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Summary

® ATF IP beam size has Intensity dependence by wakefield
® Several wakefields calculated by A.Lyapin(RHUL) with GdfidL
® Unestimated wakefield sources exist??

® Recaculated his work and calculated other additional wakefield sources
® Done Tracking calculation with newly calculated wakepotentials

Results : Wakefield calculation

* Recalculation got almost same wake potential results
Septum chamber’s wake : than CBPM (x4)
Rectangular chamber’s wake : Smaller than CBPM ()
Bellows : RF shield reduces wakefield less than 1/100
Vacuum port : inner shield reduces wakefield less than 1/10

Results : Tracking simulation
« wakefield in Extraction (include septum chamber) : weak effects
« Wakefield in Final Focus : strong effects
Especially, Vacuum Flange!




Wakefield

® \Wakefield

Excited electromagnetic field
after beam passed through structure change

on the beamline

wakefield

Test particles Leading beam

Ref : CST Particle Studio-Wakefield Solver Overview

® \Wake potential
Effects of Lorentz force
by Excited electromagnetic field

Transverse
Wake potential
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® \Wakefield and motions of particles

Position of particle : y, Angle of particle : y

Angle change by wakefield kick : Ay, ke
Apy _ q91
Po E

Wyot(s) : wake potential
q; : bunch charge E : Beam enrgy

Ay :/vake = Wpot,y (S )

LCWS2021, ATF session, 17 March 2021

!



Wakefield source in ATF EXT/FF beamline

Vacuum port with inner shield Optical Transition Monitor (OTR)
EXT Vacuum port 15 EXT Septum chamber
FF Bellows with RF shield 37 EXT Rectangular chamber
EXT Bellows 51 EXT Stripline BPM / kicker 15
FF/EXT Vacuum Flange (ICF70) 237 FF Vacuum Flange (ICF114) 12
FF/EXT Reference Cavity 2 FF Vacuum port (ICF114) 2
FF/EXT Cavity BPM 24 FF Collimator 1

)
Vacuum port —
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Test IP BPM
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Final Focus beamline Extraction beamline
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Wakefield source in ATF EXT/FF beamline

Wakefield source Wakefield source

Vacuum port with inner shield

EXT Vacuum port 15 EXT

FF Bellows with RF shield 37 EXT

EXT Bellows 51 EXT
FF/EXT Vacuum Flange (ICF70) 237 FF
FF/EXT Reference Cavity 2 FF
FF/EXT Cavity BPM 24 FF

A. Lyapin calculated (2013) ﬂ
| Y. Abe calculated (2020)
d .| Not calculate yet
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Final Focus beamline
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Optical Transition Monitor (OTR)
Septum chamber

Rectangular chamber

Stripline BPM / kicker

Vacuum Flange (ICF114)
Vacuum port (ICF114)

Collimator

Extraction beamline |
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Wakefield calculation




How to calculate wakefield by GdfidL

Wakefield calculation flow by GdfidL

CAD soft : Inventor
Create 3Dmodel by CAD

GdfidL /
Import 3Dmodel to GdfidL =

Electrical magnetic Field
calculation (time domain)

Il -

Wake potential calculation

GdfidL
® Electromagnetic fields calculator in 3D

® Finite difference method

Calculation parameter

® Line charge with Gauss distribution
* Bunch length :
« Beam offset (position) : 0 ~ 5.0 mm
* Bunch charge : 1.0 pC

4 Beam offset

T
dfidL.stl
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Wakefield calculation model (examples)

Recalculation — New calculation

Vacuum Port Bellows No shielded

/ |
®

* | report about new calculations.
* | will upload results of recalculation to atf.wiki. Please follow later about recalculation detail.
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Chambers

® Septum(A/B/C) chamber ® Rectangular chamber
» Racetrack and Cylindrical shape « After septum magnet section
» Aperture : Small than FF beam chamber » Some rectangular chambers exist (4)
« Chamber curved with each bending radius » Rectangular and Cylindrical shape

» Create model as straight chamber

Septum chamber model (A)
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Vacuum Parts

® VVacuum Port (shielded / no shielded) ® Bellows
« 2016 : inner shieled inserted « 2016 : RF shield inserted at FF
« Same radius to beam chamber » RF shield touching from bellows inside
« 2 slits for vacuum exhaust « 1mm gap exist

Vacuum port with sheild

Bellows and RE shield

No shielded Shielded : .
* ’ Inner shield No shielded

Beam path Beamgpath

< §,§ 338 < §§ ¥ %
5 ! * }

§
E Exhaust t
* - direction 5

LCWS2021, ATF session, 17 March 2021

10



Wakefield calculation results (beam offset: y=1)

Transverse Wake Potential : Wake pot.
L) 1 Ll I 1 Ll | L) ! L) 1 Ll | I | | L) | I 1 Ll | Ll I m 1 L) | Ll | I | I 1 LI | 1 Locat|0n Wake Source (peak) [ V/pC ]
—e— C-band cavity BPM ]

0.4 o _
- | Reotangularchamber | - : FF Cabity BPM 0.115
[ |—— Vacuum Flange(ICF70) . Bunch ]
02— " Vaguum P (shielde)’ | \—distribution 7 EXT Bellows 0.117
- —— Bell
B ——Bellows (shiedec) ;: FF Bellows (shielded) 0.001
0 —
gE i : EXT  Vacuum port 0.027
- I ] FF Vacuum port (shielded) 0.004
I <= Septum -
i FF/EXT  Vacuum Flange 0.028
-0.4— —
T T T e T T EXT  Septum chamber 0.440
-0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
z [m] EXT  Rectangular chamber 0.018
® Septum chamber’s wake : Larger than CBPM (x4) ><FF: Final Focus, EXT: Extraction

® Rectangular chamber’s wake : Smaller than CBPM (1/10)
® Bellows : RF shield reduced wakefield less than 1/100
® \Vacuum port : inner shield reduced wakefield less than 1/8
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Tracking simulation



Tracking simulation by SAD
® Check effects of

® Tracking simulation performed using SAD
* Include kicks by wakefield
proportional to beam position (
« Use ATF design optics

® Using newly calculated wakepotentials
Bellows (shielded / no shield 2¢not deforming),
Vacuum port (shielded / no shield), Vacuum Flange
OTR, Septum chamber, Rectangular chamber, CBPM

® Misalignment definition (based on measurement)
« Cavity BPM : 0.3 + 0.3 mm (random)
* Bellows, Vacuum port etc : +1.0 mm (random)
« Vacuum Flange : Same with connected components
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ATF2 EXT/FF design optics
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Calculation Parameter

Bunch electrons :
Bunch length :
AE/E : 0.008

Brp - 40 mm (Hor.) / 0.2mm (Ver.)
€: 12pm - rad (Hor.)/2 nm -

rad (Ver.)




Tracking simulation results

A Misalignment | Wake pot. (peak) Mean beam size
Wakefield source MOt + Standard deviation
nt

__

No wake 37.9

Septum chamber 3 +1.0 0.440 379 £ 0.1 ]

Rectangular chamber 4 +1.0 0.018 37.9 £ 0.004

Vacuum Port 15 +1.0 0.027 379 £ 0.2 _
=X Bellows 51 +1.0 0.117 38.4 £ 0.8 - Not Effective

Vacuum Flange 96 - 0.028 37.9+ 0.2

All wake sources - 384+ 0.7 (1 4.7%)

Cavity BPM 24 0.3+0.3 0.115 40.8 £ 3.2 (1 7.6%) ]

Vacuum port (shielded) 14 +1.0 0.004 37.9 £ 0.007
FF  Bellows (shielded) 37 +1.0 0.001 409+ 29 (1 7.9%) - Effective

Vacuum Flange 141 - 0.028 43.8 £ 5.6 (115.6%)

All wake sources - 52.4 £11.9 (138.3%)
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Tracking simulation results

Mean b
Wakefield source Amoun ATF2 EXT/FF design optics
VipC _ o I

No wake 37.9 e EXT < FF %
Septum chamber 3 0.440 37.9 £ 0.1 2; Scf ,h\ /”\ ,
Rectangular chamber 4 0.018 %:T eof / \ f \\ H
Vacuum Port 15 0.027 379 0.2 L af / Y Sl
EXT : { [ /
Bellows 51 0.117 384+ 0.8 2 \ \/ \
Vacuum Flange 96  0.028 379+ 02 oo | SEa
] WWH HH‘IWHIHW
All wake sources - 38.4+ 0.7 (1 4.7%) WWF:HM#HH& %Hﬁ H=||4|m
Cavity BPM 24 0.115 408+ 3.2 (1 7.6%) Ayp _ (R11 R12)( 0 )
Vacuum port (shielded) 14 0.004 37.9 £ 0.007 Ayp Ra1  Rz2/ \Aywake
FE  Bellows (shielded) 37 0.001 409+ 2.9 (1 7.9%) Ayip= Aywakey £ Bip sin Ag
: function at wak
Vacuum Flange 141 0.028 43.8 £ 5.6 (115.6%) gn: : I/Z,f‘:';it'ig:;‘l"l’:a € source
All wake sources - 52.4 £11.9 (138.3%) A¢ : Phase advance to IP
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Summary & Further works

Summary

® ATF IP beam size has Intensity dependence by wakefield
« Several wakefields calculated by A.Lyapin(RHUL) with GdfidL
« Un-estimated wakefield sources exist??

® Recalculated his work and calculated other additional wakefield sources
Results : Wakefield calculation

Recalculation got almost same wake potential results
Septum chamber’s wake : than CBPM (x4)
Rectangular chamber’s wake : Smaller than CBPM (1/10)
Bellows : RF shield reduces wakefield less than 1/100
Vacuum port : inner shield reduces wakefield less than 1/8

Results : Tracking simulation

Further
Works

« wakefield in Extraction (include septum chamber) : Not effective
« Wakefield in Final Focus : Effective (Especially, Vacuum Flange!)

® Check other sources & deforming condition (chamber gap, stripline BPM, ICF114 parts etc)
* Please give me drawings of ATF components (FONT stripline, collimator etc)

® Upgrade tracking calculation setup (Non-linear term of wakefield, x-y coupling, jitter ...)
® | will upload results to atf.wiki page



