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e Intensity-dependent effects in ATF2

- Simulations
* Impact of static imperfections.

* Impact of dynamic imperfections.
* Impact of corrections (One-to-one, DFS, WES)

- Measurements
* Impact of corrections (DFS, WFS, wakefield knobs).
* Comparison between simulations and measurements.

e Impact of short-range and long-range wakefields in
the 380 GeV CLIC BDS.

e Impact of short-range and long-range wakefields in
500 GeV ILC BDS.

e Conclusions

18th June 2020 APT seminar



The Accelerator Test Facility
(ATF2)

18th June 2020




ATF2 layout, Twiss and parameters

ATF2 is a test facility to study the feasibility of the Final Focus System [1] that is envisaged in the future linear
colliders CLIC and ILC. The primary project goal is to establish the hardware and beam handling technologies
pertaining to transverse focussing of the electron beams to 37 nm. All the parameters can be found in the ATF2
design proposal report [2].
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Beam energy E 1.28 GeV 0.4
Bunch population N, 1.0 x 1010 . 8(2)
Beta functions at IP B/B; 40 mm/0.10 mm E_02 \,\/
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.86.3779
https://ilc.kek.jp/ATF2/proposal/ATF2proposal1.pdf

Bunch length measurement

Previous measurements

Goals of ATF2

The ATF2 beamline was designed and built in order to fulfill two goals:

e Goal 1: Achieve a small vertical beam size at the IP (37 nm) and demonstrate

the efficiency of the Final Focus System based on local chromaticity correction;

o Goal 2: Control the beam position and demonstrate the efficiency of the beam

orbit’s stabilisation with a nanometer precision at the IP.
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Figure: The ATF2 vertical IP beam size measurement history.

All small beam sizes were obtained with a beam intensity of [0.5-1.5]x10° e /bunch
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Introduction

Transverse and longitudinal wakefields

The integrated fields seen by a test particle traveling on the same, or on a parallel path

at a constant distance s behind a point charge () are called the integrated longitudinal

and transverse wakepotentials. They are defined as: Q

- L
W, (Ar,s) = % '[0 [E (Ar,z,s) +czx B(Ar, z,8)]dz

leading particle

- 1 L S *_ o S —Y A
W) =-5 [ Bl P I —fan
Q Jo 2 1
The transverse and longitudinal kicks felt by a particle, at position z along the trailmie particle
bunch, due to all leading particles (Vz': 2’ > z): / |
AP L r> -
Ar'= =5 = % f Wi (Ar(z"),z=2") p(2')d’ A,
& —co
qQL > Figure: Scheme of the two-particle model.
AP = —/— [ Wy (z=2")p(")d
C —o0

with:

q particle’s charge [e]

e p(2') normalized line charge density of the bunch, such that [ p(2)dz' =1

P particle’s momentum [eV/c]

o Ar(z') transverse radial position of the leading particles as a function of their

. , Ar’ radial kick [rad]
position z’ along the bunch [mm]

e AP momentum loss [eV]
e () total charge of the bunch [C]
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CLIC orbit correction (1/3)

One-to-one correction

The One-to-one correction consists of minimizing the transverse position of the
beam, with respect to the beam pipe centre measured at BPMs, using steering
magnets [3].

L
U MCorrector Corrector M U

Figure: Schematic of the One-to-one correction. The beam orbit (in red) is
deflected by correctors (triangles) in order to pass through the center of the BPM,
which is inside a quadrupole in this case.
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http://link.springer.com/10.1007/978-3-662-08581-3_13

CLIC orbit correction (2/3)

Dispersion Free Steering (DFS) correction

In the simulations, two beams are tracked with two different energies, F; and FEs.
Steering magnets are then used to correct the orbit and reduce the orbit difference

between the two beams Ay g [4].

Corrector
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Figure: Schematic of the Dispersion Free Steering correction.
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https://linkinghub.elsevier.com/retrieve/pii/016890029190403D

CLIC orbit correction (3/3)

Wakefield Free Steering (WFS) correction

The Wakefield Free Steering is an algorithm which corrects the difference on the orbit
introduced by wakefields. In the simulations, two beams are tracked with two
different charges ()1 and ()». Steering magnets are then used to correct the orbit and

reduce the orbit difference between the two beams A, o [5].
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Figure: Schematic of the Wakefields Free Steering corrections.
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https://linkinghub.elsevier.com/retrieve/pii/0168900291903027

Sextupole knobs

e First order knobs correction by changing the position of final focus sextupoles.

e Second order knobs correction by changing the strength of the final focus sextupoles.
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Figure: Positions of the sextupole knobs in the Accelerator Test Facility 2 (ATF2) [6].
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https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.17.023501

Impact of corrections in ATF2

Simulation conditions (1/2)

Simulated errors: Corrections applied:
e Static errors: e One-to-one

- Misalignement of quadrupoles, sextupoles, | * DFS
BPMs of 100 um RMS.

« WEFS
- Strength error of quadrupoles, sextupoles
of 0,01% RMS. « Knobs (3{, YP D Xl}D éP.*XP XP.*YP XP.*@
Y ~"
- Roll error for quadrupoles and sextupoles First order Second order

of 200 urad RMS.

Simulation procedure:

e 100 machines with the previously cited static imperfections.
e Apply the cited corrections and the knobs on the distribution at the IP.

e Measure the vertical beam size at the IP.
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Impact of corrections in ATF2

Simulation conditions (2/2)

« Wakefield sources: Cavity BPMs, bellows and flanges (wakepotentials calcultated with GdfidL ).[7][8][9]
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http://www.gdfidl.de/
https://ieeexplore.ieee.org/document/751304
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.091002

Impact of orbit corrections in ATF2

105/ No correction
—~ 10%;
€
£
* >103! One-to-one _One-to-one
"e>10 4 ¥ DFS
+ WFS One-to-one
5 + DFS
104 . +WFS
__Pedectmachine | _________._. dmmmm—————— I tknobs____._
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Correction step
Figure . Average vertical beam size at the IP (o) vs. correction step: One-

to-one, DFS, WFS corrections and IP tuning knobs. The red dashed line show the
vertical beam size at the IP for a perfect machine, 37 nm.

Correction oy

No correction 13.8 £ 86.2 um
One-to-one 1220 + 337 nm
One-to-one + DFS + WES 904 + 145 nm

One-to-one + DFS + WFS + knobs 58.4 + 4.7 nm
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Impact of static errors in ATF2:

Simulation conditions

Simulated errors: Corrections applied:
e Static errors: e One-to-one

- Misalignement of quadrupoles, sextupoles, | * DFS
BPMs of 100 um RMS.

« WEFS
- Strength error of quadrupoles, sextupoles
of 0,01% RMS. « Knobs (3{, YP D Xl}D éP.*XP XP.*YP XP.*@
Y ~"
- Roll error for quadrupoles and sextupoles First order Second order

of 200 urad RMS.

Simulation procedure:

e 100 machines with the previously cited static imperfections.
e Apply the cited corrections and the knobs on the distribution at the IP.

« Each simulation set will study the impact of a specific static error.

Tracking code used: PLACET
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https://accelconf.web.cern.ch/e08/papers/tupp094.pdf

Impact of static errors in ATF2:

Misalignment

Misalignement of quadrupoles, sextupoles, BPMs of 100 um RMS:

52.51 | 1 0!0 um m!isal ignn!1e nt
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¥ | G ——— === -———===7 . ! !
R S s s S s s s S
| : ! : : Iy SR SRR S =
40.0 f-—-'i"“ f‘""?""?""‘i? ,,,,,,,,,, + ,,,,,,,,,, +
. 5__ﬁ::::i—_—--;:-----I—---i—-—-i----i—---,i"“*““i

01 02 03 04 05 06 07 08 09 10
Beam intensity (10%%e™)

35.0

Figure: Effect of the misalignments on the vertical beam size at the IP (o) vs.
the beam intensity with wakefields calculated with PLACET.
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Impact of static errors in ATF2:

Strength error

Strength error of quadrupoles, sextupoles of 0.01% (4 misalignment 100 um):
20.0+ - S | ‘ - - wllo strengtﬁ error __
! ! | | W w/ strength error
17.5{——§— .
15.0 - f-—
e
212,51
o100 M
O
7.5t
5.0 |EEEEE
25— —
0.0 -_a__=
37.5 40.0 42.5 15.0 47.5 50.0 52.5
o, (nm)
Figure . Effect of quadrupoles and sextupoles strength error of 10~ RMS at
1.0 x 101%~ on the vertical IP beam size (0’;), in presence of wakefields calculated
with PLACET.
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Impact of static errors in ATF2:

Roll error

Roll error for quadrupoles and sextupoles of 200 urad:
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Figure: Effect of 200 purad RMS rolls of BPMs, quadrupoles and sextupoles

on the vertical IP beam size (¢}) vs. the beam intensity, in presence of wakefields

)

calculated with PLACET.

Static error Misalignment Strength error Roll error
Error amplitude 100 [pm] 1x10™4 200 [prad|
Average o, at 10? e [nm] 43 + 1.1 39 + 0.09 39 + 0.16

Average o} at 101 e~ [nm] 45 £ 1.1 42 £ 0.29 41 £ 0.49
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Impact of dynamic errors in ATF2:

Simulation conditions

Simulated errors:

Static errors:
- Misalignement of quadrupoles, sextupoles and

BPMs of 100 um RMS.

- Stren%\’glh error of quadrupoles and sextupoles of
0.1% RMS.

- Roll error for quadrupoles and sextupoles of 200
urad RMS.

Dynamic errors:
- Incoming pos. & ang. jitter of [0.10 -1.00 ]

Corrections applied:

e One-to-one

« DFS

« WFS

 Knobs (Y, YP D XP XP.*XP XP.*YP XP.*@
\ A

Y Y

First order Second order

Simulation procedure:

Tracking 200 bunches per machine from the ATF extraction line to the IP.

100 machines with the previously cited static imperfections.

Apply the cited corrections and the knobs on the distribution at the IP.

18th June 2020
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Impact of dynamic errors in ATF2:

Incoming position jitter

Incoming position jitter of [0.10y— 0.50y]:

!I Inct!:nming p!osition!jittero.!loy |
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Beam intensity (x10%%e ~)

Figure: Effect of incoming 0.1, 0.3 and 0.5 o, beam position jitter on the vertical
beam size at the IP (o) vs. the beam intensity, calculated with PLACET in presence
of wakefields.

w[nm/10°] \/ 0,0~
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Impact of dynamic errors in ATF2:

Incoming angle jitter

Incoming angle jitter of [O.loy,— 0.50y,]:
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Figure: Effect of incoming 0.1, 0.3 and 0.5 o, beam angle jitter on the vertical
beam size at the IP (o) vs. the beam intensity, calculated with PLACET in presence
of wakefields.
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Impact of dynamic errors in ATF2:

Incoming position and angle jitter

Incoming position and angle jitter of [0.10y,— 1.00y,]:

120+ @& 0.10,&0.10, === W = 3.38 nm/10% "
¢ 0.30,&0.30) ~=- w=4.47 nm/10%e~ PR
110+ & o0.50,&0.50)==- w =5.97 nm/10%" e
9 1.00,&1.00) === w =10.25 nm/10%" -
100 g . e
E 90 io"’
£ I e
% D 80 - - f{
° 70 S Lot > e
?"’l— i --"I— i —__i
60 -'""_‘ - - ’--
50 ;-" -:-3’::::“?-:---: e SR

Beam intensity (x101%e~)

Figure: Effect of both incoming 0.1, 0.3, 0.5 and 1.0 ¢, beam position and 0.1,
0.3, 0.5 and 1.0 o beam angle jitters on the vertical beam size at the IP (o) vs. the
beam intensity, calculated with PLACET in presence of wakefields.

w [nm/lOg]:(\/G;q—oi,O)/q
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Impact of dynamic errors in ATF2:

Incoming position and angle jitter summary

Jitter w [nm/10° e]  Intensity [e”] Average o} [nm]
Inc. position jitter 0.1o, 3 38 1.0 x 10? 45 + 0.05
and angle jitter 0.1o,, ' 10.0 x 107 56 + 0.59
Inc. position jitter 0.30 1.0 x 10? 45 + 0.20

.. Y 4.47
and angle jitter 0.30,, 10.0 x 107 63 + 1.95
Inc. position jitter 0.50, = 07 1.0 x 10? 47 + 0.42
and angle jitter 0.50,, ' 10.0 x 10° 75 + 3.45
Inc. position jitter 1.00, 10.95 1.0 x 10? 52 + 1.20
and angle jitter 1.00,, ' 10.0 x 10? 113 + 7.41
Static error Misalignment Strength error Roll error
Error amplitude 100 [pm)] 1x10™4 200 [prad)
oy growth at 10° e~ 16% 4% 6%
o growth at 1010 - 22% 15% 12%
Dynamic error Angle jitter Position jitter Both jitters
Error amplitude 0.50, 0.50, 0.50, and 0.50,
o growth at 109 e~ 22% 27% 27%
oy growth at 1010 e~ 49% 103% 103%
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Wakefield knobs

Experimental setup (1/2)

Goal: Use two well known wakefield sources on movers in the ATF2 extraction line
to compensate the intensity-dependent effects.

Setup: Made of two movers, the first one carries two C-BPMs and the second one
carries a bellows.

2 C-BPMs

bellow

i to IP

H .
H LY
: H
H ]
: ’
. L
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K
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B
4
[ :

Mmovers
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Wakefield knobs

Experimental setup (2/2)

Position: The setup was installed in the the ATF2 extraction line between
QD10BFF and QD10AFF. The phase between the setup and the IP is around 2.5Tt.
Thus, the kicks generated by the setup translate into a position offset at IP.
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Wakefield knobs

Simulations (1/2)

Position of CBPMs scan for one machine.

Position of bellows scan for one machine.
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Wakefield knobs

Simulations (2/2)

251§ wjo wakefield knobs | T I
60.0 I W/ W3k€fi€|d kﬂObS --T-—-—--—---—ér-----------éT-----------Té _________ I‘ il_’ _____
R s s S B S S } POl R
B 55,0
c N
= 52,5 P e e A
o L e
50,01 e
47 5 e T
B o o e s T e e
42.5 0.1 02 03 04 05 06 0.7 08 09 1.0

Beam intensity (x10%%e™)

Figure: Simulations of the impact of the ATF2 wakefield knobs on the vertical
IP beam size (o}).

Case O'_; [nm]
No source on movers 61.2 + 1.4
Using the bellow on mover 484 + 1.0
Using the 2 C-BPMS on mover 45.5 + 0.9

Using both the bellow and the 2 C-BPMs on movers 45.2 £ 0.9
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The IP Beam Size Montior

or Shintake Monitor

Nd:YAG-laser interferometer Compton y-ray detector
scattered y-ray

1= —8deg. mode
C \ —30deg. mode
- —174deg. mode

- bending
magnet

Modulation Depth
< e
(=]

interference L \
fringes B
0.2 \

"" - :
o"' 0_\ L ....\.\ ‘ \....\ R
e beam ,.* phase 10 102 103 10°
y 4 ‘ y scan Beam Size [nm]
X z

Figure: Dynamic ranges of the ATF2 IPBSM.

Figure: Schematic of the ATF2 IP Beam Size Monitor.

Table: Dynamic range of the IPBSM.

Crossing angle ¢ 174° 30° 2-8°
Measurable o 25 - 100 nm 80 - 400 nm 360 nm - 6 um
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Dispersion Free Steering
Experimental results

Corrector

v’

Figure: Schematic of the Dispersion Free Steering correction.

800 ‘\ S bx targeil: — 125 — D;, target i

,é 600 \ —— D, before correction ~ ’E" 100 Dy before correction
£ 400 L —— D, after correction £ 5 — D, after correction A
= 200 c S0
2 0 \ o /.\s. -g 25 //\\
Q- N —_
a —400 \I \4 N \V/\’

—600 \ =50 \/

~800; : 10 15 20 25 30 ~73 5 10 15 20 25 30

BPM number BPM number

Figure: Measured horizontal dispersion (D,) in the ATF2 beamline before and Figure: Measured vertical dispersion (Dy) in the ATF2 beam line before and
after applying DFS correction vs. BPM number. after DF'S correction vs. BPM number.
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Wakefield Free Steering

Experimental results

Wakefield
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Figure: Schematic of the Wakefields Free Steering corrections.
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Figure: Measurement: impact of Wakefield Free Steering on the vertical orbit.
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Dispersion Free Steering and Wakefield Free Steering

Experimental results

— Wakefield
kick Q,
‘_—I_’Ez .................. —= — Y
> PO e Q s "
| E, S —— —
BPM BPM
BPM
Corrector
- Wakefield
E, : kick Corr;ctor Q, .
j S‘ = »
§ E, g :':l — %
BPM BPM
BPM
Figure: Schematic of the Dispersion Free Steering correction. Figure: Schematic of the Wakefields Free Steering corrections.
I Measuremént w/o correction s
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Figure: Measurement: impact of DF'S and WFS on the vertical beam size at the IP.
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Wakefield knobs

Experimental results*

300+ & Measurement w/o wakefield knobs -+ ,,/'
2751 77" w=27.13 + 1.40 nm/10% - I ; s
® Measurement w/ wakefield knobs /a’
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Figure : Measured vertical IP beam size (o) vs. the beam intensity before and
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, after applying wakeficld knobs.
9 2 2 :
w[nm/10"|= (\/Uy,q_(’y,o)/q *Using the IPBSM 30° mode

The wakefield knobs reduced the intensity dependence parameter from
27.13 nm/10° to 14.51 nm/10°. (The IP angle jitter was 70 urad).
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Intensity-dependent effects In
ATF2

Measurements

Comparison simulations/measurements
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Comparison intensity-dependent effects

Simulations/Measurements

¢ Measurement

9| === w= 13.76 nm/10% ~
¢ Simulation

| === w =13.78 nm/10% ~

””””””””””””””””””””””””””””””””””””””””””””””

I I I |
= 80 R e
| I I I |
! : : ! : : : ‘ -
c 1 | | 1 | | | -
~ ! ! ! ! ! PP L -
S L e e N r%_,_-w ********* —=="]
© | | | L et PPty
| - 'i— - ! " = |
60t i ———— -"r-""”-'" --------------------------- Pry e (s e
_____ | - jE : R ?‘" - i
| 1 4. - {.- - 1 1 |
- - -; ----- 1 ----- I i i
50 I e e e

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Beam intensity (x101% )

Figure: Comparison between measurements and simulations of the vertical beam
size at the IP (o) vs. the beam intensity and the intensity-dependent parameter w

Case | w [nm/10° e7] Beam intensity [e-] Average o} [nm]
0.1x1010 57 £ 1.7
0.2x1010 63 £ 1.7
Measurement 13.76 0.3x 1010 68 + 2.1
0.4x1010 72 £ 2.0
0.1x1010 52 + 1.2
. . 0.2x1010 56 + 1.6

18th June 2020 Simulation 13.78 0.3x1010 61 + 2.1 39

0.4x1010 67 + 2.8




Impact of short-range and long-

range wakefields in the 380 GeV
CLIC BDS




Introduction

The Compact Linear Collider

The Compact Linear Collider is an electron/positron head-on collider at energies of up to 3 TeV. For an optimal
exploitation of its physics potential, CLIC is intended to be built and operated in three stages, at collision energies
of 380 GeV, 1.5 TeV and 3 TeV respectively, for a site length ranging from 11 to 50 km. The physics aims of CLIC
include high-precision measurements of the Higgs boson’s interactions with other particles and with itself.

The latest information and parameters can be found in the CLIC Project Implementation Plan [10] (2018).

CERN-2018-010-M
20 December 2018

Table: Key parameters of 380 GeV baseline collider.

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE Parameter Symbol Unit
CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
Centre-of-mass energy NE GeV 380
Repetition frequency frep Hz 50
Number of bunches per train ny 352
Bunch separation At ns 0.5
Pulse length TRF ns 244
Accelerating gradient G MV/m 72
Total luminosity L 103 em™2%s71 1.5
Luminosity above 99% of /s Lo.01 10%%* em 2571 0.9
Main tunnel length km 11.4
THE COMPACT LINEAR COLLIDER (CLIC) Number of particles per bunch N 10° 5.2
PROJECT IMPLEMENTATION PLAN Bunch ].ength o, ;LIII 70
IP beam size oz/0y nm 149/2.9
caEn Normalised emittance (end of linac) €,/¢, nm 900/20
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Introduction

The Compact Linear Collider

CLIC would use a novel scheme, the two-beam-acceleration. The so-called Drive Beam would run parallel to the
colliding Main Beam. The Drive Beam is decelerated in special devices called Power Extraction and Transfer
Structures (PETS) that extract energy from the Drive Beam in the form of powerful Radio Frequency (RF) waves,
which is then used to accelerate the Main Beam. Up to 90% of the energy of the Drive Beam is extracted and
efficiently transfered to the Main Beam.

Klystrons
472 units, 20 MW, 48 us

v

DRIVE BEAM

COMPLEX Delay Loop
73m

2.0 km

Drive Beam Accelerator

1.91GeV, 1.0 GHz
@95 m

Decelerators, 4 sectors Decelerator, each 878 m

\, Time Delay Line )
BDS | Bbs l” ” G2
= : \
A

BC2

2.2 km 2.2 km
e*Main Linac, 190 GeV, 12 GHz, 72 MV/m, 3.5 km
IP T
~ 1.4 km - 300m

e~ Main Linac, 190 GeV, 12 GHz, 72 MV/m, 3.5 km

300 m

Booster Linac
9 GeV

Spin Rotator

CAPTION
389 m Pre-Injector Primary e” Linac CR : Combiner ring
e*Linac for e* production TA : Turnaround
MAIN BMIIEDIL.\EI\Q 0.2 GeV 5 GeV DR : Damping ring
‘ Target Gun BC : Bunch compressor
BDS : Beam delivery system
- = IP : Interaction point
—D
@ :Dump
Spin Rotator Injector Linac Pre-Injector DC Gun
2.86 GeV e”Linac
0.2 GeV

380 GeV
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Introduction
The Compact Linear Collider
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Introduction
The Compact Linear Collider

CLIC is a global collaboration of more than 70 institutes and laboratories from more than 30 countries around the world.
The CLIC concept was initiated at CERN, however, the theory and the technology are being developed and tested at
member institutes worldwide.

O Accelerator collaboration
@ Detector collaboration

© Accelerator+Detector collaboration °

S .
A, g N i

* .
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Introduction

The CLIC Beam Delivery System (BDS)

Klystrons
472 units, 20 MW, 48 us

DRIVE BEAM
COMPLEX

Delay Loop
73m

2.0 km
Drive Beam Accelerator
1.91GeV, 1.0 GHz

Decelerators, 4 sectors

Decelerator, each 878 m

300m

CAPTION
o ) 389 Pre-Injector Primary " Linac CR : Combiner ring
\ Pﬁ / + O\ e*Linac for e* production TA : Turnaround
MAI?O?\AEPIL\& | 359 m 359m . ‘ 0.2 Gev S e DR : Damping ring
- P
‘ Target Gun BDS Beam deli;ery system
') . : - = ﬁ ‘Igter;]a:t\on point
380 GeV
600 1
500 —— By
Table: CLIC 380 GeV beam parameters. 4001 B
~ 3001 y
Parameter Symbol Value « 200 I T
Centre-of-mass energy Ecu 380 GeV 0
Length of the BDS Lps 1949 m 02 250 500 750 1000 12
Number of bunches np 352 0.2 N i
Bunch population N 5.2 x10? e~ = 0.0 -
RMS bunch length o, 70 pm S _02 Nx
Bunch separation Aty 0.5 ns < 0.4
IP RMS beam sizes oxloy 149/2.9 nm —0.6" Ny | - - - SO A
0 250 500 750 1000 1250 1500 1750 IP
s (m)
Figure: CLIC BDS 380 GeV Twiss parameters calculated with PLACET.




Simulations of the impact of
short-range wakefields in CLIC

Impact of corrections and
Intensity dependent effects
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Impact of corrections in CLIC

Simulation conditions (1/2)

Simulated errors: Corrections applied:
e Static errors: e One-to-one

- Misalignement of quadrupoles, sextupoles | * DFS
and BPMs of 50 um RMS.

« WES
- Strength error of quadrupoles and
sextupoles of 0.1% RMS. « Knobs (X(, YP D leD éP.*XP XP.*YP XP.*@
Y ~"
- Roll error for quadrupoles and sextupoles First order Second order

of 200 yrad RMS.

Simulation procedure:

e 100 machines with the previously cited static imperfections.
e Apply the cited corrections and the knobs on the distribution at the IP.

e Measure the vertical beam size at the IP.
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Impact of corrections in CLIC

Simulation conditions (2/2)

Wakefield sources: X-band cavity BPMs (C-BPMs), wakepotentials calcultated with GdfidL.

Dipole E-field 0.6
[ 0
4
4 Antenna € oo I \
g O
S ool \
Electron bunch g~ '\\
—-0.2
z L
-0.4 AW
------ o k- —0.6
> L Ay
z . -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
— — z (mm)
Figure : Transverse wakepotential in V/pC/mm of the CLIC C-BPM, calculated
with GdfidL for a vertical offset of 1 mm, Gaussian bunch length of 70 pm and 1 pC
charge (in red). For reference, the distribution of the electrons in one bunch is shown
(in blue).
Antenna
Figure: Schematic of a C-BPM. Table: Positions of CLIC 380 GeV BDS C-BPMs.
sw)| # s # s # s | # s
0.0 28 1589 | 55 8684 | s2  97l4 | 109 11312
5.5 20 1504 | 56 8689 | 83 9798 | 110 11317

11.0 30 1781| 57 8695 | 84 980.3 111 1140.1
3 16.5 31 178.6 58 870.0 85 998.4 112 1147.0

\ 17.0 32 197.2 59 870.6 86 998.9 113 1159.5

26.4 33 2020 60 87L1| 87 999.8 114 1172.0

36.3 34 2050 61 8718 | 88 1000.3 | 115 11843

36.8 35 211.0| 62 8723 | 89 10184 | 116 1193.0

X - 103 36 2123 | 63 8844 | 90 10189 | 117 12059

10 408 37 363.5| 64 8849 | 91 1027.3 | 118 12188

11 444 38 3648 | 65 8855 | 92 10278 | 119 12312
12 44.9 39 376.0 66 886.0 93 1036.2 120 1246.8
13 48.5 40 377.3 67 886.9 94 1036.7 121 1279.9
] 14490 41 W5 | 68 8’74 | 95 10548 | 122 13339
15 525 42 5208 | 69 9055 | 96 10553 | 123 13371

16 53.0 43 5410 70 906.0 | 97 1056.2 | 124 13910
17 624 44 5423 | 71 9144 | 98 1056.7 | 125 13942
18 629 45 6935 | 72 914.9| 99 10748 | 126 1460.6

© 0D YW [

19 723 46 694.8 73 923.3 100 1075.3 127 1463.8
/// 20 72.8 a7 706.0 74 923.8 101 1083.7 128 1483.6
_— i 21 82.2 48 707.3 75 941.9 102 1084.2 129 1488.6
— i *+ 22 101.3 49 858.5 76 942.4 103 1092.6 130 1658.2
\\ \\ 23 101.8 50 859.8 7 943.4 104 1093.1 131 1687.4
L "‘Y\ 24 120.5 51 866.1 78 943.9 105 1111.2 132 1716.7
> 25 121.0 52 866.6 7 961.9 106 1111.7 133 1925.7
26 139.7 53 867.3 80 962.4 107 1112.6 134 1938.4
Figure: Geometry of the CLIC C-BPM, generated with GdfidL. 27 102 51 8678 8t 970.9 108 11131

The short-range wakefield sources taken into account are the 134 CLIC C-BPMs. | 48




Impact of corrections

In the CLIC 380 GeV BDS

800 Lo e No colrrection
600 T - ® One-to-one+DFS -
: CUE ) see..l @ One-to-one+DFS+WFS+knobs
5 400 ~lhea . I
© b :
3 200
|
>~ -200
—400
—600 . o L :
=2 -1 0 1 2 3
Y —Y(um)

Figure  : Centered vertical phase space at the 380 GeV CLIC BDS IP, Y/ - Y vs.

Y - Y, for 3 cases: no correction, One-to-one steering, DFS, WFS and One-to-one
steering, DFS, WF'S and knobs, calculated with PLACET with wakefields.

10*
3
10 @ No correction
c 2 One-to-one
e 10 + DFS
o]
1
10 One-to-one
Lommmm e Rerfect machine__ ___ | e ®EDFS
+ knobs
0
10 1 2 3

Correction step

Figure  : Average vertical beam size at the 380 GeV CLIC IP (o;) vs. correction
step: One-to-one, DFS, WFS corrections and TP tuning knobs. The red dashed line
show the vertical beam size at the IP for a perfect machine, 2.9 nm, calculated with
PLACET with wakefields.

Table : Impact of the corrections on the CLIC 380 GeV vertical beam size at the
IP (o) for 100 machines with wakefields and with a beam intensity of 5.2 x 10 e~,

calculated with PLACET with wakefields.

Correction

O-!(—

Yy

No correction 706 + 160 nm
One-to-one + DFS 137 + 38,0 nm

One-to-one + DFS + knobs

4.82 + 0.570 nm

Orbit corrections and knobs reduce the beam size by a factor 147.
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Impact of short-range wakefields

In the CLIC 380 GeV BDS

55/ ¢ Simulation

---- w = 0.39 nm/10% - oF 0
§5.o e, S S B X

-4-=--"9
c .—-"".'-—_ 2 2
e S S SELL it ¢ 9 (\/0 —O0 0)
S S G w[nm/10 e|=—2~+1—=
Lo q

4.0 |- - =1 == e
3.5

05 1.0 16 21 26 31 3.6 42 47 52
Beam intensity (x10%e7)

Figure  : Vertical IP beam size o; vs. beam intensity in the 380 GeV BDS, calcu-
lated with PLACET with wakefields.

Table  : Intensity-dependent effects due to wakefields on the vertical IP beam size
(oy) in the 380 GeV BDS, calculated with PLACET with wakefields.

Beam intensity oy (nm) w (nm/10° e~)
5.2x108 e~ 4.35 = 0.55 0.39
5.2x107 e~ 4.82 £ 0.57 '

Short-range wakefields have a slight effect in the 380 GeV BDS.
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Simulations of the impact of
long-range wakefields in CLIC

In the CLIC 380 GeV BDS
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Long-range wakefields in the CLIC BDS

Resistive walls wakefield

e Electrons going through the pipe interacts with
the surrounding structure and generates a wake
field. following bunch leading bunch

e This wake field produces a transverse kick for the
following bunches.

o« The following model is used for the transverse
wake function [11]:

W(z)=-5 \/EL

“abdlo L Z
With b the radius of the beam pipe, Z, the impedance of the vacuum,
O the conductivity of the pipe and L the length of the beam line

element.
E 70l 0.030
£ | 0.025
L 601 =
S £ 0.020
t o
501 <3
8 $0.015
o 40| $0.010
o |
Sl 0.005
&
0.000
© ] B R R I Y |
R [ R oY ) oo
0 250 500 750 1000 1250 1500 1750 2000
s (m) Figure  : The CLIC resistive walls wakepotential for a copper beam pipe with a
constant radius of 15 mm for the length of the CLIC BDS (~1949 m). The zoom
Figure: The CLIC BDS beam aperture profile. shows the wakepotential for the length of a train (~ 52.8 m).

The long-range wakefield sources taken into account are the resistive walls.



http://cdsweb.cern.ch/record/1266868/files/CERN-THESIS-2010-073.pdf

Impact of long-range wakefields
In the CLIC 380 GeV BDS

for a constant offset

Simulation procedure:

e A train of 352 bunches is injected at the entrance of the BDS.

e Each bunch is made of one macro-particle.

e Incoming position and angle offset of the train to study the impact of long-range wakefields.
Amplitude of the incoming offsets: 0.01, 0.05, 0.10, or o, with o, and o, the beam size and

the beam divergence at the entrance of the BDS.

3.0 ; : : : ;
e Incoming offset: 0.010, o *
2.5 . ™ T S
e Incoming offset: 0.050, °©® ;
= 2.0 o Incoming offset: 0.1, ¢
| . o E 3
E 15 g @
. i ° 1 | o ®
$10 P E— ee®®
' | ° o ® | 0,=0.66 um
° e ®* g | Y
057 9% q0° [ N R A o .=0.14 urad
2 @ | ‘ ' e o — V.
0o e88ceccsccoecscoc s y H
1 2 3 4 5
Beam intensity (x10% ~)
Figure : Vertical orbit deflection at the IP between the first and last bunch of
a train Ay* vs. beam intensity for three incoming constant position offsets of the
train of bunches in the 380 GeV CLIC BDS: 0.01c,, 0.050, and 0.1, calculated
18th June 2020 with PLACET with resistive walls. >3




Impact of long-range wakefields
In the CLIC 380 GeV BDS

for a constant offset

e Study of the impact of long-range wakefields for a train injected in the BDS with a
constant vertical position and an angle offset of 0.01¢, and 0.010,. respectively on the
vertical orbit deflection at the IP normalized by the IP beam size, A o7 (left).

« Same study was done for both vertical and horizontal incoming offsets (right).

— — *—
0,=0.14 prad 0,=0.66 um 0,=2.9nm
0.04 ; ; ; : 0.04 : : :
e Incoming offset: 0.010, & 0.010, P Inc. offset: 0.01o, & 0.010y
. o e ®
(1) ] S—— ° 0.03} and 0.010x & 0.010 e ®
[} [ ]
o * % o *
'8$0.020 o ® 002, o
= Ny )
> ® > ®
< i ‘ o < °
0.01+ - . o ® d oo o ®
0o’ o ®
> ® e 000! ecoo®®
0.00{ o & ® - | 0.00
i 2 3 a 5 i 2 3 a 5
Beam intensity (x10%% ~) Beam intensity (x10% ~)
Figure : Vertical orbit deflection at the IP between the first and last bunch of a Figure : Vertical orbit deflection at the IP between the first and last bunch of a
train normalised by the IP vertical beam size (Ay* /o) vs. beam intensity for a train train normalised by the IP vertical beam size (Ay* /o) vs. beam intensity for a train
with incoming constant horizontal position and angle offsets of respectively 0.01c, with incoming constant horizontal position and angle offsets of respectively 0.010,
and 0.01o,s and vertical incoming position and angle offsets of respectively 0.01c, and 0.01c, and vertical incoming position and angle offsets of respectively 0.01¢, and
and 0.010, in the 380 GeV GeV BDS, calculated with PLACET with resistive walls. 0.01c, in the 380 GeV CLIC BDS, calculated with PLACET with resistive walls.
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Impact of long-range wakefields
In the CLIC 380 GeV BDS

for a random offset

e Study of the impact of long-range wakefields for a train injected in the BDS with a random
horizontal and vertical position and an angle offsets.

e The distribution of random incoming position and angle offset is a normal distribution with

a zero mean and variance of 2.6x10*, leading to a +/— 5% incoming vertical and horizontal
angle and position offsets.

25
0.04
20 ® Incoming random offset
= 0.03
€15
S *
“10 §°0.02
S
<
> 0.01
o -0.04 -0.02  0.00 0.02 0.04 © 0000000000000 000000
Incoming offset 0.00
Figure . Distribution of incoming position and angle offsets from -0.050,, to 1 2 . \ 3 4 >
0.050, . Beam intensity (x10% ~)

Random incoming offsets lead to a negligible effect of long-range wakefields
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Impact of long-range wakefields
in the CLIC 380 GeV BDS

Luminosity

e Study of the impact of luminosity degradation due to the vertical orbit deflection at the IP with
Guinea-Pig, a code simulating the impact of beam-beam effects on luminosity and background [12].

10l eeq.
09  eq
I ®, ]
ol I R A U R
S |
o6 o, =
o5/ o ey

. .
| | | | . | |

o4 T ®e. |

------------------------------------------------------------------------------------------------------- P0as |

Figure : CLIC 380 GeV BDS luminosity degradation vs. relative vertical offset
of the colliding beams.

nins

dmojo;; 56

L= fcoll
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Impact of long-range wakefields
in the CLIC 380 GeV BDS

Summary

Table  : Impact of different incoming vertical position and angle offsets on the rela-
tive vertical offset Ay at the IP and the luminosity for low and high beam intensities
in the CLIC 380 GeV BDS.

Case Ay [nm] Ay /oy L/L
Inc. position offset 0.10,

0.52 x 10Y e~ 0.006 0.002 ~ 1.0
5.2x10% e~ 2.79 0.96 0.84
Inc. angle offset 0.10,,

0.52 x 109 e- 0.002 0.001 ~ 1.0
5.2x 107 e~ 1.71 0.59 0.91
Inc. offsets 0.010, & 0.010,,

0.52 x 109 e~ 0.003 0.001 ~ 1.0
5.2x10° e” 0.087 0.03 ~ 1.0

Inc. offsets 0.010, & 0.010,,
and 0.010, & 0.010,-

0.52x10° e 0.003 0.001 ~ 1.0
52x 107 e 0.087 0.03 ~1.0
Inc. random offsets around zero

0.52x10° e 0.006 0.002 ~1.0
52x10° e 0.015 0.005 ~1.0

Long-range wakefields have a significant impact in the CLIC 380 GeV BDS.
An intra-train feedback system would be necessary in order to achieve the
luminosity goals.
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Impact of short-range and long-

range wakefields in the 500 GeV
ILC BDS




Introduction

The International Linear Collider

The International Linear Collider (ILC) is a 250-500 GeV (extendable to 1
TeV) centre-of-mass high- luminosity linear electron-positron collider, based
on 1.3 GHz superconducting radio-frequency accelerating technology

ILC parameters and technologies are summarized in the ILC Technical

De51gn Report (2013) [13].

damping rings

/7 €- source
[¢

Do) »))))))))))))))))))))))))‘.

€- main LINAC A
e- BDS —é

2 km 11 km 5 km 11 km 2 km

-l -
-~ Y Lt

A
\
A
\
4

Figure: ILC 500 GeV layout with dimensions (not to scale)
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Introduction

The ILC Beam Delivery System (BDS)

damping rings

e- bunch compressor

e+ source

€- main LINAC

2 km 11 km 5 km 11 km 2 km
Table: ILC 250 GeV beam parameters.
Parameter Symbol Value
Centre-of-mass energy Ecum 250 GeV
Length of the BDS Lgps 2254 m
Number of bunches g 1312
Bunch population N 2.0 x10%0 e~ ‘ _
RMS bunch length o, 0.3 mm 0 : ——— 50 - P
Bunch separation Aty 554 ns 0 500 1000 1500 000
IP RMS beam sizes oxloy 516/7.7 nm oef —— ]
- 04 — Mx R S
S -
Table: 500 GeV ILC beam parameters. ‘E_ 0.2 L N
0.0 ‘ ‘ 1 .
Parameter Symbol Value —0.2 § | N | i
' IP
Centre-of-mass energy Eoy 500 GeV 0 500 10050(m) 1500 2000
Length of the BDS Lgps 2254 m
Number of bunches n 1312
Bunch population ]\I; 2.0 x1010 - Figure: The ILC BDS 500 GeV Twiss parameters calculated with PLACET
RMS bunch length o, 0.3 mm
Bunch separation Aty 554 ns 60
IP RMS beam sizes axloy 474/5.9 nm




Introduction

The ILC Beam Delivery System (BDS)

damping rings

e- bunch compressor

e+ source

€- main LINAC

2 km 11 km 5 km 11 km 2 km
Table: ILC 250 GeV beam parameters.
Parameter Symbol Value
Centre-of-mass energy Ecum 250 GeV
Length of the BDS Lgps 2254 m
Number of bunches g 1312
Bunch population N 2.0 x10%0 e~ i
RMS bunch length o, 0.3 mm 0 ; —————— ‘ ip
Bunch separation Aty S——— 0 500 1000 1500 2000
IP RMS beam sizes oxloy @ 0.6f——— .
~ 04 T M S
€ — |
Table: 500 GeV ILC beam parameters. ‘E_ 0.2 y I A
0.0 . ‘ 1 1
Parameter Symbol Value —0.2 § | N | |
) IP
Centre-of-mass energy Eoy 500 GeV 0 500 10050(m) 1500 2000
Length of the BDS Lgps 2254 m
Number of bunches n 1312
Bunch population ]\I,’ 2.0 x1010 - Figure: The ILC BDS 500 GeV Twiss parameters calculated with PLACET
RMS bunch length o, 0.3 mm
Bunch separation Aty U 61
IP RMS beam sizes axloy @




Simulations of the impact of
short-range wakefields in the ILC

Impact of corrections and
intensity dependent effects
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Impact of corrections in ILC

Simulation conditions (1/2)

Simulated errors:
e Static errors:

- Misalignement of quadrupoles, sextupoles
and BPMs of 50 pm RMS.

- Strength error of quadrupoles and
sextupoles of 0.1% RMS.

- Roll error for quadrupoles and sextupoles

of 200 prad RMS.

Corrections applied:

e One-to-one

« DFS

« WFS

 Knobs (Y, YP D XP XP.*XP XP.*YP XP.*@
\ A

. Y v
First order Second order

Simulation procedure:

e 100 machines with the previously cited static imperfections.

e Apply the cited corrections and the knobs on the distribution at the IP.

e Measure the vertical beam size at the IP.

18th June 2020

APT seminar 63




Impact of corrections in ILC

Simulation conditions (2/2)

Wakefield sources: C-band cavity BPMs (C-BPMs), wakepotentials calcultated with GdfidL.

0.20
0.15 \
oa0h ]\

\
0.05
0.00 /\ k
;-o.os AN

-0.10 \\_
-0.15 SN

-2 0 2 4 6 8 10
z (mm)

V/pC/mm)

Figure : Transverse wakepotential in V/pC/mm of the ILC C-BPM, calculated
with GdfidLL for a vertical offset of 1 mm, Gaussian bunch length of 0.3 mm and 1

Dipole E-field pC charge (in red). For reference, the distribution of the electrons in one bunch is
y shown (in blue).
Antenna =
' Table: Positions of ILC BDS C-BPMs.
i Electron bunch BPM# s(m)| BPM# s(m) | BPM# s(m) | BPM# s (m)
| 1 05 | 27 6712 | 53 1247.1| 79 17312
2 160 | 28 6744 | 54 12611 | 80 17317
— » 3 315 | 29 7043 | 55 1265.1 | 81 1733.0
4 470 | 30 7604 | 56 1279.1 | 82 1778.8
— 5 581 | 31 766.7 | 57 14200 | 83 1805.7
Z g 6 691 | 32 769.8 | 58 14682 | 84 18326
- 7 800 | 33 7730 | 59 14810 | 85 1878.4
; 8 911 | 34 779.3 | 60 1495.0 | 86 1880.2
I 9 1066 | 35 8354 | 61 15000 | 87 1880.7
10 1221 | 36 865.3 | 62 1510.7 | 88 1882.0
3 1 1376 | 37 8685 | 63 15379 | 89 1892.2
e 12 157.3 | 38 871.6 64 1565.1 | 90 1894.1
Antenna 13 160.6 | 39 9015 | 65 1566.7 | 91 1895.9
14 1728 | 40 957.6 | 66 1580.7 | 92 1896.4
. - . 5 5
Figure: Picture of an ATF2 C-BPM (top) and schematic of a C-BPM (bottom). 0 o s oy | sl e
17 2072 | 43 9702 | 69 16149 | 95 2061.7
18 244 | 4 976.5 | 70 16544 | 96 2088.6
19 2254 | 45 1013.8 | 71 16594 | 97 22428
20 2416 | 46 10540 | 72 1697.6 | 98 22433
. . 21 2388 | 47 1058.0 | 73 17137 | 99 22434
The short-range wakefield sources taken into Z o EOR| A AT2) T LS| mug
23 323.0 | 49 11354 | 75 1717.3 | 101 2247.4
24 326.5 | 50 1160.0 | 76 1719.2 | 102 2247.7
account are the 104 ILC C-BPMS. 25 3672 | 51 1184.6 | 77 1719.2 | 103 2247.7
26 166.5 | 52 1200.2 | 78 1720.4 | 104 22489




Impact of corrections
in the ILC 250 and 500 GeV BDS

e No correction
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Figure . Centered vertical phase space at the 500 GeV ILC BDS IP, Y’/ - Y vs.

Y - Y, for 3 cases: no correction, One-to-one steering, DFS, WFS and One-to-one
steering, DF'S, WFS and knobs, calculated with PLACET with wakefields.
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10 No correction
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100 + knobs
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Figure : Average vertical beam size at the 500 GeV ILC IP (oy) vs. correction
step: One-to-one, DFS, WFS corrections and IP tuning knobs. The red dashed line
show the vertical beam size at the IP for a perfect machine, 5.9 nm.

Table

: Impact of the corrections on the ILC 250 GeV vertical beam size at the
IP (oy) for 100 machines with wakefields and 2 x 10" e~, simulated with PLACET.

Table : Impact of the corrections on the 500 GeV ILC vertical beam size at the
IP (o) for 100 machines with wakefields and 2 x 10'° e, simulated with PLACET.

Correction a_;
No correction 69.4 £ 26.8 pm
One-to-one 1.1+ 0.3 pm
One-to-one + DFS 514 + 65 nm
One-to-one + DFS + WFES 512 + 64 nm
One-to-one + DFS + WFES + knobs 9.43 + 0.30 nm

Correction 0—;
No correction 33.0 £ 10.7 pm
One-to-one 7.1 £ 2.6 pm
One-to-one + DFS 452 + 81 nm
One-to-one + DFS + WFS 372 + 47 nm
One-to-one + DFS + WFS + knobs 6.11 + 0.30 nm

Orbit corrections and knobs reduce the beam size by a factor 5400 for the 500 GeV case. (6>




Impact of short-range wakefields

In the 250 and 500 GeV BDS

10.2 : : : : : 6.6 i i i
4 Simulation 6.5 $ Simulation
10.0+ 9, -
---- w = 0.04 nm/10% - 6.4 ===- w = 0.04 nm/10%
s s At A R & 6.3
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Figure  : Vertical IP beam size o, vs. beam intensity in the 250 GeV BDS, calcu- Figure : Vertical IP beam size oy vs. beam intensity in the 500 GeV BDS,
lated with PLACET with wakefields. calculated with PLACET with wakefields.
Table : Intensity-dependent effects due to wakefields on the vertical IP beam size Table : Intensity-dependent effects due to wakefields on the vertical IP beam size
o, in the 250 GeV ILC BDS, calculated with PLACET with wakefields. o, in the 500 GeV BDS, calculated with PLACET with wakefields.
Beam intensity o, (nm) w (nm/10° e7) Beam intensity o) (nm) w (nm/10° e7)
0.2x1010 ¢- 9.40 = 0.30 0.04 0.2x1010 ¢- 6.07 + 0.30
2.0x100 e~ 9.43 £ 0.30 ’ 2.0x1010 e- 6.11 + 0.30 0.04

Short-range wakefield effects are negligible in both 250 and 500 GeV BDS

(Voy,4= 9.0
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Simulations of the impact of
long-range wakefields

In the 500 GeV ILC BDS
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Long-range wakefields in the ILC BDS

Resistive walls wakefield

e Electrons going through the pipe interacts with the
surrounding structure and generates a wake field.

e This wake field produces a transverse kick for the following bunch leading bunch
following bunches.

e The following model is used for the transverse wake

function:
e Zy
W(Z)_an (Ornz)L

With b the radius of the beam pipe, Z, the impedance of the vacuum, 0,
the conductivity of the pipe and L the length of the beam line element.

’E‘30 ******************************************************************************** nmE 0.101 (||
£
o250 _0.08] |||
5 £
£ U 0.06
o 2000 ™ =
© <0.04|
815 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g
[y 0.02} (||
e I R R E T R | [
8 10 0'00 [ 7: i : ; ; |
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0 500 1000 1500 2000 z (km)
s (m)
Figure  : The ILC resistive walls wakepotential for a copper beam pipe with a
Figure: The ILC BDS beam aperture profile vs. s. constant radius of 10 mm for the length of a train (~218 km). The zoom shows the
wakepotential for the length of the ILC BDS (~ 2254 m).




Impact of long-range wakefields

in the 500 GeV ILC BDS
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Figure . Vertical orbit deflection at the IP between the first and last bunch of
a train Ay* vs. beam intensity for three incoming constant position offsets of the
train of bunches in the 500 GeV ILC BDS: 0.010,, 0.050,, and 0.10,, calculated with
PLACET with resistive wall effects included.

Beam intensity (x10% ™)

Figure . Vertical orbit deflection at the IP between the first and last bunch of a
train normalised by the TP vertical beam size (Ay*/oy) vs. beam intensity for a train
with incoming constant horizontal position and angle offsets of respectively 0.01o,
and 0.01o,, and vertical incoming position and angle offsets of respectively 0.01g,
and 0.0loy in the 500 GeV ILC BDS, calculated with PLACET with resistive wall

effects included.
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Figure : Vertical orbit deflection at the IP between the first and last bunch of a
train normalised by the IP vertical beam size (Ay*/oy) vs. beam intensity for a train
with incoming constant position and angle offsets of respectively 0.010, and 0.010, in
the 500 GeV ILC BDS, calculated with PLACET with resistive wall effects included.
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Figure . Vertical orbit deflection at the TP between the first and last bunch of

a train normalised by the IP vertical beam size (Ay*/oy) vs. beam intensity for a
train with a random and around zero incoming vertical and horizontal position and
angle offsets of between -0.05 and 0.05 ¢ in the 500 GeV ILC BDS, calculated with
PLACET with resistive wall effects included.




Impact of long-range wakefields
in the 500 GeV ILC BDS
Luminosity

Figure : 500 GeV ILC BDS luminosity degradation vs. relative vertical offset of
the colliding beams.
UARLD:
L= f coll "
mo.0,
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Impact of long-range wakefields
in the 500 GeV ILC BDS

Summary

Table  : Impact of different incoming vertical position and angle offsets on the rela-
tive vertical offset Ay at the IP and the luminosity for low and high beam intensities
in the ILC BDS 500 GeV.

Case Ay [nm] Asfoy L /L
Inc. position offset 0.10,

0.2 x 1010 ¢ 0.028 0.005 ~ 1.0
2.0 1010 e~ 3.08 0.522 0.82
Inc. angle offset 0.10,,

0.2 x 1010 - 0.0178 0.003 ~ 1.0
2.0x 1010 ¢ 32.57 5.52 0.32
Inc. offsets 0.010, & 0.010,,

0.2 x 1010 - 0.012 0.002 ~ 1.0
2.0x 1010 ¢~ 3.54 0.6 0.80

Inc. offsets 0.010, & 0.010,,
and 0.010, & 0.010,.

0.2 x 1010 ¢ 0.03 0.005 ~1.0
2.0 x 1010 ¢- 8.91 1.51 0.59
Inc. random offsets around zero

0.2 x 1010 ¢~ 0.01 0.002 ~ 1.0
2.0 x 1010 &= 0.06 0.01 ~ 1.0

Long-range wakefields have a significant impact in the 500 GeV ILC BDS as
well. An intra-train feedback system would be necessary in order to achieve | -,
the luminosity goals.
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Conclusions - PhD Studies

The intensity-dependent effects in ATF2 were quantified with PLACET taking
into account several types of wakefield sources and considering realistic static and
dynamic imperfections.

The impact of several corrections (One-to-one, DFS, WFS, knobs) were studied
with PLACET and showed promising results.

The simulated and measured intensity-dependent parameters seemed to agree
really well taking into account realistic simulation conditions in ATF2.

The intensity-dependent effects due to short-range wakefields are negligible in
both the CLIC and ILC BDS.

The intensity-dependent effects due to long-range wakefields have a significant
impact on the luminosity in both CLIC and ILC BDS.

An intra-train feedback system is necessary in order to correct those effects and to
achieve the required luminosity goals. Such a system has been studied to correct
the vertical jitters generated by ground motion [14].

A prototype feedback system was tested in ATF2 and gave promising results [15].
The next step will be to implement this feedback and study its impact on the
luminosity losses due to intensity-dependent effects.
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