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HeadTail development

Proposed file structure for future development

HeadTail source
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HeadTail development

Proposed file structure for future development

54 (O HeadTail_290710.tar.bz2 — Ark E=
Datei Aktion Einstellungen Hilfe

° =

New  Offnen  Dateien h\an'hzufugen Ordner hinzufligen Entpacken
Dateiname v Groke Eigentumer Gruppe Datum
»/ FUnPIC.h 25,6 KIB K si 04.08.2010 17:45
Makefile 8208 ki si 04.08.2010 1

) Objgeam h 18,8 KIB i si 04.08.2010 18:03 .
1 ObjCloud.h 18,0 KIB Ki i 04.08.2010 18:00 HeadTail_290710.tar.bz2
) ObjDistribution.h 6,1 KB i si 04.08.2010 17:53
1) ObjField.h 8,9 KB ki si 04.08.2010 17:49
1/ ObjFileh 22 8 KiB Ki si 04.08.2010 17:46
1) ObjGrid h 4318 Ki si 04.08.2010 17:51
n/ VarConstantsh 4 8 KB Ki si 04.08.2010 16:07
n/ Varvariablesh 333 KiB Ki si 04.08.2010 13:38

. beambeamnewf 26,6 KiB ki si 29.07.2010 15:04

cl fourtrans22.c ~ 43KB ki si 29.07.2010 1504

c) hdt-040810.c 69,5 KIB ki si 04.08.2010 18:02

) sin2f 44KB Ki si 29.07.2010 15:04




HeadTail development

Include nrutils.h

Avoid redundant definition of standard routines
@ ivector
@ dvector
@ nrerror
o frees etc.
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HeadTail development

Include nrutils.h

INCLUDES

#include <libio, h>
#include <math. h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <time. h>

#include "fourtrans22.c"

FUNCTIONS




HeadTail development

Possible advantages

@ Simplicity
@ Reduced file sizes
o Fast access to subroutines
e Avoid redundancy

@ Structure

o Modularity
o Fast and easily extendible
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HeadTail development

Possible advantages

@ Simplicity
o Reduced file sizes
o Fast access to subroutines
e Avoid redundancy
@ Structure
o Modularity
o Fast and easily extendible
@ Drawback:
Must know the location of subroutines
(forces a logical organisation & reduces the effectivity of
ctrl+s)
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HeadTail development

Possible advantages

® () HeadTail_290710 - file:| ilProj i 10/hdtl-040810.c - KDevelop <@Ixplus304.cern.ch> ©e ®
File Edit View Project Build Debug Scripts Bookmarks Window Tools Settings Help
B4 BEUEBS 9D EABQQE LY OO | (R
o & ©hdtl-040810.c | @ Makefile | @ VarConstants.h | & ObjFile.h A8
= § 1820 free_dvector(freqrarray, 0, nkick); 2 §
20 1821 free_dvector (zetatarray, 0, nkick) 2
=z 2 (1822 free_dvector(meritarray, 0, nkick); 3
® ; 1823 free_dvector(s_condarray, 0, nkick); S
> 1824 free_dvector (L rwarray, 0, nkick); &
5 8 (1825 break; S
e o
A 2 |1828 81 if(i_waketb==1){ E
9 (2} |1829 free_dvector(zwt, 0, npwake) ; iy
g 1830 free_dvector (waketdipx, 0, npwake) ; 2
o £ |83l free_dvector (waketdipy, 0, npwake) ; ]
o 1832 free_dvector (waketquax, 0, npwake) ; o8

BT (1833 free_dvector (waketquay, 0, npwake) ; L
Jp |34}
2 | (.35 |

1836 B if (i_coast==1){
s 1837 free_dvector (npre@, 0, NBIN*nkick) ;

1838 free_dvector(xs00,0, NBIN*nkick) ;
L 1839 free_dvector (ys00, 0, NBIN*nkick) ;
s 1840 | }
£ 1841
S 1842 | if(sm value > 0)
= 1843 free_dvector(triangle,0,sm value);
2| lose_files() — i

B e e 5351 — 1848 |
8 1846 return 0; IneS
@ 1847 | }
£ 1848 <
o £

@ Application Diff & Messages @ Find in Files Replace B Konsole # Valgrind [ Security Problems @ Breakpoints & CTags
Line: 1,848 Col: 1 INS NORM




HeadTail LSF submission tools

Inputfile argument

Note! Slight modification: input file is now passed as argument
— makes execution and scripting slightly more compact

char cfg_filenane[300], dummy_string[64], beta filename[300], wake_filenane[300];
long  K_cou, condition;

double accumx, accumy, dumyl, dumy2, dumny3, dumy4, dummys;

FILE *cfg_file_ptr, *beta_file, *wake_file;

strepy (Filename, argy(1]);
printr (“Using input Tile o
strcpy (cfo_filenane, filen

filenane) ;

o file ptr = fopen(cfo.filenane, *r);
if (cfg_file_ptr == NULL) {
printf_(Mmn (unhgura!mn file does not exist.\n");
exit (2);

Kevin Li



HeadTail LSF submission tools

SUB-HDTL/SUB-ECLD

Fast and simple script that makes use of LSF job arrays
— (quasi-)parallel exection of jobs.

Required user input
o filename

@ scan variable
@ scan range
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HeadTail LSF submission tools

SUB-HDTL/SUB-ECLD

Ce*x 0B O BRIS?

I {aa/carn. ehforg/s1/Iintrack Pythons2. 5/in/pYEnens. 5
| /usr/bin/pytho

seript to run HEADTAIL in batch mode

5. Feb 10 - L.
n: included the offs

some time - K

mport re,shutil, stat,sys,os
from numpy import *

class Input{):
def __init__(self):
e =

Begin user interface

e

filename

HorChr'; varray = arangs (-1, 5! B

NunFaz'; varray = arange (0, 50337907, 4 £rom 0 to 1615
L erange{0,1010,10); & in units

A ettt e S previous run

=)

END user interface

sub=hdt1-v05.py Python)=-L

Kevin Li




HeadTail LSF submission tools

SUB-HDTL/SUB-ECLD usage

Datel Beart
Kli si 5148 Aug 5 15:10 16-Z
afs/cern.ch/user/k/k1i/HDTL/PSB-Test >

to submit HEADTAIL job arrays via LSE.

in sub-hdtl-v05.py

sub-hdtl version 5

change arguments

This is
To submit,
will have the format:

xtension' .dat"

The output files
VerChr' 'NumPar' [in

"hdt1.'Scan-parameter-name' . '1sf_jobindex'
Currently implemented Scan-parameter-names are:

'headtail

'HorChr" anits 1e10]

... oh! And you need to launch the program from the directory where your
inputfile is located in

Good Luck

#2242+ Reading inputfil PSB-bbw-C0c16-72-TEST .cEg.

[ #+#44223+ Scanning parameter: NumPar
[+#225%22%% £rom 0 to 1000 in steps of 10

WARNING: Path already exists! Overwrite? [y

v

eeaeeaaeae Wahaha
»u*sux234% Made directory: /afs/cern.ch/user/k/kli/scratch0/PSB-bbw-C0cl6-22 NumPar
44244224+ Made directory on pcbel3664: /backup/CERN/PSB-bb: c16-72 - TEST - NumPar.

##244223% Lauch of simulation array succeeded!
gob <87915853> is submitted to queue <lnw>
[1xplus310 k /K11 /HDTL/PSB-Test

afs/cern.ch/user

@ iplus

8/24
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SUB-HDTL/SUB-ECLD usage

*array[69]

*array[70]

87899580 k 1 xbs *array[71]
87899580 R v xplu 1xbsul3l4  *array([72]
87899580 RUN " 1xbst2225  *array([73]
99580 1xbra3gos  *array(74]
1xbsql311  *array(75]

1xbsul305 a: [76]

1xbsp094d  * 1771

1xbsq1518 y [78]

1xbsp0801 1791

1xbeq1219 [80]

1xbst2110  *array(81]

1xb8304 *array [82]

1xbsq1435  *array([83]

87899580 RUN % 1xbra4107  *array(84]
87899580 1 w xplus: 1xbsp0714  *array([85]
87899580 RUN 2 1 0738 *array[86]
87899580 RUN “ x 1xbsp0703  *array(87]
7899580 1 w <plu 1xb5q1403  *array([88]
1xbsq0543  *array[89]

xbst2125  *array[90]

«bsu0847  *array[91]
xbsp0715  *array[92]
1xbsql4dl  *array([93]

1
il
1xbsql329
1
il

1xbsq1228  *array[94
1xbsql433  *array[95]
1xbsp0712  *array([96]
1xbsul *array[97]

87899580 01 1 1xbsuld09  *array[98]

87899580 RUI , 1xbsq0829  *array[99]

57899580 15240 1xbsqla39

87899580 01 " 1xbsg1230
1xbsuld0l *_array(3]
1xbsullds  *_array([4]
1xbsul125 array[5]

@ iplus

& Kevin Li HeadTail - Tools 8/ 24



HeadTail LSF submission tools

SUB-HDTL/SUB-ECLD output

Output directories and files

@ Ixplus directory:

~/scratch0/’filename(-.cfg)(+scan variable name)”
@ local directory:

/backup/CERN/*filename(-.cfg)(+scan variable name)”
o filename format:

hdtl.(+scan variable name).(+job array index+).cfg(+headtail
extension)

Kevin Li HeadTail - Tools



HeadTail LSF submission tools

SUB-HDTL/SUB-ECLD output

8 & /backup/CERNIPSB-bbw-COc 1 6-Z2-norm-NumPar ave
Name v Groge, Datum =

G 10y 119,210 U3.00.2010 1219

htl NumPar.10.cfq_prt dat 38MB 05082010 1215

hdtl NumPar.10.cfg_sampl dat 0B 05082010 12:15

hdtl.NumPar.10 cfg_sample dat 3866 K8 05.08.2010 12:15

hdti NumPar.10.cfq_trk dat 29MB 05082010 1215

hdtl NumPar.11 cfg 50KB 05082010 1326

hdtl NumPar.11 cfg_bunchds dat 9494KB 05.08.2010 12:15

halt NumPar. 11 cfg_hat dat 26MB 05082010 1215

hdti NumPar.11 cfg_inph dat 4848 050820101215

hdtl NumPar.11 cfg_pdist dat 0B 05082010 1215

hdtl.NumPar.11 cfg_pini.dat 2352KB 05.08.2010 12:15

hdti NumPar.11 cfg_prb dat 1132 M8 05.08.2010 1215

hdt NumPar.11 cfg_prt dat 38MB 05082010 1215

hdt NumPar.11.cfg_sampl.dat 0B 05082010 1215

hdti NumPar.11 cfg_sample. dat 386,618 05.08.2010 12:15

hdti NumPar 11 cfg_trk dat 29MB 05082010 1215

hdtl NumPar 12 cfg 50KB 05082010 1326

htt NumPar. 13 cfg 508 050820101326 [

hdtt NumPar. 14 cfg 50KB 05082010 1326

hdtl NumPar 15 cfg 50KB 05082010 1326

hdtl.NumPar. 16 cfg 50KB 05082010 13:26

hdtl NumPar.17 cfg 50KB 05082010 1326

hti NumPar 18 ctg 50KB 050820101326 |L{

hdtl NumPar 19 cfg 50KB 05082010 1326

hatt NumPar 20 .cfg 50KB 05082010 13:26

hti NumPar 21 cfg 50KB 05082010 1326

hdtl NumPar 22 cfg 50KB 05082010 13:26

hdtl NumPar 23 cfg 50KB 05082010 1326

htt NumPar 24 cfg 50KB 05082010 1326

hdtl NumPar 25 cfg 50KB 05082010 1326

hdtl NumPar 26 cfg 50KB 05082010 1326

hlt NumPar 27 cfg 5018 05082010 13:26

hti NumPar 28 cfg 50KB 05082010 1326

hdtl NumPar 29 cfg 50KB 05082010 1326

hdtl.NumPar 30.cfg 50KB 05082010 1326

hti NumPar 31 cfg 5018 050820101325 | &
214 Datelen (1,3 GIB) Q Q

Kevin Li




Output samples - PSB broadband impedance studies

A PYthon HEadtail ANAlysis tool Cluijouti THES - S el Sles

Pyheana

A PYthon HEadtail ANAlysis tool
or...

Kevin Li



Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

Pyheana

A Pyheana!
yﬁ.‘

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies

A PYthon HEaditail ANAlysis tool Output samples - SPS e-cloud studies

Pyheana - usage: interactive

User panel

Pyheana o

File Selection Machine Selection
. PSB
Gpen
SPS
Range Selection Mode Selection
« Indsx Bunch Dynamics Bunch Mavie Bunch Super
1 Cloud Dynamics loud Movie
Range Praten Dynamics Proten Movie
Tune (FFT)
WMin Max: Step: Tune Footprint
Tune Shift
| Trajactory
Runl

Kevin Li



Output samples - PSB broadband impedance studies

A PYthon HEadtail ANAlysis tool Cluijouti THES - S el Sles

Purpose of the analysis

@ Obtain an approximate value to model the transverse
broadband impedance of the PSB Ring

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies

A PYthon HEaditail ANAlysis tool Output samples - SPS e-cloud studies

Broadband impedance model

Broadband impedance is characterised by its:
@ resonance frequency — calculate from pipe geometry
@ shunt impedance — simulate and extrapolate from
measurements

Impedance model:
@ Impedance:

Wy Zt
Zi(w) = = ——
“14iQ (- 2)

@ Resonance frequency « cut-off frequency:

Tmn c .
wr=cC- b ] 5 cirlular
m2 n?
wp =cm-\/— + 5, rectangular
a b

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

Broadband impedance model

Broadband impedance at 600 kHz:

Broad band impedance

1.00E+01 Re(Z) ——

5.00E+00

0.00E+00

Impedance [M /m]

-5.00E+00

-1.00E+01

0 200 400 600 800 1000
Frequency [MHz]

Kevin Li



Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

Frequency dependent sampling

Wakefields should be sufficiently sampled by the bunch:

Walkefield sampling
L.00E-01L . .

W(t)'
8.00E-02

6.00E-02 . .
10 slices/perit¢d
4.00E-02
2.00E-02
0.00E+00 |

-2.00E-02

Amplitude [a.u.]

-4.00E-02

-6.00E-02

-8.00E-02

-1.00E-01 i
0 1 2 3 4 5 6
1/100 x bunchlength

Time [ns]

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies

A PYthon HEaditail ANAlysis tool Output samples - SPS e-cloud studies

Frequency dependent sampling

@ Machine parameters:
e Beam pipe: b =8 cm
(cut-off frequency: w, ~ 3.75 GHz — f ~ 600 MHz)
e Bunch length: T, = 600 ns

@ Sampling:

o Wakefield sampling:
Twake 27b Nyjice Nsiice .
= = ~ 10 = Ngjice = 10 x T}, = 3’600
T§Iice 'ch fTb slice f b
o Slice sampling:

Ny
Lml ~ 5000 = Ntotal = 5000 x Nslice = 18'000"000!

slice

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies

A PYthon HEaditail ANAlysis tool Output samples - SPS e-cloud studies

Frequency dependent sampling

@ Machine parameters:
e Beam pipe: b =8 cm
(cut-off frequency: w, ~ 3.75 GHz — f ~ 600 MHz)
e Bunch length: T, = 600 ns

@ Sampling:

o Wakefield sampling:
Twake 27b Nsiice Nsiice .
= = ~1 Ngjice = 1 T,=3
Tie i T, 0 = Nsiice 0 x fT, = 3600
o Slice sampling:

Ny
Lml ~ 5000 = Ntotal = 5000 x Nslice = 18'000"000!

slice

— 1 week per run! Highly inefficient!

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

PS Booster paramaters - general settings

Machine parameters Simulation parameters

Circumference [m] 157 Bz [m] 5.9
Energy range [MeV] 160 By [m] 5.7
1400 ®s 0.002106
N Cycles 850 Q. 4.223
Injection cycle 250 Qy, 4.550
Extraction cycle 850 a 0.060
/ fz [MHz] 600
N Slices 3600
N Macro 18e6

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies
A PYthon HEaditail ANAlysis tool Output samples - SPS e-cloud studies

Measurement & simulation results

PSB tuneshift measurements at 160 MeV
05 . '

0 b L AQ, /AN [1e5): 41,897

Pt D.Q.*
Q. [1e5] -1.90 -
Qy[1e-5) -7.39 -7.2

+: Diego Quatraro et al.:

Coherent tune shift and instabilities
measurements at the CERN Proton
Synchrotron Booster

R A S R R N S
0 100 200 300 400 500 600 700 800 900

0 100 200 300 400 500 600 700 800 900
Intensity [1e10 ppb]
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

Measurement & simulation results

PSP bunch modes assuming Z=0.5 M{2/m:

- MPlayer - Video v @ &
. Horizontal bunch state e Vertical bunch state
) ) H 1 496 [ 110 ppbl
B.0e-03 B.0e-03 5
4.0e03 40003 ‘ ‘ H
— 20e03 = Z2.0e03 | H
E i
- £ o oern | HM-H“IHIIIIHHI
- = |r|l: H|]||||l|u1|
* .2 0e-03 > 2.0e-03F4 440 B B L
40203 40803 :
6.0e-03 6.0e-03 i
B0 o 2000 4000 6000 6000 10000 12000 80w a 2000 4000 6000 8OO0 10000 12000
Harizontal bunch modes Vertical bunch modes
10e+ Le+0

Standard FIT : Standard FFT
B.OEDLf b e — Sussix 8.06-01f ot | — Sussix

P
& o
T
s &

Amplitude
Amplitude

2.0e-01

0.0e+00




Output samples - PSB broadband impedance studies

A PYthon HEaditail ANAlysis tool Output samples - SPS e-cloud studies

Measurement & simulation results

PSB tuneshift diagram for Z=0.5 M{2/m

Tuneshift:

2 X tuneshift
& ; Tomo
£ Qi s3:820 13407
g c 6688688
2-1 00
o-2
2-3
g-4 R R,
5-5 TSR
Z_¢

0 200 400 600 800 1000

Intensity [1e10 ppb]

2 y tuneshift
= ’ g s 00500007
< 1 00
2 0
2-1
9-2
2-3 o
2-4
‘6_:
Z_¢

0 200 400 600 800 1000

Intensity [1e10 ppb]
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

Measurement & simulation results

PSP bunch modes assuming Z=1 M{2/m:

=N MPlayer - Video ¥ @ &
. Horizontal bunch state " Vertical bunch state
) ) 1 224 [1e10 ppbl
B.0e-03 B.0e-03
4.0e 03 4.0e 03
20e03 2.0e03 l
[HHHW”
% 3 0m0% i B LR RS 0L LA PPN B B
-4.0e-03| 40803
6.0e-03 6.0e-03
B0 o 2000 4000 6000 6000 10000 12000 80w a 2000 4000 6000 8OO0 10000 12000
Loe Harizontal bunch modes Loero Vertical bunch modes
Standard FIT i Standard FFT
8.0e-01 —  Sussix 8001} ] | — Sussix
u : @ :
T 60801 T 60e01
= = / A
E 40e01 £ ddeolf /| |
L < / I‘I
2.0e-01] 20601 Jl I
0.0e+00 0.0e+00 8 / u
=20 -15 -10 -5 [ 5 10 15 =20 -15 -10 -5 15 20

Tune




Output samples - PSB broadband impedance studies

. <l
A PYthon HEadtail ANAlysis tool Cluijouti THES - S el Sles

Measurement & simulation results

PSB tuneshift diagram for Z=1 M{2/m

Tuneshift:

, ] X tuneshift
E TOO00 30000 O%fooi%%%ﬁ%g%odehé
£ 1 B R R R R RN SRR AT YIS SR Y
g o Bb8BEEE5668568866866066660000000008
2-1 666866 i EREEEEE88840Y
o2 666666660660000006066666 4|
N e e UL A
%—3 OOOOOOOOOPOOOO 4
g 4 BOEBEIINI NI EbEIEEEEEE8000800000060606¢
2_5 0000000660608 88888668666666666060060000000664)
_60 200 400 600 800 1000

Intensity [1e10 ppb]

, y tuneshift
& o):-5.13119%&-07
ﬁ 1 “‘Adéébo».
g C Y- 0008 .
2-1 00060 °°66
g2 s
L3 000000600 8880,
- m
i ‘ o 9

0 200 400 600 800 1000

Intensity [1e10 ppb]
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Output samples - PSB broadband impedance studies

A PYthon HEadtail ANAlysis tool Output samples - SPS e-cloud studies

Outlook

@ Perform an impedance scan using rectangular beam pipe
geometry (new version HeadTail)
— Zt

@ Decompose bunch mode spectrum

@ Perform an impedance frequency and value scan to identify
narrow band impedances responsible for head-tail instabilities

in the PSB
- Zt s Wr

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies

A PYthon HEadtail ANAlysis tool Output samples - SPS e-cloud studies

Purpose of the analysis

@ Quantification of coherent and incoherent tuneshift &
tunespread for different electron cloud models

@ Distribution and dynamics of tunefootprint to gain insight into
slow losses in the SPS

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies

A PYthon HEadtail ANAlysis tool Output samples - SPS e-cloud studies

SPS e-cloud density: 100e10 m~3; standard

Electron cloud dynamics:

20 Cloud field dynamics - transverse mode

y [mm]

Kevin Li




Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

SPS e-cloud density: 100e10 m~3; standard

Proton dynamics:

MPlayer - Video ¥ @ &

20

Proton field dynamics - transverse mode

151

10

y [mm]
i=]

Kevin Li



A PYthon HEadtail ANAlysis tool

Output samples - PSB broadband impedance studies

Output samples - SPS e-cloud studies

SPS e-cloud density: 100e10 m~3; standard

Tune footprint

Electron cloud 2D dynamics - Electrons: 1.00e+12/m” 3, Protons: 4.40e+09

26.30

26.25

26.20

26.15

Nominal tune
Zero tune

Head

Approximate values at

N, = 10*! ppb:
N Coherent  Spread
o AQ. [1e2] 05 6.5
AQy [1e-2] 1.5 10.5

26.15

26.20
Q.

26.25

76,30

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

SPS e-cloud density: 100e10 m—3; dipole

Electron cloud dynamics:

y [mm]

Kevin Li
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

SPS e-cloud density: 100e10 m—3; dipole

Proton dynamics:

=3 @ MPlayer - Video ¥ @ &

20

Proton field dynamics - transverse mode

151

10

y [mm]
i=]

-10

-15

-20

20 -15 -10 -5 0 5 10 15 20

Kevin Li



Output samples - PSB broadband impedance studies

A PYthon HEadtail ANAlysis tool Output samples - SPS e-cloud studies

SPS e-cloud density: 100e10 m—3; dipole

Tune footprint

Electron cloud 2D dynamics - Electrons: 1.00e+12/m” 3, Protons: 4.40e+09

2624 Nominal tune
Zero tune

26.22

Head

Approximate values at

N, = 10*! ppb:
2010 N Coherent  Spread
° i - AQ. [1e-2] 05 0.5
/ AQ, [1e-2] 1.4 6.6

26.14

26.12

2612 2614 2616 2618 2620 2622 2624
Q.

Kevin Li HeadTail - Tools



Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

SPS e-cloud density: 100e10 m~—3; open boundaries

Electron cloud dynamics:

y [mm]

Kevin Li
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

SPS e-cloud density: 100e10 m~—3; open boundaries

Proton dynamics:

20

Proton field dynamics - transverse mode

15

10k

y [mm]
i=]

-10

—15F

72920 -15 -10 =5 0 5 10 15 20

Kevin Li



A PYthon HEadtail ANAlysis tool

Output samples - PSB broadband impedance studies

Output samples - SPS e-cloud studies

SPS e-cloud density: 100e10 m~—3; open boundaries

Tune footprint

Electron cloud 2D dynamics - Electrons: 1.00e+12/m” 3, Protons: 4.40e+09

26.40

26.35

26.30

26.25

26.20

26.15

Nominal tune
Zero tune

¢
¢

Head

Approximate values at

N, = 10*! ppb:
N Coherent  Spread
o AQ. [1e2] 05 6.0
AQy [1e-2] 1.6 10.4

2615 2620 2625
Q.

26.30

26.35

26.40
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

SPS e-cloud density: 100e10 m~3; with synchrotron
motion

Electron cloud dynamics:

y [mm]

30

Kevin Li




Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

SPS e-cloud density: 100e10 m~3; with synchrotron
motion

Proton dynamics:

20 Proton field dynamics - transverse mode

15

10k

y [mm]
i=]

-15

=20 -15 -10 -5 0 5 10 15 20
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

SPS e-cloud density: 100e10 m~3; with synchrotron
motion

Tune footprint

Electron cloud 2D dynamics - Electrons: 1.00e+12/m" 3, Protons: 4.40e+09

26.22 Nominal tune
Zero tune

26.20

Head

Approximate values at
N, = 10*! ppb:

26.18

) Coherent  Spread
% : - AQ. [1e-2] - 1.5
AQy [1e-2] - 25

26.14

26.12 il

%612 26.14 26.16 26.18 26.20 6.2
Q.
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Outlook

Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

@ OQutsource (parallelise) the
Sussix analysis (could use
some help here...)

@ Store data in HDF5 data
format using H5Part
(PSI/LBNL)

H5Part: a Portable High Performance Parallel Data Interface to HDF5

Motivation

arm-beam collsion simulaton

Partcl based simulatonsof accelerator beamines,especialy in six dmensional phase space, genera vst amauns of data »venmcugn a suosstof
stalistical information regarding phase Space or analysis needs to be preseved,
Supercomputing systems remains chalsnging.

HPartisavery il daa torago scharma andprvides an AP hat simpfes e readnighiing of e datalo e HOFS s fomt, Animpotant
foundaton for isa d APIs The presence ot a

AP's,vill help fostor the project’s o infrasiructure. It
il 150 help ST that ey dta anaysscapabites e pesert g e carlet hases of he orware developmert sTor

H5Part s built ontop of the HDES (Hierarchical Data Formal), HDFS offers &
paralel 1O performance for VP! codes on a variety of supercampung systems, and work seumw \ellon ptap compar. The AP s avalae avc
G+ and Fortran codes. The H5Part ls format and APIs enable
S datasets and data analyis ools. Forinstance, the common s ormat il snable aroups tht depend on compleely dfarent Smuiaion
implementations to share datz anaysis lools

HS5Part file organization and API




Output samples - PSB broadband impedance studies
A PYthon HEadtail ANAlysis tool Cuipuii sEmpEs - S7S G daie siles

Outlook
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

A PYthon HEadtail ANAlysis tool

Thank you!

Kevin Li
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