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Include nrutils.h

Avoid redundant definition of standard routines

ivector

dvector

nrerror

frees etc.
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Possible advantages

Simplicity
Reduced file sizes
Fast access to subroutines
Avoid redundancy

Structure
Modularity
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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Possible advantages

5351→ 1848 lines
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Inputfile argument

Note! Slight modification: input file is now passed as argument
→ makes execution and scripting slightly more compact
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SUB-HDTL/SUB-ECLD

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

Required user input

filename

scan variable

scan range
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SUB-HDTL/SUB-ECLD usage
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SUB-HDTL/SUB-ECLD output

Output directories and files

lxplus directory:
∼/scratch0/”filename(-.cfg)(+scan variable name)”

local directory:
/backup/CERN/”filename(-.cfg)(+scan variable name)”

filename format:
hdtl.(+scan variable name).(+job array index+).cfg(+headtail
extension)
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SUB-HDTL/SUB-ECLD output
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

Pyheana

A PYthon HEadtail ANAlysis tool
or...
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

Pyheana

A Pyheana!
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Pyheana - usage: interactive

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

Purpose of the analysis

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

Z⊥1 (ω) =
ωr

ω

Zt

1 + iQ
(

ωr
ω −

ω
ωr

)
Resonance frequency↔ cut-off frequency:

ωr = c · xmn

b
≈ c

b
, cirlular

ωr = cπ ·
√
m2

a2
+
n2

b2
, rectangular
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Broadband impedance model

Broadband impedance at 600 kHz:
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

Frequency dependent sampling

Wakefields should be sufficiently sampled by the bunch:
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Frequency dependent sampling

Machine parameters:
Beam pipe: b = 8 cm
(cut-off frequency: ωr ≈ 3.75 GHz→ f ≈ 600 MHz)
Bunch length: Tb = 600 ns

Sampling:
Wakefield sampling:
Twake

Tslice
=

2πbNslice

cTb
=
Nslice

fTb
≈ 10⇒ Nslice = 10× fTb = 3’600

Slice sampling:
Ntotal

Nslice
≈ 5’000⇒ Ntotal = 5’000×Nslice = 18’000’000!

→ 1 week per run! Highly inefficient!
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PS Booster paramaters - general settings

Machine parameters

Circumference [m] 157
Energy range [MeV] 160

1400
N Cycles 850

Injection cycle 250
Extraction cycle 850

Simulation parameters

βx [m] 5.9
βy [m] 5.7
QS 0.002106
Qx 4.223
Qy 4.550
α 0.060

fZ [MHz] 600
N Slices 3600
N Macro 18e6
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Measurement & simulation results

PSB tuneshift measurements at 160 MeV

Plot D.Q.∗

Qx [1e-5] -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
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Measurement & simulation results

PSP bunch modes assuming Z=0.5 MΩ/m:
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Measurement & simulation results

PSP bunch modes assuming Z=1 MΩ/m:
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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 , ωr
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Output samples - PSB broadband impedance studies
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
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

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

Electron cloud dynamics:
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SPS e-cloud density: 100e10 m−3; standard

Proton dynamics:
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

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

Tune footprint

Approximate values at
Np = 1011 ppb:

Coherent Spread
∆Qx [1e-2] 0.5 6.5
∆Qy [1e-2] 1.5 10.5
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

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

Electron cloud dynamics:
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

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

Tune footprint

Approximate values at
Np = 1011 ppb:

Coherent Spread
∆Qx [1e-2] 0.5 0.5
∆Qy [1e-2] 1.4 6.6
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Output samples - PSB broadband impedance studies
Output samples - SPS e-cloud studies

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

Electron cloud dynamics:

Kevin Li HeadTail - Tools 21/ 24



HeadTail development
HeadTail LSF submission tools

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

Proton dynamics:

Kevin Li HeadTail - Tools 21/ 24



HeadTail development
HeadTail LSF submission tools

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

Approximate values at
Np = 1011 ppb:

Coherent Spread
∆Qx [1e-2] 0.5 6.0
∆Qy [1e-2] 1.6 10.4
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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

Electron cloud dynamics:
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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

Approximate values at
Np = 1011 ppb:

Coherent Spread
∆Qx [1e-2] – 1.5
∆Qy [1e-2] – 2.5
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Outlook

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

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

Thank you!
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