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ATF2 Final Focus Test Beamline ATF2 final focus test beamline

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

.\- ,_’n,.—-’"w"“” -\
Focal point (IP) PO RS -

Small beam of 37 nm in vertical (geal)

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 Gunj
Electron bunch generati
+ 1~20 bunches/train

+ ~1x10'° e-/bunch
* Repetition: 3.125 Hz

s R -
1.3 GeV S-band Electron LINAC

rom ATF2 to ATF3 and beyond
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ATF2 current status

e (Goals and Recent Achievements
* Operational Issues

ATF3
* Objectives and Collaboration

ILC-IDT WG2: Technical Preparation Plan for DR and BDS
* Goals and Tasks

ATF2 final focus test beamline
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WCw @.r  ATF2 the ILC FFS testbench
ATF/ATF2: Accelerator Test Facility coutes:n ferunuma

Develop nano-beam G < " e
technology for ILC/CLIC o
* (@Goal: Realize small beam-size and

At b rnbas
i 3 N -
S b < oy g T
N QO 99 il

e ’.n/(."-&‘?‘-d- - ‘—"—’ -"q’

- — T

theStabilize beam position

e TIUWON M

—n—-—

\; ‘._.-..,_..... —
\
B tew oo gt~ Man beam comples
WEA=0 ) el & i
: | {5 v E) BE @
FF: Nano beam-snze
— T
Damping Ring (140m)
ILC-250 7.7 nm Low emittance e- beam
CLIC-380 190 29 nm
ATF2 13 41 nm
(achieved)

(-——8 nm eq. at ILC)
1.3 GeV S-band e- LINAC (~70m)

A. Yamamoto, 190513bb
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The context

ILC

L
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FFS optics
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?)J.(:Lcab @mzm The context:

FFS is among the most challenging sections of a LCs

» Very-large B and the presence of nonlinear elements make it extremely sensitive to
imperfections as:

- Wakefields introduce energy spread, bunch head-to-tail distortions, and amplify transverse deflections...
- Magnets misalignment introduce dispersion, beta-beating, orbit deflections, transverse coupling, ...
- Beam jitter unavoidably cause betatron oscillations that propagate all the way to the IP, etc.

> Similar Chromaticities (L*/B*,,): 25 / 10000 (ATF2) , 315 / 10000 (ILC), 750 / 60000 (CLIC) and
similar tolerances for FD multipole field errors (ATF2 and ILC)  PraB 17, 023501 (2014)

> In ILC and CLIC, the much shorter bunch length and the much larger beam energy make
the situation “simpler”

» ATF2 tackles its critical task with two major disadvantages w.r.t. its "bigger brothers™:

- Bunch length is much longer: 7000 vs 300 (ILC) / 70 (CLIC) yum, 23 / 100 times larger
- Beam energy is significantly lower: 1.3 vs 125 (ILC) / 190 (CLIC) GeV, 100 / 150 times smaller

ement of the nanobeam sizes involves a complex device: Shintake monitor (IPB
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apppenres TS ATF2: - ns of a linear collider

The perfect storm in a .
B xtremely sensitive to

» Very-large [ an
imperfections as

- Wakefields
- Magnets mi
- Beam jitter

]

Y transverse deflections...
ansverse coupling, ...
o the IP, etc.

750 / 60000 (CLIC) and
B 17, 023501 (2014)

> Similar Chromat
similar tolerances

> In ILC and CLIC 5=
the situation “si

yer beam energy make

> ATF2 tackles its ¢ £ . 3 T % “bigger brothers”:
- Bunch len e i e . =100 times larger

- Beam ener =8, 100 / 150 times smaller

b ,.‘ionitor (IPBSM)

> Measurement of the



pOASE: @.Nm ATF2 goals and achievements

Laboratoire de Physique es deux infinis
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Goal 1: Establish the ILC final 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 tole.zrances_) ® FB latency 133 nsec achieved (target < 366 nsec)
® ATF2Goal:37 nm =2 ILC7.7 nm (ILC250) @ pggition jitter at ATF2 IP: 41 nm (2018) (direct stabilization

® Achieved 41 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 et i o Distribution of bunch positions
Drong SA ‘-—“‘”'—n v v measured at IPB, with two-BPM FB
I'"]"‘| ¢ : y WW Off (green) and on (purple)
(A5, L;T_j
g R N e Nano-meter Bunch-1 = Bunch-2
1 Nanometer beam sizes ' BB .
: B Cormtee g stabilization at IP
at IP -
tooyf § e | ] Small beam sizes were = g ° E°
E Lo | obtained with beam 1 ‘ 4
8 :{P; . I& 1 intensities of 0.5-1.510°e"
- $ 1 = 5 o 1.5 -1 e -1 0 1
g 60_— s :E % } f— IbunCh (1010 deS|gn Va|U9) § --Bunch position (um) -Bunch position (um)
5 | fii st = 1 and reduced aberration ) )
40+ L} . : * *
[ ] optlcs (10Bx x B ) 102;8 128‘85 12‘89 128‘95 1;9 . : 4l
TR TR LR L A R Y ® Longiudinal distance rom IPB {mm] Predicted vertical position

Year | s ~ jitter with FB on-off
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e A Intensity dependence studies (wakefields)
Beam size History
But small beam sizes were obtained with beam

intensities of 0.5-1.5 10° e/bunch (101° design value)

® Nominal By

L LI L SN L. L LA L B B B B B B B B B e 058,
100} 10x 1 optics -
I E half-be(ig' optics 1 = " i Sl
T | ultra-low beta* optics b 11— |
o 80F ' O | g |
A - v -
s | ! [} ] | i
§ 60 [ . 1 f‘ A | | | '
> i it ' | | l I 577 R 7, e S, V4"
1 l |- ‘ Ll 1 I 1 1 l - l - l - I L1 1 L L . 4 " 'l ’
2013 2014 20132016 2017 2018 2019 2020 , * ’ .' ] h/
Year , ; , 4
. 2010 2011 2012 2013 2014 ' -
smallest beam size ~41 nm (2016) Date 2016 2017 2018 2019

Beam size shows a degradation with the increase of the intensity
— compatible with wakefields

LCWS2021
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. s Reduced optics aberration conditions

Design optics (Bx* x B,*) not tested !!!
ATF2 Beam parameters

ATF2 nominal

L* [m]

pr [(mm)] _

f; [mm] 0. Relaxefl opt:cs
E ~L* /B 10000 (10B,* x By)
¢, [pm.rad] 12 is the standard
o %] 0.8

af [nm] 37 one

y.design

&} messurea (1) /423 £2.7%41.1 £0.7°

b: Optics with (108" x %) c: Optics with (258,* x half/ultralow B,*)

ilts achieved with beam stabilization in two-bunch mode

LCWS2021 ' - 18 March 2021



AT @.Nm Recent Achievements: Intensity dependence studies

Laboratoire de Physique es deux infinis
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Since November 2016 a considerable effort in modelling, simulating, measuring wakefields and
dedicated hardware changes, has been carried out in order to understand and mitigate the
wakefields in ATF2 nttps:/lib-extopc.kek.jp/preprints/PDF/2020/2024/2024004.pdf (P.36) K. Kubo ATF session LCWS2021

100 ! , Intensity dependence parameter:
¢ Measurement
90t === W=1376nm/10% " | 0 0= o} PLACET Simulation vs. Measurements
¢ Simulation w[nm/10°]= ’
~ 80} === W =13.78 nm/10% ~ ‘ Case | w [nm/10° ¢7] Beam intensity [¢-] Average o) [nm|
g ‘ ‘ ' | | | 0.1x1010 57+ 17
= § i i i N 2o | 0.2x1010 63 + 1.7
% & F Qe e, £ ----- ST T S Measurement 1376 0.3x101° 68 + 2.1
S | ’ % P L 0.4x1010 72420
| I A IS L il B SCL it A N 0.1x10% 52 4 1.2
0= - I -i"—_—;_—— ' Simulation 13.78 0.2:10 26+16
_____ L attlel § | § ' 0.3x1010 61 +2.1
501 i § ' S 0.4x100 67 2.8
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Beam intensity (x 101%-) https://ora.ox.ac.uk/objects/uuid:c514ab72-

7b99-4182-8¢49-
89ffd4fl14eld/download file?safe filename=T
hesis Korysko.pdi&type of work=The
PRAB 23, 121004 (2020) :

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.

LCWS2021
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Goal: Use two well-known wakefield sources on movers
to compensate intensity-dependent effects.

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

Recent Achievements: Intensity dependence studies

2 C-BPMs

Laboratoire de Physique
des 2 Infinis

Mitigation techniques: Wakefields knobs

e beam
-_—>--

WES
Wakefield set up %

movers

$ Measurement w/o wakefield knobs -

625" E=———1—1 PLACET simulations 300[- & Measurement w/o wakefield knobs - Experimental results
' ¢ w/o wakefield knobs - 75| =77 W=27.13% 140 nm/10% .
60.01 I TG Ceral Erohe - ; /, $ Measurement w/ wakefie;d Enobs N /’/
575 o = 2501 === w=1451+1.26 nm/10% [ 1
£ 55.0 o’ £ 225 v
‘; S2. 5T T :I;:"‘ """""""""" 200 """" j«"’# """""""""" }:"_‘:;‘;'::" """
50.0 ‘I—" ) s e A — '_';iv“" """""" ;:;;i'—‘""t """"""""""""""
47.5 i f__—‘:i" ' 150 ___=¥.E.:.T.:.:.’. I A ¢4 )
e == == T S e R e e A . - T A .
42.5 ' 0.0 0.2 0.4 0.6 0.8 1.0

01 0.2 0.3 0.4 0.5 06 07 08 09 10

. . 10 =
Beam intensity (x10%%-) Beam intensity (x10*"e™)

Figure : Measured vertical IP beam size (o) vs. the beam intensity before and

Figure: Simulations of the impact of the ATF2 wakefield knobs on the vertical ofter applylng wakahdld knoks.

I[P beam size (o).

The wakefield knobs reduced the intensity 4
tc

Case 0_; [nm]

No source on movers

Using the bellow on mover

Using the 2 C-BPMS on mover
Using both the bellow and the 2 C-BPMs on movers

61.2 + 1.4
48.4 £ 1.0
45.5 £ 0.9
45.2 £ 0.9

15 - 18 March 2021

dependence parameter from 27. 13 nml1 09
14.51 nm/10° o
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Intensity-dependent effects at ILC 250 GeV

Recent Achievements: Intensity dependence studies
Scaling the results for ILC and CLIC

Intensity-dependent effects at CLIC 380 GeV

BDS imperfections:

- Misalignments : 50 um RMS; 200 prad RMS; strength: 0.1% RMS

- Wakefields from the 104 C-band cavity BPMs

- Resistive-wall wakes from beam pipe

Simulation:

- 100 random machines

- Full tuning procedure (same as in the CLIC case)
- Studied beam size dependence on bunch charge

- Studies impact of long-range resistive-wall in case of multi-bunch

Tuning procedure:
« Global orbit correction (1:1)

. Dispersion-Free Steering (DFS)
. Wakefield-Free Steering (WFS)

« Knobs ‘Y, YP D XP XP.*XP XP.*YP XP.*D)

First order  Second order

BDS imperfections:

- Misalignments : 50 pm RMS; 200 prad RMS; strength: 0.1% RMS

- Wakefields from the 134 X-band cavity BPMs

- Resistive-wall wakes from beam pipe

Simulation:

- 100 random machines

- Full tuning procedure (same as in the CLIC case)
- Studied beam size dependence on bunch charge

- Studies impact of long-range resistive-wall in case of multi-bunch

Tuning procedure:
« Global orbit correction (1:1)

. Dispersion-Free Steering (DFS)
. Wakefield-Free Steering (WFS)

« Knobs ‘Y, YP D XP XP*XP XP.*YP XP.*D)

First order  Second order

Single-bunch effects: Multi-bunch effects:
--> negligible dependence S --> intra-train correction required
10.2 o W™ %) .
§ Simulation wlnm/10%e] = 30 e Incoming offset: 0.01a, .
100F w = 0,04 nnv10%e- 25 @ Incoming offset: 0.050, °
9.8 " . p ! ! ! ! { z20 e Incoming offset: 0.10, = .
- i . €
g 9.6 I I l ';1.5. . = . 3 " L]
¢ <10 °« e .
05 o9

FARRRRRRRRR

9.0r

8802 04 06 08 10 12 14 16 18 20
Beam intensity (x10'%e")

Figure  : Vertical [P beam size o vs. beam intensity in the 250 GeV BDS, caleu-
lated with PLACET with wakeficlds,

e
: .
0.0, "00."‘30000000000

025 050 075 100 125 150 175 2.00
Beam intensity (x10'%e )
Figure Vertical orbit deflection at the 1P between the first and last bunch of
a train Ay* vs, beam intensity for three incoming constant position offsets 2f the
train of bunches in the 500 GeV ILC BDS: 0014y, 0.0%, and 0.1z, calenlated with
PLACET with resistive wall effects included

Single-bunch effects:

--> small dependence

55 & Simulation

---- w = 0.39 nm/10% -

35505710 16 21 26 31 36 42 47 52

Beam intensity (x10%")

Fignre  : Vertical 1P beam size a5 vs, beam intensity in the 380 GeV BDS, calen-
lated with PLACET with wakefields,

Multi-bunch effects:
--> intra-train correction required

3.0
g 5‘ o Incoming offset: 0.01a, .
| @ Incoming offset; 0.050, .
~ 20 o Incoming offset: 0.1¢, . o
£15) oY
" R
. M v
| ) P ] .
0.3) ey
O‘Olio'::-ooOO'""’"
1 2 3 4 5
Beam intensity (x10% ~)

5 e "*
<1.0|

Flgure Vertseal orbit deflectson at the TP between the first and last bunch of
o train Ay* vs. beam intensity for three meoming constant pesition offsts of the
train of bunches in the 380 GeV CLIC BDS: 0.010,, 0.05¢, sl 0.1a,, cakulated
with PLACET with resistive walls,

LCWS2021

P. Korysko ATF session LCWS2021
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® \acuum Port

® bellows

Following the calculations of wakefields sources in ATF2, we are REshield bellows Geometry
completing the wakefield calculations for Septum chamber
(Rectangular chamber), Bellows (Forming / straight, RF shield / no shield)
and Vacuum Port (Shield / no shield) PRAB 19, 091002 (2016)
NIM A 917 (2019) 31-42

First results:
*  Septum chamber stronger than Cavity BPM (x4)

® Septum Chamber _CrossArea

* Bellows with RF shield weaker than Cavity BPM (1/100) Geomelry .
* Vacuum Port with shield weaker than Cavity BPM (1/10) e
+ Extraction wakefield sources: weak effects . ’ R

* Final Focus wakefield sources: strong effects

FF:Transverse Wako Potentlal EXT:Transverse Wake Potential
e T o P .  mmm T
E _— masked Bellows 0 4' —— OTR with Plug B
0.4— . —— C-band cavity BPM [ g —ICFt70 vacum Flange | ]
. B ~ - —— ICF70 Flange| —— septum |
GdfiL calculations : B febipererl ool B i — Vacuum Port(T) Ver. | ]
02‘ 1 0.2 Bell —— Vacuum Port(T) Hor | _|
— 2 — 3 L ellows = \acuum Porl(X) Ver A
for y 1 mm 8 i b G * o -~ Vacuum Port(X) Hor
[ 1 S .
e /‘//_—\- -~
2 o p ; :
4+l Cavity BPM & 0]_Cavity BPM
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60

40

201

ILC IP FB system prototyped + tested:
meets ILC performance specificatio
Upstream dual-phase FB provides capability for

3
ns g
g-zo»

0_

-40}

&NT4 performa

nce

G 154NS m— = 154NS m—d

-60

1 nm-level beam stabilisation at ATF2 IP

ATF2 ‘IP FB’ has stabilised beam directly locall
to c. 40 nm; 25 nm is possible in principle

Upstream FB reduced observed intensity-
dependence of beam size by factor ~ 1.6

Additional beam time would allow:
optimisation of FB system performance
study of long-term bgam trajectory control

Vertical Beam Size [nm]

PRAB 21, 122802 (2018), JINST 16, P0O1005 (2021)

[¢)]
o
T

1 2 3
Riinch nuimber

Significant reduction in
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* B*,<60 nm (min. as 50.1+0.6 nm)
for ultralow B* optics was obtained
and stabilized over long periods in
June 2019 (single-bunch)

PRAB 23, 071003 (2020)
CERN-ACC-NOTE 0006 (2020)

VB [mm]

Dispersion [mm]

S

8

So

=)

S

st i e 0 A S T e

—— +/By/momin

......... v/ Bx/ultra-low

°ll L L

—
(8)
o

)
o

Vertical beam size [nm]
o
o

Beam tuning for the ultralow B," optics

IPBSM switch from 30° mode to 174° mode
Interruption (~24 hours)

June 2019
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e Wma:  RE@CENT AChievements: Ultra-low 3 studies

3rd-order terms become
dominating when entering
sub-25 nm region could be
correction using octupoles

BBA strategies for the new
installed octupoles have

been evaluated

10

chines

% of the ma

R. Yang ATF session LCWS2021

Simulated octupole correction

T T T T T
=== With OCT2, mean = 29.69 nm
== Without OCT2, mean = 32.39 nm

258,%0.25 B, |

h

" L
50 60 70 80

AY knob peak shift

Octupeles instalied in 204
and swapped ih 2019

)))))

AY knob peak shift

Bandwidth measurements for
the ultralow B* optics are roughly
consistent with simulations based
on operational optics model

H/V Momentum bandwidth measurement

LA B B LI BN LA L LA LA X — 11
161 ¢ Measurement [ 3.0 [} hSAeaslurement H

- ==: Simulation i i === Simulation
14p\ . 2'5; o'y0=44.6 nm E
RS ] N i
EE N 1 220F N\ o
12 N % A = A 7]
" o Y- S~ 7 b \ / g
[ - \\\ “§ﬂ’ -i I ————— i [ r ) I ,’I .
B E i i N 1.5 \\i L 3
10_ I - ~ i i,/’ .
C : SN i i ]
8:, _ 1 0_ = -'i'—’ —-
_(')é' '6' : '62'"0'0' . '0'2' . '0' "‘0'6‘ N TN T T TP T

-06 -04 -0. . . 4 X
-03 -02 -01 0.0 0.1 0.2 0.3
AE/ET%] AE/E [%]

Defined as a 10% increase of oy,” for mono-energetic beam
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» Optical Transition Radiation (OTR) (2013-2017)

Sub micron resolution achieved
PRL 107, 174801 (2011); PRST-AB 18, 082803 (2015); JINST 15 (2020) P01020

» Optical Diffraction Radiation (ODR) (2017-2018)

Sensitivity to 3 um with non-invasive technique achieved
PRAB 12, 032801 (2018); NIMB 402 (2017) 88-91, Phys. Rev. Applied 13, 014041 (2020)

» Incoherent Diffraction Cherenkov Radiation (ChDR) (Since
Nov. 2018) beam size measurement. The motivation for these studies
are:

Suppress Synchrotron Radiation > cleaner signal
DR and SR are emitted at similar angles
Looking for a physical process emitted at larger angle

Larger aperture compare to DR slits ( > 500 pm)
Difficult as DR will provide less photons

Looking for a physical process providing more photons
PRL 121, 054802 (2018); PRAB 23, 042803 (2020)

ChDR target

Present setup at ATF2

Recent Achievements: Instrumentation R&D

ATF2 e- beam

two 300 mm
achromatic doublets

BW filters,
polariser

..........

_____
N
.....

.....

.....

i, 2 5x, 10x, 20x
¥ microscope
w intensified

emera  |ChDR at ATF2

ChDr

Electron
Beam
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ATF is a very unique facility internationally, providing low-emittance beam for R&D and developing
nanometer beam technology. However, since the operating budget is allocated from the common budget
within KEK, it is determined by DG by the results of coordination with other R&D, and this common budget
itself is becoming tighter year by year.

Beam operation

Operation HiStory ® 1996 ~2013: 21 weeks per year

® 2014 ~: reduced about 14 weeks per year

The ATF operating budget comes from ® Rise of electricity prices (twice!l) € 2011 Great East Japan

sharing common R&D resources at KEK. Earthquake

25 CERN'’s budgetary contribution to the ATF operation

KEK ——= . :
CERN mmmm ® in four fiscal years

_g 20 ® two weeks extension each
E 15 T Further budget difficulty on 2019 > 10 weeks
g 10 | [ i ] 4 In this year, 2020, five weeks are approved so far, with additional
E beam weeks possible by the end of March 2021 will be determined,
= % 1 |- - - - - - taking into account the recommendation of this ATF review.

Beam operation is postponed by COVID-19 difficulty especially for
collaborators.

In addition, the measure of electric breakdown accident in July also
postpones the beam after January 2021.

2012 2013 2014 2015 2016 2017 2018 2019
Fiscal Year

15 - 18 March 2021
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Laboratoire de Physique es deux infinis
Infjz

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




o @ ILC-IDT WG2 Technical proposal: DR and BDS

des 2 Infinis
IDT-WG2 organization ie
ILC Pre-Lab ﬂ Bi-weekly Tuesday meeting Char ges of Sub-gr oups _ [
e—— IDT WG2 B Discuss and coordinate the topics for
| | . . .- . .
r‘ i B X - technical preparation (remaining topics) at Pre-lab
Sources o Shin Michizono (Chair) 3 p fp ( s 89! )l b
ML&SRF Electron source DR BDS 1 Dump Benno List (Deputy) - preparation for mass production at Pre-la
- possible schedule at Pre-lab
WP-1 | wWp-4 WP-12 WP-15 ! Wp-17 , p s ; : .
Cavity production Electron source T System design Final focus 1 Main dump Bi-weekly Tuesday Bi-weekly Tuesday - international sharing candidates of these activities
. i SRE - final technical design and documentation
Positron sources 1 e e e e e e ¥
wp-2 I~ = Ondofator scheme || wp-13 ‘ wp-16 I WP-13 ' vasuchika Yama
Cryomodule transfer 1 WP I Collective effect W Final doublet . Photon dump 1 Nuria Catalan Karsten Buesser
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WP 12-14: DRs

Courtesy of T. Okugi

WP12: System design of ILC damping ring

> Present baseline beam optics for ILC DR is
updated to have a smaller g, than ILC TDR (2017)

» System design of the updated DR optics
considering multipole errors of ILC DR magnets

has to be made (synergies with 4th SR sources).
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» Study of possible use of PM in DR arcs
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WP13: Evaluation of collective effects in ILC damping ring

» Evaluations of Fast lon and Electron Cloud instabilities not done updated DR optics

» EC instability study for updated ILC DR to be made, including the need of 2nd
positron DR during the luminosity upgrade.

» MEXT’s ILC Advisory Panel expressed technical concerns about the need high-
resolution fast FB for FIl. Evaluation of the EC instability and FB for the instability for
the newly updated ILC DR is necessary.

PM at bellows and EC at SuperKEKB
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WP-14 : System design of ILC DR injection/extraction kickers

» The remaining task for the ILC kicker system, as reported by MEXT’s ILC Advisory
Panel, is to ensure the stability and reliability over long-term operation.

> Injection system for the e-driven positron source is different from others ILC
injection and extraction kickers, hence development is needed.

Injection beams to DR

Injection kicker for the electron driven PS
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Task 1: ILC System design

Hardware optimization: Vacuum Chambers, Magnets
(FD), CBPMs and IP-BPMs, FD vibration girder, IP-BSM
(laser and stability), FONT-IP feedback, Multi-OTR system.
Realistic beam line driven / IP design: jitter
assessment/measurement, magnet errors, wakefields
sources and scaling for ILC, vibration mitigation for new FD
and Instrumentation assessment including IP.

Task 2: ILC beam tests

>

Long Term Stability: nominal (108, x B,*) optics
operation routine assessment, wakefield evaluation and
mitigation, vibrations long-term monitoring system, jitter
sources assessment, CBPMs calibration process upgrade,
FONT FB system performance stabilization.
High-order aberrations: design (34" x B,*) optics and
ultra-low B,* (including octupoles).
R&D complementary studies: ILC DR
injection/extraction kicker long term stability, new CBPMs,
collimation issues, new wakefields setups, OTR, ODRS
BSM, ML techniques operation,...

WP 15: ILC FFS - ATF3
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W Cub @ WP 16: ILC Final Doublet Design Optimization

i dasis Courtesy of T. Okugi
it Since 2014 we have progressed significantly in vibration
) . . . measurement technology thanks to US/Japan collaboration
Task 1: Complete QDO Prototype Vibration Testing (BNL/KEK) on R&D to measure the vibration stability of

SuperKEKB IR magnets.

R&D is needed to
Current Leads, Helium L ith
Compare aCtl.JaI . ‘ v Viaes‘f’rtg‘z‘r)f; nv:'atss Cold and Warm Geophones
measured vibration 3 o N\ \
Ievel Wrt the ILC 50 | v 9 Transfer Line to é@r B [j
. g 4 QDO Cryostat % él
nm requirement. : / i / N o i
- X/Y Pickup Coil 71
) Double Sided
He-ll Heat QDO Cryostat Active / Passive
Exchanger Isolation Support
QDO R&D Prototype Vibration Test Setup

Task 2: Improve the ILC Final Focus Magnet Design
Update the IR magnet designs before settling on a final, preferred ILC EDR IR design configuration. Taking into account:

> In the past 7 years BNL Direct Wind technology and IR design experience has advanced tremendously
» Detector specific anti-solenoid configurations and confirm that these designs satisfy optics requirements.
» Coordinate with experiments to implement (or not) any anti-DID coils for background reduction.
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Laboratoire de Physique

| Summary

» ATF2 has obtained outstanding and unique results for the nanobeam sizes and its
stability.
» Based on the achievements of the ATF2 no showstopper for ILC has been found,
lan is to pursue the necessary R&D to maximize the luminosity potential of

» ATF3 p
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.

> This ILC pre-lab period will be of paramount importance for the training of youn
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)

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
8 Bpm misalignment * Causes wakefields effects * Reduce wakefields * DFS, WFS
* - * Falses beam-based alignment ¢ Careful pre-alignment * If movers are available,
b 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
a0 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]
g [ Beam jitter * All of the above * Reduce jitter at the source * Feedback systems
g i Ground motion / vibrations * All of the above * Stabilization * Stabilization
O =
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ILC DR and BDS Tasks

T1: Optics optimization

WAL ITLIC DI Bl G G5 T T2: Magnet design NC and PM
T3: Magnet prototyping PM

WP 13: ILC DR collective effects T1: Simulation: Electron Cloud, Ion-trapping instability, Fast Ion Instability
T2: System design and Beam test for fast FB FII

WP 14: ILC DR extraction/injection Kickers

T1:

Fast Kicker system design of DR and LTR/RTL optics

T2:

Fast Kicker system design and prototyping of induction kicker and pulsar

T3:

Fast Kicker long term stability at ATF2

T4:

E-driven kicker system design, including induction kicker development

WP 15: ILC FFS design and beam test

T1:

ILC FFS design hardware optimization and realistic beam line driven and IP

T2:

ILC FFS beam tests long term stability, high-order aberrations and other R&D

WP 16: FD design and optimisation

T1:

ILC FD optimization r

T2:

QDO vibration test
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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

ILC-IDT WG2

Viarc 021




W Cuo @ Horizontal emittance design of the ILC DR

IN2P3
e deuxinfinis http://www.esrf.eu/home/UsersAndScience/Accelerators/parameters.html

Blue : existing light sources
Red : projects to upgrade existing machines

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

1.0E-0B SrEAR
o
. 1.0E-07 -
: F
< 1 0E-08 S
g o ALSU® SLSII ° i
g El Sgrinﬁll ILC DR
o 1 0E-09 oo
@ e .F'ep-x
% APSU ® PETRA IV
£ 1.0E-10 Pep-X +D
; /
2hA3
T 1 0E-11 £y =CaFy 0" c — s
Nd TUSR +DR ®
1.0E-12
100 1000 10000

Circumference (m)
The design emittance for the ILC DR is comparable to those for the light sources currently in operation.

In the ILC, the emittance must be reduced, and the dynamic aperture also must be increased to make the

positron capture yield large at the same time. We will start the DR optics optimization to make the
R dynamic aperture larger for the optics with the emittance, comparable to the light sources currently in | -
operation. '




“IC Vertical emittance of the ILC DR
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Iréne Joliot-Curie . . .
Laboraoie o Physique The vertical emittance of the ILC DR is 2.5 pm (E = 5 GeV),

which is designed to be 0.625% of the horizontal emittance.
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The vertical emittance tunings have
been established for the light sources.

Beam current of the ILC DR

Beam Current The beam current of the ILC is about the same
ILC DR 390 mA as the existing synchrotron radiation facility,

SuperKEKB LER | 3.6 A (1 A at present ) which is an order of magnitude smaller than the
: design value of SuperKEKB.
SuperKEKB HER | 2.6 A ( 1 A at present )

Horizontal emittance [nm]

SLS 400 mA The vacuum device and collective effect can be
Australian LS 200 mA referred to the experience of existing light
sources.

DIAMOND LS 300 mA




