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« ATF2 @ KEK: Motivation and Objectives

ATF Matlab Flight Simulator

DFS and WEFS in the LINAC

DFS and WFS in the EXT

ATF2 Python Flight Simulator
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The ATF2 at KEK
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The Accelerator Test Facility 2 (ATF2)
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ATF2 studies

CLIC related studies in ATF2:

- Final Focus System (FFS) studies : local chromaticity correction scheme.
- Wakefields Mitigation Tools implementation.
- Beam Instrumentation tests (Cavity-BPMs, OTR/ODR beam profile monitors, etc).

- Automatic Beam-Based Alignment (BBA) and tuning procedures (DFS, WFS, etc) tests.
- R&D work on the extraction kicker from the DR.

Extraction Line

Matching Final Focus

=

4
2] — Bx
Table : Beam and optics parameters for ATF2 beamline. E g — By
= 6
Parameter Symbol Value A %
Length of ATF2 L 90 m 0() 10
Beam energy E 1.28 GeV 82 _/\\
Bunch population N, 1.0 x 1010 —_ 8%
Beta functions at IP Bx /B 40 mm/0.10 mm E_02 L \.\/
Beam sizes at IP oxloy 8.9 um/37 nm r:-:g:g o fhx
Bunch length g, 7 mm :(1)8 “ .'?y
0 10
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0 70 80 P

20 30 40 50 61

P. Korysko - CLIC Project Meeting #46 -

Sep. 3, 2024



Automatic Beam-Based Alignment

DFS simultaneously corrects the orbit, x;, and minimizes the difference between the nominal and a dispersive trajectory,
Xagj- This corresponds to minimizing:

=D al Wt ) (waps—w) + 82 6

bpms bpms COrTS

which is equivalent to solving the system of equations:

yi
with R;; =
X R 01 * 893
w(Xap — X) = wD D;; = RaE,ij — Rij
0 I
B 9m wg _ ngm resolution + ngm position

202 :
It is a least-square problem that can be solved using an SVD. bpm resolution

R and D are the response matrices. The free parameter w accounts for the relative weight of the orbit w.r.t. the dispersive
term; B is a regularization parameter.
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Results in the ATF2 extraction line (2019
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Figure: Schematic of the Wakefields Free Steering corrections.
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ATF Matlab Tools:
Flight Simulator
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ATF LINAC Matlab Flight Simulator

The Matlab Flight Simulator SYSID (System ldentification) ~ CERN SYSID ATF2 ONLINE BBA
scripts were updated to work on the ATF LINAC. — Correctors ~Info

Battarn: | 7" new _SYSI0_20240521_201020
S
LINAC/BT Steering-Magnets ZHIL = Current corr: THIL
File Set I(A) Status File Set I(A)  Status Z¥ 1L
ZHIL 160 160 1.63 ON ZX10T 050 -0.50 -0.68 ON ¥zl
ZViL 033 033 035 ON Zvi0T 0.00 0.00 0.00 OFLIN ZHZL
Zval 0.00 0.00 0.00 ON ZX11T 0.81 081 0.66 ON Y 3L — Opticns
ZH2L 0.05 0.05 0.06 ON ZH10T 0.00 0.00 0.00 OFLIN ZH3L
ZV3L 0.00 0.0 0.0 ON V11T 0.00 0.00 -0.70 OFLIN
ZH3L -0.01 -0.01 -0.00 ON ZX12T 0.90 0.0 0.92 ON %\Tit M. of samples: 100
ZH4L -0.62 -0.62 -0.63 ON ZY20T 034 034 035 ON FHSL
ZvaL -0.51 -0.51 -0.51 ON Zv21T 025 -025 -0.26 ON . 1
ZH5L 0.00 0.0 0.01 ON 7227 4126 -126 -1.28 ON V5L Max strength: 0.06 kimm
ZV5L 0.00 0.0 0.01 ON ZY23T -1.47 -147 -150 ON ZHEL
ZH6L -0.07 -0.07 -0.07 ON ZX30T 0.00 0.00 0.00 ON el Cuele e Repeat all ,l
ZV6L -0.23 -023 -0.22 ON ZX31T 0.00 0.00 0.00 ON ZH7L e ' P
ZHL -0.35 -0.35 ON ZV30T 0.09 0.09 -0.00 ON 7L
ZVTL 0.00 0.00 -0.00 ON ZH30T -1.79 -1.79 -1.88 ON ZHzEL Horizontal excitation: 0,4 mm
ZHSL 010 010 0.10 ON ZX32T 205 2.05 1.98 ON Tyl
ZV8L -0.13 -0.13 -0.14 ON ZV40T 4150 -150 -1.58 ON . o
ZHOL 039 -0.39 ON ZH40T 210 -210 -2.18 ON ZH3L Yartical excitation: 03 | mm
ZvaL 0.08 -0.08 -0.09 ON ZX50T 129 129 132 ON 2y 3L
ZH10L -0.22 -021 oN ZX51T -1.70 -1.70 -1.74 ON ZH10L W Plot Orbits
ZV10L -0.41 -0.41 ON ZX52T 0.93 0.93 0.85 ON 2 10L
ZH11L 0.09 0.9 010 ON ZV50T 038 038 038 ON ZH11L
ZviiL 038 038 ON ZH50T 135 135 139 ON Y11l
ZH12L 0.04 0.04 004 ON V51T 0.08 0.08 0.08 ON
Zvi2L 142 -142 ON ||
22‘313;- ‘g-sg ‘g-gg 'g‘;g gm [ se7 | IEM set24may21_1646.dat 4
V1P 0.00 0.0 -0.15 ON
ZV2P 0.00 0.00 -0.07 ON

CERMEBEA 0,01
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Matlab BBA Interface

Beam-based Alignment Tool

BBA_GUI ()
CERN BBA Fermi ONLINE BBA
Correctors BPMs Response matrices Settings
?CORILI??* BPMS:LI77:% Orbit [ Responseo.mat] . | 01_07_2014-BBA

T T 1 P . o
/psch_l02,03 ODW - chl 05 Oxy nyny F--| Dispersion lm J | machine_status_20140701_032229 mat
Jpscv_l02.03 ODW - )2.01 Oxy Dxy Wiy F-- B _ '
Jpsch 102,08 ODW - )2.02 Oxy Dxy Wxy F-- wakefield Response2.mat| .. Change SetKlystronAmplitude(int
Jpscv_l02.04 ODW - 12.03 Oxy Dxy Wiy F-- Reset energy SetklystronAmplitude(int
Jpsch_03.01 0D W - 12.04 Oxy Dxy Wy F-- - - [Setkh -
/pscv_103.01 ODW - )3.01 Oxy Dxy Wiy F-- ShowRO | ShowR1 [ ShowR2 Change [changeBunchcharge(int:
/psch_l03.02 ODW - 13,02 Oxxy Dxy Wiy F-- R‘ t ch chanaeBunchcharas(nt
fpscv_|03.02 ODW - Ecgz .01 Oxy Dxy Wxy F-- e — eset charge |h angesunc argelint:
ly/psch_bc02.01 ODW -|_| | bc02.02 Oxy Dxy Wxy F-- - ) ;
ly/pscv_bc02.01 ODW - )4.01 Oxy Dxy Wxy F-- Gain l—o.e 0E Orbit correction Ex Ry
fpsch_10401 ODW - 74.02 Oxy Dxy Wxy F-- . Dispersion correction Mx WY
fpscv_04.01 ODW - 74.03 Oxy Dxy Wiy F-- ::5 Orbit weight 1 1 Wakefield correction Mx MY
fpsch_l04.02 ODW - 74.04 Oxy Dxy Wxy F-- DFS weight W a0 | ] _
fpscv_04.02 ODW - )4.05 Oxy Dxy Wxy F-- 2ig Feed-forward stabilization 1% ¥
fpsch_l04.03 ODW - 4.06 Oxy Dxy Wiy F-- WFS weight 0o |0
J/pscv_l04.03 ODW - 74.07 Oxy Dxy Wxy F-- Plots
/psch_104.04 ODW - | || 501 OxyDxyWxy F-- FF strength o Jj o _ _
fpscv_04.04 ODW - ?.02 Oxy Dxy Wy F-- | Singular values ’T 1 Wo.rblt . Wo.rblt convergence

- b | 5.03 Oxy Dxy Wxy F-- | W Dispersion W Disp. convergence
. ! ! | [» _linclude coupled terms W walkefield ¥ wake. convergence
+J —J Add from... +J J Addfrom...J W Corrector strengths

Choose function J Choose function el ‘ Showadsd | Clear plots

J ‘ APPLY 1 CORRECTION STEP
CERNBBA
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DFS and WES
In the ATF LINAC
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Change Energy in ATF LINAC

To change the beam energy in the LINAC, the Phase of the Klystron #1 was increased by 5 degrees:

51
LINAC RF PHASE CONTROL Open KickOff Window

HV TRG RF POUT  FILE SET MON STEP
80 @ @ @ 03 -126.0 i -126.7 #0 | Injector Phase
#1 @O O @ i3 82.0 780 #1 AY 1.0

=10l x|

LINAC RF PHASE CONTROL Open KickOff Window
HV TRG RF POUT  FILE SE MON STEP
30 @ 0 @ 303 -126.0 -126.7 #0 | Injector Phase

i1 000 830 #1 AVl 10

45.3 82.0
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ATF LINAC Response Matrices (DFS)

Response Matrices in the ATF LINAC:
RO (nominal energy)

P. Korysko - CLIC Project Meeting #46 - Sep. 3, 202



Disp , [um)

P. Korysko - CLIC Project Meeting #46 - Sep. 3, 202

DFS Correction in the ATF LINAC
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WES In the ATF LINAC

To change the beam charge in the LINAC, the Laser amplitude was decreased by 20%:

1  bunches) [ Train

Set (%) Read (%
#1 | 30.00 30.00

[sneLe ]| two || three |

BEAM CONTROL =101 ]
BEAM OUTPUT DR MODE
| ON ” OFF ” e | | NORMAL | | STORAGE | |5CRUBBING
T DCCT STORAGE START  REFILL START
BEAM ON 1.80 mA 2.20mA 1.50MA
LASER TRAIN MODE ATF2 Synchoro-

nizedTrain change

07:42:02 updated.

BUCKET SELECT
BUCKET

W 0, 98wt

Beam Control Message SUB WINDOWS

el
ON RO POWER

TBTTD2
enable train #

1

THREE 0,110, 220wt 1

BEAM RECOVERY

SET VOL  STATUS
31936 32675 2973 ON

TRG RF
mop#0  oN | on |[ oFf J[reser] on [ on ][ oFF |

DRRF L L

0.3226 MV

BEAM GATE

STATUS TRIGGER

GUN EXT Kicker

L 1LIMAFS AFNUACE AARKMTRAL
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BEAM CONTROL

BEAM OUTPUT DR MODE

| ON ” OFF ” e | | NORMAL | | STORAGE | |5CRUBBING

T DCCT STORAGE START  REFILL START
BEAM ON 0.72 mA 2.20mA 1.50MA

LASER TRAIN MODE ATF2 Synchoro-

1 bunchie

# | 10.00

Set (%) Read (%

[sneLe ]| two || three |

nizedTrain change

Train

07:42:31 updated.

Beam Control Message SUB WINDOWS

REPRATE MAX
CONTROL| | POWER

10.01
BUCKET SELECT

BUCKET

W 0, 98wt

TBTTD2
enable train #

1

THREE 0,110, 220wt 1

BEAM RECOVERY
SET

31936 32675 2949  ON

TRG
MOD #0 ON

DRRF L L

CUR VoL STATUS

RF

[ on || ofF |[reser] on [ on || oFf |

0.3226 MV

BEAM GATE

STATUS TRIGGER

GUN EXT Kicker

L 1LIMAFS AFNUACE AARKMTRAL




ATF LINAC Response Matrices (WFS)

Response Matrices in the ATF LINAC.:

RO (0.4E10 e-) R1 (0.2E10 e-)
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DFS and WES
In the ATF2 EXT
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Change Energy in ATF2 EXT

To change the beam energy in the EXT, the DR Delta-F was decreased by 2 kHz:

Delta-F Ramp =10 x|

DR-RF /|F Ramp

o

Delta-F Ramp =10 x|

DR-RF /|F Ramp
500ms 500ms

Beam Inj Beam Inj
50ms 50ms 50ms 50ms

o

500us 500us
Ramp ON +10kHz | | -10 kHz Ramp ON +10kHz | | -10 kHz
Hold OFF +9 kHz -9 kHz Hold OFF +9 kHz -9 kHz
+8kHz | [ -8kHz +8kHz | [ -8kHz
RAMP ON +7kHz | [ -7kHz RAMP ON +TkHz | [ -Tkhz
HOLD ON +6kHz | | -6kHz HOLD ON +6kHz | [ 6kHz
+5KkHz | | -SkHz +5kHz | [ -5kHz
DF OFF +4kHz | | -4kHz DF OFF +akHzZ

+3 kHz 3 kHz [+3 _3kHz

s Hz | [ -2kHz |

Hz | | -1kHz %1 [1kHz |

0 kHz 0
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ATF2 EXT Response Matrices (DFS)

Response Matrices in the ATF2 EXT:

RO (nominal energy) R1 (lower energy)

Vertical orbil response mlrx

‘Comecior Hamsar
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DFS Correction in ATF2 EXT

Impact of Horizontal Dispersion Caorrection Impact of ¥Yetical Dispersion Correction
1000 " T T T T T T T 150 U T T T T T T
—+— Before DF S correction | : : : : : —+— Before DF S correction |f : : : : : :

| —#— After DFS correction —— After DF 8 correction
gggg‘ Target Y O, . _

600 [\ SR R e S S R S .
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Disp,, [um]
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T
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Good Horizontal dispersion correction
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ATF2 EXT Response Matrices (WFS)

Response Matrices in the ATF2 EXT:
RO (0.2E10 e-) R1 (0.4E10 e-)

Horison(al orbd respansa maric Verteal st raspanse matix
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ATF Python
Flight Simulator
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Python Flight Simulator

™ cLic simulations | Flight Simulator

F Flight Siml.llator e ¥r Ajouter aux favoris | 0 :

-0- 43 validations ¥ 1branche &7 0 étiquette

Update

abe9fceb | [
Andrea Latina rédige dans 37 minutes -

¥ master v~ flight-simulator Historique Rechercher un fichier
Nom Derniére validation Derniére mise a jour
< ComputeResponseMatrix.py Update dans 37 minutes
@ DFS_Correction.py Update ily a 9 minutes
' DFS_WFS_Correction.py Update ily a 9 minutes
 InterfaceATF2_Ext.py Update iLy a 9 minutes
# InterfaceATF2_Linac.py Update iLy a 9 minutes
 Response.py Update ily a 9 minutes
@ RestoreState.py Update ily a 3 heures
& State.py Update ily a 19 heures
& SyslD.py Update ilya 2 heures
# SysID_GULpy Update ilya2jours

https://qgitlab.cern.ch/clic-simulations/flight-simulator
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https://gitlab.cern.ch/clic-simulations/flight-simulator

Python Response Matrices (DFS)
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Movable Wakefield Source
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Movable Wakefield Source

Installed a movable wakefield source to generate targeted wakefield kick

® Evaluate the acted wakefield kick at the single wakefield source

B Measure the beam orbit change downstream from the wakefield source
after the wakefield source is moved

Wakefield study chamber
== - Produce the target wakefield source
| * Set on the block with arbitrary inside structure

Easy to compare with simulation results

Position adjustment mover

+ Control the wakefield kick strength by
adjusting the position of the wakefield source

- movable range : Ver. £10 mm (1um step)

BmOHUSE—LSA> (EXT) Hor. £6 mm (10um step)

e : Yuki Abe
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Conclusions & Plans

Matlab Flight Simulator (FS), DFS and WFS gave good results in LINAC and EXT.

New Framework in Python being implemented (to replace Matlab).

To do: Python FS GUI in PyQT6 and interface with simulation (RF-Track).

To do: Apply BBA (DFS & WFS) in the DR.

To do: Use, optimize and apply correction with the Movable Wakefield Source.
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Thank you
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