'""""""IIIII||||||||| ME

4 MB 16384 MB

- 2 GB is recommended by Ubuntu. This setting can be modified later.




Create Virtual Hard Disk

Hard disk file type

Flease choose the type of file that you would like to use for the new virtual hard
disk. If you do not need to use it with other virtualization software you can leave
this setting unchanged.

(@ VDI (VirtualBox Disk Image)
() WHD (virtual Hard Disk)
() VMDK (Virtual Machine Disk)

EmertmdeH Next || Cancel




& C(Create Virtual Hard Disk

Storage on physical hard disk

Flease choose whether the new virtual hard disk file should grow as it is used
(dynamically allocated) or if it should be created at its maximum size (fixed size).

A dynamically allocated hard disk file will only use space on your physical hard
disk as it fills up (up to @ maximum fixed size), although it will not shrink again
automatically when space on it is freed.

A fixed size hard disk file may take longer to create on some systems but is often
faster to use.

@ Dynamically allocated
() Fixed size

Next || Cancel




& C(Create Virtual Hard Disk

File location and size

Flease type the name of the new virtual hard disk file into the box below or click
on the folder icon to select a different folder to create the file in.

|C:\Benoit\WUAS 2021\JUAS 2021.vd |

Select the size of the virtual hard disk in megabytes. This size is the limit on the
amount of file data that a virtual machine will be able to store on the hard disk.

v

Create | | Cancel

- Assign 20 GB if possible.




Tip: allow shared clipboard if you wish

@ Oracle VM VirtualBox Manager

File  Machine Help

.

Settings J| Discard  Start

neral

- O ped

E{ Freview

In “settings” = “advanced”
of the newly created VM

Name:
Operating Sy JUAS 2021 - Settings
E Systen
g General General
Base Memonry
izzzlg::,g;; @ System Easig Description Disk Encryption
!| Display Snapshot Folder: C:\Benoit\JUAS 2021\Snapshots W
Shared Clipboard:
Storage
M pisplay (ED] Audio
Video Memol
Graphics Con ﬂl Metwork
Remote Desk
Recording: @ Serial Ports
Storag
(5 s
Controller: I
IDE Second D
Controller: S Shared Folders
SATA Port
E‘ User Interface
oK | | Cancel




Start the VM

W Oracle VM VirtualBox Manager

File  Machine Help

i

Mew  Settings Discary
= ueneral

Name: JUAS 2021
Operating System: Ubuntu (64-bit)
E] System

Base Memory: 2048 MB

Boot Order: Floppy, Optical, Hard Disk

Acceleration:  VT-x/AMD-V, Nested
Paging, KVM
Paravirtualization

!J Display

Video Memory: 16 MB
Graphics Controller: YMSVGA
Remote Desktop Server: Disabled
Recording: Disabled
@ Storage

Controller: IDE

Controller: SATA

EI Freview

JUAS 2021

IDE Secondary Master: [Optical Drive] Empty

SATA Port 0: JUAS 2021.vdi (Normal, 20.00 GB)




Agenda

* Goals

* Plan

* Introduction to PyHEADTAIL
e Structure of ipython files

* Tracking examples
* Impact of phase mismatch
* Impact of voltage mismatch
* Impact of acceleration

e Setting up the environment
* Virtual box
e Ubuntu
 Anaconda
 PyHEADTAIL




Download ubuntu

* https://www.ubuntu.com/download/desktop
(beware quite large iso file — 2.6 Go)

U a https://ubuntu.com/download/dedktop

CAN®NICAL We are hiring  Products ~

ubuntu® Enterprise ~  Developer ¥ “Community ¥  Download v Search

Downloads Qverview Cloud loT Raspberry Pi Server Desktop Alternative downloads Ubuntu flavours

Download Ubuntu Desktop

Ubuntu 20.04.1 LTS

Download the latest LTS version of Ubuntu, for desktop PCs and laptops. LTS stands for
long-term support — which means five years, until April 2025, of free security and
maintenance updates, guaranteed.

Download

For other versions Ol e kLop including

Ubuntu 20.04 LTS release notes & torrents, the network installer, a list of local mirrors,

and past releases see our alternative downloads.
Recommended system requirements:

@ 2 GHz dual core processor or better @ Internet access is helpful
@ 4GB system memory @ Either a DVD drive or a USB port for the

@ 25GB of free hard drive space installer media



https://www.ubuntu.com/download/desktop

r

You have the Auto capture keyboard option turned on. This will cause the Virtual Machineto % ./

Select start-up disk

Please select a virtual optical disk file or a physical optical
drive containing a disk to start your new virtual machine
from.

The disk should be suitable for starting a computer from and
should contain the operating system you wish to install on
the virtual machine if you want to do that now. The disk will
be ejected from the virtual drive automatically next time you
switch the virtual machine off, but you can also do this
yourself if needed using the Devices menu.

ubuntu-20.04.1-desktop-amdé&4.iso (2.59 GB)

=l [ (#rignt an

You may have to click on the small green arrow to browse
for your Ubuntu installation image



Install ubuntu

Jan8 1534

Install

Welcome

Eesti
Espafol
Esperanto
Euskara
Frangais
Gaeilge
Galego
Hrvatski

islenska Try Ubuntu
Italiano

Kurdf You can try Ubuntu without making any changes to your computer, directly from
Lakviski this CD.

Lietuviskai

Or if you're ready, you can install Ubuntu alongside (or instead of) your current

Magyar operating system. This shouldn't take too long.

MNederlands

No localization (UTF-8) )
T T You may wish to read the release notes.

QONEs  ERDIEErma




Choose the appropriate keyboard for your personal use
(your physical keyboard configuration).

o . - 5 - B -
JUAS 2021 [Running] - Oracle VM VirtualBox — O >
File Machine View Input Devices elp

Jan8 15:39

Install

Keyboard layout

Choose your keyboard layout:

English (Ghana) English (US)

English (Nigeria) English (US) - Cherokee

English (South Africa) English (US) - English (Colemak)

English (UK) English (US) - English (Dvorak)
English (US) - English (Dvorak, alt. intl.)

Esperanto English (US) - English (Dvorak, intl., with dead keys)

Estonian English (US) - English (Dvorak, left-handed)

Faroese English (US) - English (Dvorak, right-handed)

Filinino PSRN PN T PSS S P T S ST, 1

Type here to test your keyboard

Detect Keyboard Layout

Quit Back Continue

[ N NONONONONO!
Qok&s =kElE R rint o

My keyboard is English (US)



Choose normal installation

i AT I TR 1 el 5 P R i T T SN T .
JUAS 2021 [Running] - Oracle VM VirtualBox — O *

Jan8 15:47

Install

Updates and other software

What apps would you like to install to start with?
© Normalinstallation

Web browser, utilities, office software, games, and media players.

Minimal installation

Web browser and basic utilities.
Other options

Download updates while installing Ubuntu

This saves time after installation.

Install third-party software fFor graphics and Wi-Fi hardware and additional media formats

This software is subject to license terms included with its documentation. Some is proprietary.

Quit Back Continue

N N N NONONG®]
Q@i EilRglE st cr



Keep default installation and “install now” and
confirm with “continue” on the pop up

JUAS 2021 [Running] - Oracle VM VirtualBox —

File Machine View Input Devices Help

Jan8 15:48

Install

Installation type

This computer currently has no detected operating systems. What would you like to do?

© Erase disk and install Ubuntu
Warning: This will delete all your programs, documents, photos, music, and any other Files in all operating systems.

Advanced features...  None selected

Something else JUAS 2021 [Running] - Oracle VM VirtualBox — O b2d
You can create or resize partitions yourself, or choose multiple partitions For Ubuntu. File Machine View Input Devices Help

Quit Back Install Now Write the changes to disks?

If you continue, the changes listed below will be written to the disks. Otherwise, you will be able to make Further
changes manually.

The partition tables of the following devices are changed:

(N N N N NON® SCS13(0,0,0) (sda)

The Following partitions are going to be formatted:
u - partition #1 of SCSI3 (0,0,0) (sda) as
@D{'Eﬁ @'Eﬁ”@@ Right Ctrl partition #5 of SCSI3 (0,0,0) (sda) as ext4

@0 o = P @ R right at

Then choose time zone and login details




JUAS 2021 [Running] - Oracle VM VirtualBox

File Machine View Input Devices Help

B Full-screen Mode Host+F
Seamless Mode Host+L
Scaled Mode Host+C

[ ]

Adjust Window Size Host+A
=]
w

Auto-resize Guest Display

Take Screenshot... Host+E
3 Ba(i§ Recording

. . Ap\i Menu Bar 4
* Then wait for file copy and Ubuntu T sanso :
. . . . . %) virtual Screen 1 " Resize to 640x480
Resi. 800x600
installation restart the machine after it @ s ———
i | vl : Rente o 126020
IS CO m p ete £ Privacy 3 Resize to 1280x800
Resize to 1366x768
< online Accounts Resize to 1440x900
Resize to 1600x900
= Sharing Resize to 1680x1050
® Resize to 1920x1080
. sound Resize to 1920x1200
* |f the screen is too small o
’ ower Scale to 125% (autoscaled output)

* Change the scaling/seettings in the VM — e

) Mouse & Touchpad Scale to 200%

Scale to 225%

o r (= Keyboard Shortcuts Scale to 250%

Scale to 275%

. . . . W) Printers Scale to 300%

* change the display settings inside Ubuntu e

or Color
e shutdown the VM
* go to the VM Settings
* » Display

®

Devices Displays

Unknown Display
B Keyboard

Pons o

1440 x 900 (16:10)
1280 * 960 (4:3)

e ) Scree n & Mouses Touhpad Offertation Undscape
# Pprinters Resolution 1152 » 864 (4:3)
* » Graphics Controller = VBoxVGA w
= € Thunderbolt amEeIEn
9 Night Light 1856 = 1392 (4:3)
- # Wwacom Tablet 1792 x 1344 (4:3)
ﬂ & Color 1920 = 1200 (16:10)
1600 » 1200 (4:3)
1680 = 1050 (16:10)
s oo wten
1280 * 1024 (5:4)
)




Agenda

* Goals

* Plan

* Introduction to PyHEADTAIL
e Structure of ipython files

* Tracking examples
* Impact of phase mismatch
* Impact of voltage mismatch
* Impact of acceleration

e Setting up the environment
 Virtual box
* Ubuntu
* Anaconda
* PyHEADTAIL




Install anaconda

Download anaconda for Linux at
https://www.anaconda.com/distribution/#download-section

or type
> wget https://repo.anaconda.com/archive/Anaconda3-2020.11-Linux-x86 64.sh

= Then install it by typing

> sh Anaconda3-2020.11-Linux86_64.sh

In the download directory



https://www.anaconda.com/distribution/#download-section
https://repo.anaconda.com/archive/Anaconda3-2020.11-Linux-x86_64.sh

Do not forget to add Anaconda to path
(answer yes or add the path yourself in the
“bashrc” configuration file)

Juas@juas-VirtualBox: ~
File Edit View Search Termina
pk
pk
pk
pk
pk
pk
pk
pk
pk
pk
pk
zeromg pk
zict pk
zipp pk
zlib pk G
zstd pkgs/mai

reparing transaction: done
xecuting transaction: done

Jo you wish the ins - to initialize Anaconda3
conda init? [yes|no]

- Restart the shell (“>>source .bashrc” from the home directory)
- Check that “>>ipython notebook” works

- Anaconda contains all the necessary libraries to run PyHEADTAIL.



Agenda

* Goals

* Plan

* Introduction to PyHEADTAIL
e Structure of ipython files

* Tracking examples
* Impact of phase mismatch
* Impact of voltage mismatch
* Impact of acceleration

e Setting up the environment
* Virtual box
 Ubuntu
 Anaconda
 PyHEADTAIL




Installing PyHEADTAIL

e website for installation and information:
https://github.com/PyCOMPLETE/PyHEADTAIL

(base) juas@juas-VirtualBox: ¢ sudo apt-get install gcc

(base) juas@juas-VirtualBox: ¢ pip install PyHEADTAIL

Add path to the end of the .bashrc to be able to import PyHeadtail from everywhere:

juas@juas-VirtualBox:

# PyHEADTAIL
~” export PYTHONPATH=/home/juas/:SPYTHONPATH

This only updates once a new terminal is opened (or do source ~/.bashrc)


https://github.com/PyCOMPLETE/PyHEADTAIL

In case of issues with PyHEADTAIL installation, most
likely it is that fortran and C need to be installed:

* sudo apt-get install gfortran
e Sudo apt-get install gcc




Finding the examples

* From JUAS 2021 Indico site in the last tutorial of the course:
https://indico.cern.ch/event/976482/timetable/

U a https://indico.cern.ch/event/976482/timetable/ 80% eee [

LEREN — 16:00 Transverse Dynamics
Speaker: Hector GARCIA MORALES (u

FRIDAY, 15 JANUARY

Longitudinal Dynamics

Moderator: Benoit Salvant

1_JUAS2017_injecti. 2_JUAS2017_injecti 3_JUAS2017_injecti 4_JUAS2017_injecti 4_JUAS2017_injecti

Moderator: Benoit Salvant
Speakers: Benoit SALVANT (cern), Elias METRAL (cer

Virtual visit to ALICE Experiment at LHC

This event will be conducted as a Zoom Webinar launched from a separate Indico page. The main JUAS Course 1 link will not work. The link will appear here on 15
January

Speakers: Despina HATZIFOTIADOU (universita & INFN, Bologna (iT)) , John JOWETT (csi - Helm 784 fur Schwerionenfors cmbH (pe)), Roberto
DIVIA (cer

Introduction to CERN & Its accelerator complex
Maoderator: John Jowett

Speaker: Reyes ALEMANY FERNANDEZ (cer

- Download the *.ipynb files and open them browsing with
“ipython notebook”


https://indico.cern.ch/event/976482/timetable/

Changing variables

¢ Change of variables if one wants to use (®, AE) or (At, AE) instead of (®, d®/dt)

Ad =0 -
-4 o_BE o mhe 4
=8 5 p_ﬁsc B, E, R
=hw, At
6 |
‘ Cavity
S 2]
§ Sl U A . S 000 E
» -0.02 h
Agp[rad] = 7 z|m]
-6 1 —-0.04
. A ‘ Curvatun? radius A Ap
— - . —_ _ 2.2
1.5 1.0 0.5 zo[.rf:ﬂ 0.5 1.0 15 AE = mOyIB C
Ap

For protons |AE[GeV] = D 0.938 y3°




