ATF2 final focus test beamline

Nanometer beam development Advanced Beam Instruments R&D
+ Final focus System R&D Application of Low-emittance beam
* Intra-train ultra-fast beam feedback

' el \
Focal point (IP) o & i

Small beam of 37 nm in vertical (gcal)

Damping Ring (~140m)

Low emittance beam generation
+ 10 pm for ATF2 studies (4pm achieved)
+ Accumulate up to 3 trains
+ Injection-extraction: 3.125 Hz

Photocathode RF Gu

Electron bunch generatfsa
+ 1~20 bunches/train
+ ~1x10"%e-bunch 4
* Repetition: 3.125 Hz
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1.3 GeV S-band Electron LINAC
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ATF3

* Objectives and Collaboration

ILC-IDT WG2: BDS - ILC FFS

e (Goals and Tasks

ATF2 final focus test beamline

hl




W @ ATF2 goals and achievements

Laboratoire de Physique es deux infinis
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Goal 1: Establish the ILC hnal focus Goal 2: 2 nm beam stabilization at ATF2 IP, (much harder
method with same optics and comparable than nm stabilization in collision at ILC).

beamline tolerances ® FB latency 133 nsec achieved (target < 366 nsec)

® ATF2Goal:37 nm = ILC7.7 nm (ILC250) @ pggition jitter at ATF2 IP: 41 nm (2018) (direct stabilization

® Achieved41 nm (2016) limited by IPBPMs resolution 20 nm). Upstream FB shows
capability for 2nm stabilization. Demonstrated ILC IPFB system.
IP Final Focus Matching Extraction Line
I I I lotra-train Fordick Distribution of bunch positions
Drong SA ‘-—“‘”—'—r—‘ v v measured at IPB, with two-BPM FB
!L‘ij et off (green) and on (purple)
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WCu @.szg ILC FFS - ATF3 objective and collaboration:

Laboratoire de Physique es deux infinis
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Based on the achievements of the ATF2 no showstopper for ILC has been found, ATF3 plan is to
pursue the necessary R&D to maximize the luminosity potential of ILC. In particular the
assessment of the ILC FFS system design from the point of view of the beam dynamics aspects and
the technological/hardware choices and the long-term stability operation issues.

g /

Tentative Plan of ATF (should be updated by international discussions) 2020/10/30

JFY 2020 I 2021 2022 2023 2024 2025 2026~
IDT Pre-lab ILC Lab
F / €E— LR | | ! l | |
ATF2 ATF3 \
long-term stability studies di ILC
B Final Focus Studies Upgrade \< studies Studies
® Wakefield ot > ® Final Focus System
® Higher order aberration IR ke ® Fast Kicker /
| | — |
| I I I 1
: . | SuperKEKB: fast kicker, OTR >
ATFO S &HFA ekl icrasc R&D other than LC
on R&D at ATF | Short period undulator >
| | | | | |
Operation weeks 5 15 15 20 20 20 20
Electric power  MWh 3275 | 5525 | 5525 | 6650 | 6650 | 6650 | 6650
Estimated | _ _ ‘ _ ‘ _ | _ | _ ‘ _
Budget
h Translated in English for your reference. Detailed budget profile was omitted here but presented to DG. N.Terunuma
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ILC Pre-Lab ﬁ
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ML&SRF

Sources

Electron source

DR Dump

WP-1
Cavity production

WP-2
Cryomodule transfer

e = = = = — o

WP-3 1
- Crab cavity

WP-4
Electron source

Positron sources
- U_n-du—lt;toTscl-w:m-e_ -
WP-5
Undulator

WP-6
Rotating target

WP-7

PR
Rotating target
wWP-9 ‘

Magnetic focusing

WP-10
Capture cavity

wWP-11 1

WP-17

WP-12
Main dump

System design

WP-16 | WP-18 |
Final doublet | Photon dump 1

e
/

WP-13
Collective effect

Target replacement 1

WP-1
Injection/extraction ,

e- Main Linac

e+ Source

ILC-IDT WG2 Technical proposal: DR and BDS

IDT-WG2 organization

Bi-weekly Tuesday meeting
IDT WG2
Shin Michizono (Chair)
Benno List (Deputy)

SRF

Yasuchika Yamai

Nuria Catalan Karsten Buesser

Enrico Cenni Philip Burrows U. Oxfol

Dimitri Delikaris Angeles Faus-Golfe LAL

Rongli Geng JLAB Jenny List DESY

Hitoshi Hayano Thomas Markiewicz SLAC

Bob Laxdal Trium Brett Parker| BNL

Matthias Liepe Cornell Ivan Podadera CIEMAT

Peter Mcintosh STFC David L. Rubin Cornell

Laura Monaco INFN Milano | Nikolay Solyak FNAL

Olivier Napoly CEA Nobuhiro Terunuma KEK

Sam Posen FNAL len White SLAC

Robert Rimmer JLAB | KEK

Marc C. Ross SLAC INFN LNF
IyLuis Garcia Tabares  CIEMAT |

Hans Weise DESY

Akira Yamamoto ~ KEK

Charges of Sub-groups

B Discuss and coordinate the topics for

- technical preparation (remaining topics) at Pre-lab
- preparation for mass production at Pre-lab

- possible schedule at Pre-lab

- international sharing candidates of these activities
- final technical design and documentation

Bi-weekly Monday

Dump Sources Civil engineering
obuhiro Kaoru Yokoya  KEK Nobuhiro Terunuma  KEK
runuma KEK i Clarke STFC John Andrew Osborne CERN
foshiyuki Okugi KEK ~Steffen Doebert CERN Tomoyuki Sanuki
Chris Densham(STFC) Joe Grames JLAB
Marco Calviani {CERN) Hitoshi Hayano  KEK
YuMorikawa (KEK) Masao Kuriki U. Hiroshima
Fernadno Sordo (ESS Bilbao)
| Peter Sievers (CERN) Benno List DESY
Gudrid Moortgat-
pick U. Hamburg

Peter Sievers (CERN)
Sabine Riemann (DESY)

e
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ILC FFS Technical Preparation Plan: Tasks

ILC-FFS Tasks : Maximize Luminosity potential of ILC

T1: ILC-FFS system design

T1.1: Hardware optimization

T1.2: Realistic beam line driven / IP design

T2: ILC-FFS beam tests

T2.1: Long-Term stability

T2.2: High-order aberrations

T2.3: R&D complementary studies

Long Term stability

High-order aberrations Instrumentation R&D

120| @ 0.10y&0.10y === w=3.4+0.3nm/10%e"
110 . 0.30,&0.30y w=45%0.5 nm/lOZ e ’,/I T
0.50,& 0.50, === W = 6.0 = 1.0 nm/10° e~ - £
100 ® 1.02& 1.055 -=- w=103%28 nm/loge‘ ’/{ ‘5150 June 2019
— /}‘ @ IPBSM switch from 30° mode to 174° mode
£ % /1'/ %100 Interruption (~24 hours)
V> 80 l” f
'™ 50 K X o) 3
60 I 5w i Incoherent
-==="§" P il - S IR N N O > NN CE AL ARNZ I I? IO X ANSRI X AT - YUNE ‘Mossuomant [
50 i._--,----jl""';E Pl <“‘u:8<L“E“‘E>—>-(“‘g§>-(w&$“‘u:x$‘“§>- I N A N NN - 2 o .
GEsmsgsssmem e 3 o3 Ap ToutsBom Diffr. ion
0.1 (')"; 0.3 04 05 06 07 08 09 1.0 = 2‘:\ /'-' Cherae(:'lltkzv
Beam intensity (x101° e™) . A 3\* ’5./ 3
Ultra-low B* studies " e H Radiation
Intensity dependence studies Energy bandwidth acicea Monitor

Waveguide BPM
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LE?;"E;;??S!!‘Z‘»%L?!E ®'NZP3 T1.1 ILC FFS system design: Hardware optimization
Why this is needed?

> Vacuum Chambers

o Most of the present EXT-FF vacuum ATF2 Beamline Vacuum Layout .ceos:remms
chambers are reused /duplicated 1 [Red circles: vacuum port | & 5
o The standard ID beam pipe is 24 mm, but 5 B - e 8 . “ ' 3 g bt 7 a
due to additional features, the special EEEY T e " - ‘;' R S B s
sections use different cross sections. B ,Dso,fm'fo,,,',gf 47; 3 > —p >
. . B slie at Final L ] Iﬂl)a::er:m for most of pipes, bellows and ZI;.?‘; :::1 :l: ::::t an
o Wakefields on the EXT line was not taken Doukler R il s area
seriously as the beam passed once, T gelE o a3 e —
while that on the DR was considered 17 W &
because of the multi-turn of 2 Hz
P Final Focus B-matching EXT section
» Magnets r L

Multi-OTR FONT
Dump

o Final Doublet recup from SLAC

o Skew sextupoles poor
assembling B Quadugfe M Sextupole Il Skel-quadrupole | Octupole © & B Damping ring

Septums not optimized

EXT kicker

efield setup

®)
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Laser Hllt launched to transport line S|

Why this is needed? e
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> IP-BSM Laser current problems: =
o Stability (Energy, Modes = fringe pattern) = = J&}iﬁi‘;\
o Laser beam parameters reproducibility and : q |/

resolution

Introduced in 2020

i i Vertical Tabl
o Nd:YAG Laser aging (tuning, dust, etc) ertical Table
o Laser Transport Line (LTL) and lase it J
tuning and optimization _ |
3 CCD . g1
- . ..\'\,\N'anspon Line J \ ine
s screen H

Elertron Beam

Elertron Beam Bending Magnet -

~Yartical Table

Final Doublet ____L;"—— T Vertical Table

Beam Dump

Concrete Shield

Bending Magnet

s Compton Signal

10 B ool p—

e Bremasirahlung

s Neutron
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Vacuum Chambers (ID beam 24 mm):
Bellows shielding
Clamp Flanges (ATF-DR type)
Cavity BPM tapering (ID 20 mm)
Stripline BPMs
Dipole chamber (box type replaced by simple pipe)
Septum chambers (A, B, C)
FONT stripline kicker
Pumping port chamber (ID 24 mm)

OOOOOOOOV

» CBPMs:
o Re-installation of all CBPMs (current #24, all #32)

o Add separate fast small movers for centering and position calibration, including
mechanical study, specs (~10kg load and um resolution, prioritize high-p regions)

o Electronics: analogue electronics reliable but spares needed

LCWS2021

» New Magnets

©)
©)
©)
©)

o Digitizers: 20-year old model, higher resolution ADCs would increase the dynamic f‘_‘im;

FD: QDO, QF1, SDO, SD1
Skew sextupoles including movers

Septum C (standard dipole)
ZVOX (between septum B and C)
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¥)Cus ®|sz3 T1.1 ILC FFS System design: Hardware optimization

es deux infinis

> |IP-BSM Laser: > |IP-BPMs e
o Nd:YAG laser replacement choice, new laser o Re-design towards
parameters sub-10 nm, wide
o Start LTL, FF-IP simulation study dynamic range and
o Start laser stability study (energy, pointing, linearity (new
mode, and fringe pattern) electronics/digitizers)

o e-beam arrival and timing jitter

Piezo Movers
(P1)

Layout of the three Cavity BPMs at ATF2-1P

» FD vibration girder

o Girder for all the final elements
coupled with a global positioning
system

> FONT IP feedback
o Font kicker to improve wakefields

Compact IP kicker

| mOTR overview

Target insertion (pneumatic actuator)

> Multi-OTR system  =iiamme ‘ V A
o Focusing motor, Filter RNy,

actuator, CDD cameras
o XPS with oriented motor

Focusing motor

Chamber Y

NewPort XPS

Chamber X

s, follower girder and local coordinate system (right).
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T1.2 ILC FFS system design: Realistic beam line driven /

@mm
Les deux infinis

IP design
120{ ¥ 010,6010y === w=34+03 nmllO:e_
. - | I 110]| § dEiei — TEES ~1
» Driven realistic beam dynamics specifications 100/ F 10076100, mr w=103%28 nm10° e I I
o Realistic simulations should drive the design choices E 90 [
c -
and the goals o 50 L ey
Jitter assessment/measurement 70 L I_,.a—"‘f__,{
Magnet errors :g e I
Wakefields sources (hardware change) $z=PEcs e
i i i i i 0.1 02 03 04 05 06 0.7 08 09 1.0
o Establish the scaling for ILC in terms of intensity Beam intensity (1010 ")
> Vibration mitigation fornew FD X' ... (0y7) 2= (0y0") 2+ W? ¢
-3 | 5] = - w: intensity dependence parameter
> Instrumeptatl_on assessmgnt B 625[ 5 /o wakefield knobs 3
o CBPMs calibration and resolution N 60.00 §  w/ wakefield knobs ¥
, _ 575
o Multi-OTR, screens,... Esso P
ATF2 wakefield knobs f52.5 3 :
> IP Instrumentation assessment 2oL 0 50.0 I
475 T
o IP-BSM g E
i e T S 2 S S

|IP-BPMs

LCWS2021
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Long—term Stablllty IS not Slmply Reproducibility Repeatibility
the length of continuous operation, %
but a combination of: |

» Beam performance stability (size and
position)

» Repeatability and Reproducibility of
performances (in separate periods
including recovery of the optics)

iIn about one week period.

‘ Optics
- Recovery
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» Nominal (108,* x B,*) optics operation
routine assessment

o Automated steering procedures and basic tuning
algorithms (like envisaged for ILC)

o 2" order correction knobs assessment
(sextupoles and skew, octupoles)

o Energy bandwidth measurements

> Wakefield evaluation and mitigation
o Upstream beam line (relatively low- f3,)

> Jitter sources assessment
o Measurements (entrance/IP)

T2.1 ILC FFS beam tests: Long-Term stability

» CBPMs calibration process upgrade
o Duration of calibration optimization
o Lifetime - degradation of calibration over time

o New time and phase invariant digital

processing software to be developed, algorithm could
first be tested on simulated data.

O

» Vibrations long-term monitoring system

» FONT FB system performance optimization
o Long-term beam trajectory control
o Routine use of y-y’ FB to reduce jitter

Movable set-up mitigation techniques

Architecture of the acquisition

ATEF2 vibrations long-term monitoring

%
3

8

o 8

(a) —e— FB off

0 2 3 4 5
Q [10° €]

800

700

0
-1000 -500 0

(b)

500
|P vertical angle [urad]

- —FBoff |

1000

Eosor o m=re

& R i e ™ Two bunch
& el 500 :

£ 150 | T ol ol operation
o ifif i & &

LT e W B 300

gro——4 }

£ ¢
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Cx @, T2.2ILC FFS beam tests: High-order aberrations
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T T T T T T T | ! L J
—— 0y, ultralow (253;)
————. [y, ultralow (253;)

—-—- By, nominal
weeeee By, nOMINAl

> Design (B,* x B,*) optics 200

o Automated steering procedures and basic tuning
algorithms (like envisaged for ILC)

o 21 order correction knobs assessment (sextupoles

ﬂ1 /2 [m1 /2]
)
o

0
and skew, octupoles) F o —
: 05 Mx
o Energy bandwidth measurements T ——== 1y |7
E oof
* . il = E
» Ultra-low By _ Octupotes instanedinﬁm, -0.5F | | |
o Octupoles need and alignement and Siapppdia 2078 o 20 a0 " e0"
o Longer L* (move FD to the right /IP towards the s [m]
dump) I
I B %150: Beam tuning for the ultralow[iy*optics"une2019 _
& Yoo 0 L S o IPBSM switch from 30° mode to 174° mode ]
el o 25 0%0=44.6 nm §100 j Interruption (~24 hours) ]
10% increase of E 220 I ]
* =12 2 ®
Cyy for mono- = S g
energetic beam 15 2 50
" e e e e
. 1 PR NS T S BN TR ST SR ST ST S N ST 1 PRI T ERT I S U S S S S SN N | o’

PN BT A BT 11
04 06 ~03 02 -01 00
AE/E

| I B M
~ - -06 04 02 00 02 0.1
AE/E [%] [%]

H/V Momentum bandwidth measurement

LCWS2021 15-18 March 2021
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» ILC DR injection/extraction kickers long

term stability CLIC DR induction
o Fast kicker kicker
o E-driven kicker

> New CBPMs ideas:

o ILC type cavities with Integrated electronics from
Instrumentation Technologies

o  Off-the-shelf (FMB-Oxford-Instrument
Technologies) triplet of CBPMs

o Low-wakefield wavegide BPMs,

aperture/resolution issues to be estimated
(sensitivity degrades as 1/a)

. Complete off-the-shelf CBPM
Waveguide BPMs system (FMB-Oxford -
- Instrumentation Technologies)
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studies
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Vertical collimator at ATF2

A\

Collimation issues for ILC
Wakefiled impact
Design options

o O

New wakefields setups
Passive corrugated structures

S 4

ChDR target ATF2 e- beam

two 300 mm
achromatic doublets

A\

OTR: ODR and ChDR beam size ChoRat ATF2 A A
monitors . )&

o OTR at shorter UV wavelength (sub- il & N g ine
micron resolution)

.....

....

ML technique applied to speed up
operational issues

“ % 4 2 5x, 10x, 20x
APy

A §F A microscope

4 w intensified

camera

Electron
Beam

LCWS2021
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»ATF3 plan is to pursue the necessary R&D to maximize the luminosity potential of ILC. In particular
the assessment of the ILC FFS system design from the point of view of the beam dynamics aspects
and the technological/hardware choices and the long-term stability operation issues

»A detailed R&D Plan in the framework of the ILC-IDT Technical Preparation Plan has been made
for the DRs and BDS during the ILC pre-lab.

Timeline During

ILC-FFS Tasks: Maximize Luminosity potential of ILC construction
YT Y2 Y3 Y4 beniod
T1: ILC-FFS system design T1.1: Hardware optimization NO
T1.2: Realistic beam line driven / IP design NO
T2.1: Long-Term stability YES
T2: ILC-FFS beam tests T2.2: High-order aberrations YES
T2.3: R&D complementary studies YES

> This ILC pre-lab period will be of paramount importance for the training of young acceleration physicist
generation that will play a key role in the early stages of ILC commissioning and operation.
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Imperfections / issues Detrimental effect Potential cures Potential cures
(by design or hardware improvement) (during operation)

Laboratoire de Physique
des 2 Infinis

Dipole / quadrupole * Introduces unwanted * Careful pre-alignment * BBA techniques
misalignment dispersion (emittance growth) + Add a dipole corrector, or * If movers are available,
* Deflects the beam * Put quads on movers align the quads
* Introduces coupling * Add skew quads to correct coupling
) Bpm misalignment * Causes wakefields effects * Reduce wakefields * DFS, WFS
o - * Falses beam-based alignment ¢ Careful pre-alignment * If movers are available,
A algorithms * Put bpms on movers align the bpms
Poor bpm resolution * Fools beam-based alignment * Better resolution » Statistical averaging (but
algorithms suffers from jitter)
Sextupole misalignment * Introduces coupling, beta- * Careful sextupole pre-alignment * If movers are available,
beating Put sextupole on movers align the sextupoles
] Presence of sextupoles Introduces nonlineartities Revisit the optics to reduce strength Tuning knobs
(and octupoles) reduce the momentum Add skew quadrupoles to correct Beam-based coupling
c - - :
oo acceptance, etc. coupling correction techniques
wv
8 Lack of diagnostics Forces blind operation Careful design of diagnostic sections Use the diagnostics
Long bunches Amplifies wakefield effects Bunch compressor [likely not possible]
E [ Beam jitter * All of the above * Reduce jitter at the source * Feedback systems
g ] Ground motion / vibrations * All of the above * Stabilization * Stabilization
o L
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s W LONQ term stability goals “quantification” / Criteria for success

In this context, “long-term stability test” means, keeping the beam stable, with
repeatability, reproducibility over separate periods, including recovery of the
optics, during 1 week. To achieve this objective a period of at least 2-3 years will be
necessary.

» Long-term stability of beam size and position in ATF2 have not yet been evaluated
systematically.

» A monitoring is needed to evaluate and quantify properly the long-term stability,
including the beam intensity dependence and higher-order aberrations effects
between others.

A “comprehensive test” of the long term stability is needed to realize ILC, including
quantitative evaluation of beam intensity dependence, correction of higher-order
aberration effects, and development and implementation of stable monitor systems.

Furthermore this period will be of paramount importance for the training of young
acceleration physicist generation that will play a key role in the early stages of ILC
commissioning and operation.
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» R&D beyond colliders:

Mini-workshop to discuss potential projects was organized on 28 Aug. 2020 for Japanese

community
Project title Person in charge Funding Required ATF modifications Location . E Relatvely simple
Development of SuperKEKB Fast Kicker . M. Tawada (KEK) KEKB  Fall2021~ minor EXT-mid 2 B
Development of SuperKEKB OTR Monitor. T. Mori (KEK) KEKB Fall 2021~ minor EXT-end
New betatron feedback scheme, AC multipole T. Nakamura ? 2021~ minor DR
magnets, and ultra-fast quadrupole kicker tests. (KEK/JPARC)
Accelerator Control System test. Y. Kaji (KEK) KEKB 2021~ minor Timing system
Detector radiation resistance tests. Y. Sugimoto (KEK) KEKB 2021~ 80MeV linac optics Linac-end
Gamma-ray source for user application . ATF group (KEK) - - minor DR north
Performance evaluation of ultra-short period S. Yamamoto (KEK) KEK-PF 2021~ minor DR north
undulator.
Polarized gamma-ray beam generation N. Muramatsu ? 2023 ~ minor EXT/FF
assuming ILC. (Tohoku Uni.)
Electron beam focusing by active plasma lens. M. Kando (Osaka U.) ? 2021~ New laser, LTL, vacuum bump chamber EXT-end
Test of the Lorentz invariance. T. Shima (Osaka Uni.) 1sps T - BSM modification FF
Demonstration of seed FEL (CHG). Y. Honda (KEK) i15ps T - EXT beamline modification EXT-mid
- Strong-field QED experiments. Under discussion isps TT1 ATF2 FF region upgrade and extension FF

LCWS2021
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