ATF/ATF2 Status

T. Tauchi,
ILC PAC Meeting, IFIC, Valencia,13-14 May 2010

References :

ATF2 Proposal, KEK Report 2005-2 with 110 authors ( 25
ATF2 Proposal Vol.2, KEK Report 2005-9 research institutes
ATF home page : http://atf.kek.jp/ around the world )
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http://atf.kek.jp/collab/ap/projects/ATF2/index.php
http://atf.kek.jp/collab/ap/projects/ATF2/index.php

J.Urakawa, KNU-KEK ATF2 collaboration meeting, 16-19 Mar.2008

KEK High Energy Accelerator Research Organization
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ATF International Collaboration

P Oversea Collaborators visiting ATF (JFY) e%fz";: Sian i
%\*: E /f\f\v%%‘?—““‘ C ~,
~  Overseas !
D 5 o
‘@E . 25 Institutes, 7
L:‘%% 2000 ~/70 people,
= ~2000 people-
/ —_—
S - days per year
8 +
1000 -
KEK and )
00 Japanese
/ Universities(0)
2008

s

2005

2006

2007

20104E 58 13H KAEH



Test Facility Deliverable Date
Hardware development, Optics and stabilisation demonstrations: JFY
Demo. of reliable operation of fast kickers meeting the specifications | 2010
ATF for the ILC damping ring.
Generation of 1 pm-rad low emittance beam  0O.1x €ic, 3 x Luminosity 2009
Demo. of compact Final Focus optics (design demagnification, 2010
resulting in a nominal 35 nm beam size at focal point).
ATF? Demo. of prototype SC and PM final doublet magnets 2012
Stabilisation of 35 nm beam over various time scales. 2012
Electron cloud mitigation studies:
Re-config. (re-build) of CESR as low-emittance e-cloud test facility. 2008
First meas. of e-cloud build-up using instrumented sections in dipoles
and drifts sections (large emittance).
Achieve lower emittance beams. Meas. of e-cloud build up in wiggler | 2009
CESR-TA chambers.
Characterisation of e-cloud build-up and instability thresholds as a 2010
func. of low vertical emittance (<20 pm)
DA®NE Fast kicker design and pulser reliability check 2010
Characterisation of e-cloud build-up and instability thresholds 2010
SLAC/LLNL Fast Kicker pulser development 2010
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ATF Accelerator Test Facility, KEK

1997-2008 Extraction line :utilization of low emittance beam
ey=11pm ,2002 beam instrumentation, collimator damage
£,= 4pm ,2004 Cavity BPM FONT Pulsed Laser Wire Scanner
nanometer res. fast feedback ( ns) for beam size monitor ( um )
ODR, OTR
Collimation damNgle shot meas. /
phase-1 - Beam Dynamics

Energy: 1.28 GeV
Electron bunch:

LW, Cavity Compton *

2x1010 e/bunch Damping Ring
_ : ultra low emittance beam (2pm)
1 2.0 bl,mCheS/tram dynamics -fast ion instability
3 trains/ring \\ beam instrumentation (BPM,LW)
1.56 Hz \ Fast kicker
rise time < 3ns
XSR <« ——
RF Gun S-band Linac ( 70m )
multi-bunch beam multi-bunch acceleration
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PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 13, 042801 (2010)

Present status and first results of the final focus beam line at the KEK Accelerator Test Facility

Publication of

P. Bambade,l’6’>‘< M. Alabau Pons,2 J. Amann,3 D. Angal-Kalinin,4 R. Apsimon,5 S. Araki,6 A. Alryshev,6 S. Bai,7
P. Bellom0,3 D. Bett,5 G. Blair,” B. Bolzon,8 S. Boogert,9 G. Boorman,9 P.N. Burrows,5 G. Christian,5 P. Coe,5

Fi r St R e S u It S B. Constance,5 { .2-P. Delaha}ll3e,10 L. Deaco6n,9 E. Elsen,1141 A. Faus—(éolfe,2 M. Fulilslda,6 J. Gao,’ NI.SGeffroy,8 y
E. Gianfelice-Wendt, © H. Guler, ~” H. Hayano,” A.-Y. Heo, * Y. Honda,” J. Y. Huang, ° W. H. Hwang, ~ Y. Iwashita,
A. Jeremie,8 J. Jones,4 Y. Kamiya,l7 P. Karataev,9 E.-S. Kim,14 H.-S. Kim,]4 S.H. Kim,15 S. Komamiya,l7 K. Kubo,6
b I\/I 2 O O 9 T. Kume,® S. Kuroda,® B. Lam,? A. Lyapin,'® M. Masuzawa,® D. McCormick,” S. Molloy,” T. Naito,® T. Nakamura,'’
y ay J. Nelson,® D. Okamoto,'® T. Okugi,6 M. Oroku,'” Y. J. Park,' B. Parker,”® E. Paterson,’ C. Perry,5 M. Pivi,’

T. Raubenheimer,3 Y. Renier,"6 J. Resta-Lopez,5 C. Rimbault,l M. Ross,l2 T. Sanuki,l9 A. Scarfe,21 D. Schulte,lO
A. Seryi,3 C. Spencer,3 T. Suehaura,17 R. Sugahara,6 C. Swinson,5 T. Takahashi,22 T. Tauchi,6 N. Terunuma,6 R. Tomas,10
J. Urakawa,6 D. Ulrner,5 M. Velrderi,13 M.-H. Wang,3 M. Warden,5 M. Wendt,12 G. White,3 W. Wittmer,3 A. Wolski,23
M. Woodley,3 Y. Yamaguchi,17 T. Yamanaka,” Y. Yan,3 H. Yoda,17 K. Yokoya,6 F. Zhou,3 and F. Zimmermann'®

in PR_STAB ]3’ (ATF Collaboration)
042801 (20-I O) 'LAL, Université Paris-Sud, CNRS/IN2P3, Orsay, France

%|nstituto de Fisica Corpuscular (CSIC—University of Valencia), Valencia, Spain
3SLAC National Accelerator Laboratory, Menlo Park, California 94025, USA
“Cockcroft Institute, STFC, Daresbury Laboratory, United Kingdom
>John Adams Institute, Oxford, United Kingdom
®High Energy Accelerator Research Organization, Tsukuba, Japan
"Institute of High Energy Physics, Beijing China
SLAPP, Université de Savoie, CNRS/IN2P3, Annecy-le-Vieux, France
°John Adams Institute, Royal Holloway, United Kingdom
"%European Organization for Nuclear Research, Geneva, Switzerland
""Deutsches Elektronen-Synchrotron, Hamburg, Germany
2Fermi National Accelerator Laboratory, Batavia, Illinois 60510-5011, USA
SLaboratoire Leprince-Ringuet, CNRS/IN2P3, Ecole Polytechnique, Palaiseau, France
“Kyungpook National University, Korea
>PAL, Korea
1°Kyoto ICR, Japan
The University of Tokyo, Japan
"8UCL, London, United Kingdom
“Tohoku University, Japan
20Brookhaven National Laboratory, Upton, New York 11973-5000, USA
2Cockeroft Institute, University of Manchester, United Kingdom
22Hiroshima University, Japan

Z3Cockcroft Institute, University of Liverpool, United Kingdom
(Received 1 November 2009; published 21 April 2010)

ATF?2 is a final-focus test beam line which aims to focus the low emittance beam from the ATF damping
ring to a vertical size of about 37 nm and to demonstrate nanometer level beam stability. Several advanced
beam diagnostics and feedback tools are used. In December 2008, construction and installation were
completed and beam commissioning started, supported by an international team of Asian, European, and
U.S. scientists. The present status and first results are described.
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ATF2 beam line and planned/proposed R&Ds
2008 - 2010 - 2012 (- 2014 - ?)

Final Focus System iﬂ,‘ﬁg Diagnostic  “New” extraction line
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ATF2 beam line and planned/proposed R&Ds
2008 - 2010 - 2012 (- 2014 - ?)

Final Focus System i{f,}% Diagnostic  “New” extraction line
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N.Terunuma, ICB meeting, ILC10, Beijing, 29 March.2010

ATF long term plan

GDE TF Request | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Low emittance (1pm)
DR BPM upgrade
Multi Bunch Stabilization LINAC/DR Improvements
Fast Kicker R&D Short term Steady Operation
(Multi bunch Extraction) beam tests
ATF2 35nm beam size |!P-BSMR&D

(Single Bunch)

ATF2 2nm
Stabilization
(Multi Bunch)

ATF2 SC FD-Q

R&D (2nmBPM, Fast FB)

Design

Manufacturing

Cryogenics system (KEK)

35nm steady operation

Install

SC-

Q Test @BNL
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N.Terunuma, ICB meeting, ILC10, Beijing, 29 March.2010

ATF long term plan

GDE TF Request | 2010 | 2011 | 2012 | 4013 | 2014

Low emittance (1pm)

DR BPM upgrade 't fU nd€
Multi Bunch Stabilization LINAC/DR Improvements be reVﬁewed

Fast Kicker R&D Short term Steadly Operation
) ‘ beam tests
(Multi bunch Extraction)

ATF2 35nm beam size | IP-BSM R&D

. B tuni p—
(Single Bunch) eam “”'”r 35nm steady op¢ration

ATF2 2nm R&D (2nmBPM, Fast FB)

Stabilization 2nm Operation
(Multi Bunch)

ATF2 SC FD-Q Design Manufacturing SClQ Tt @BNL

Cryogenics system (KEK)
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3mrad kick angle

K=10 Ke=-0, M 39] K=0 4003428
&0cm long x 2 . vl
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Extraction Orbit

QMSR. 1
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Fast Kicker in March, 2010

5.6ns AR Circulate beams in DR

B 1T T T TITITIIY

Bunch train in Extraction line

308ns 308ns 302.4ns 308ns 308ns 302.4ns 308ns 308ns
- - " - - - -~ - - -~ - - = - -
1 2 3 4 o - 7 - B ases 30

U
Horizontal
Resolution

Fast Trigger
(500 points)

Normal
(10k points)

S NS WA RARAN AR NN A
| | , "

- IRER AR .
ARRRRRRNERRARARA RN

S00mv <2 M1.00us A J —640mV
1W0.000 %

Mode Horizontal Reset : L
Pk Detect Resolution Horizontal Autoset WaveAlert Sample Rate:
Normal Delay 1.00GS/s

Bunch current at the extraction line
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N.Terunuma, ICB meeting, ILC10, Beijing, 29 March.2010 F
Kick angle jitter measurement Alg

L)

ol —~ — - — —— "0 lllllllllllllll b bt pa M e hid i p hkd e pd | M i M M
| 1 1 20100311-3
1 20100311-2 3
S0 3
] ' RMS=1.05purad
i . RMS=1.30prad i Iy
i (1 1] 3 25
= | ] €
20
e VI 18
o 4

!
20 |
]

Fast Kicker

Angel (urad) Angle (urad)

d ] 0 ) [ 0 o [
b \*".
& \\_,@., “

ATF2 Cavity BPMs

The kick angle jitter was estimated from the BPM measurement of the ATF2 beamline. The
fit from the measured positions and the R12 of each location shows the angle distribution of
the kicker. Figure shows the result of two set of the data. Each data used 700 shots and
400 shot, respectively. The measured angle jitters were 1.3micro-rad and 1.05micro-rad,

respectively(preliminary). The angle jitters of the kicker were 4.3x10-4 and

3.5x104, respectively. <- good enough for beam size measurement
for single bunch
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368

367

366

365

#2(-Delayins)

364

363

362

361

360

Issues to be improved

Delay20100312 - #2(-)

0 5 10

15 20 25 30 35 40
PulseNumber

Time delay from input to output as a
function of pulse number ( FID pulser).

1. FID pulser performance for each
pulser has different time delay now, so
timing adjustment is difficult .

2. BPM performance with multi-bunch
beam

3. Stable 5.6ns spacing multi-bunch

beam generation - laser system

4. Stable multi-bunch storage in DR
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ATF2 FB system: FONTS5 (oxford,KEK)

10 T T T T T T T T T QUAD
: - : : ‘ : BV kicker
sl RV BPM

B Skew QUAD
| I DIPOL CORR

— hela X

»

Dedicated

system:

beta [m|

I

— I’L‘lﬂ }

e 2 stripline
kickers (K1, K2) +

fast drive amplifiers

e 3 stripline BPMs(P1,P2,P3) + Mg s .
fast analogue front-end electronics
9-channel digital FB processor

P.N. Burrows ATF2 Project Meeting, KEK, 14/12/09
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P2 - K1 loop jitter reduction

(April 16 2010)

Bunch 1 Bunch 2 Bunch 3

B O 2.1um

B Off 2 2um
B On: 0.82um ||

B Offt 2. 1pum
80+ B On: 2.2pm ||

5 0‘ 5 10 0 5 0 5 10
Offset (microns) Offset (microns )

0.4 um - 0.8 um

Philip Burrows JAI Advisory Board, RHUL 26/04/10
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Jitter comparison at IP

Assuming perfect lattice, no further
imperfections (!)

12

B B OFF: jitter 14.7 nm
10/ | I FB ON: jitter 2.6 nm

8 -
2 6
-]
)
@
4
2 -
0
-0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
y offset [um]
Philip Burrows JAI Advisory Board, RHUL 26/04/10
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N.Terunuma, ICB meeting, ILC10, Beijing, 29 March.2010

Laser Wire (JAI,KEK)

Stage 1 (continued)

Present location of 2009

New location for existing La i t
ser-wire system

Laser-wire system

e relocation of the laser room
and the collision chamber

2010

e commissioning of the laser
system

T e U e commiissioning of the laser
Stage 1 (continued) - 3D View of proposed new ‘Laser-wire' region o o
transport and collision system
(2010/Mar/22")

e beam study was resumed in
April.
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Challenges toward the 1pm emittance

Simulation:
BPM offset error should be < 0.1 mm. (“BBA”) -->gy~2pm
Magnet re-alighment, < 30 um -->ey~1pm

DR BPM upgrade (FNAL, SLAC, KEK)

a high resolution BPM system
*a broadband turn-by-turn mode (< 10 um resolution)
*a narrowband mode with high resolution (~ 100 nm range)

*Electronics for all DR BPM (96) is under preparation at FNAL.
*Installation will be done around the IPAC10 (May).
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N.Terunuma, ICB meeting, ILC10, Beijing, 29 March.2010

: : ‘o A.Faus-Golfe, J.Alabau-
Multi-Optical Transition

Gonzalvo, C.Blanch,
1~ ti J.V.Civera, J.J.Garcia Garrigos
Radiation System for ATF2 et

D.McCormick, G.White, J. Cruz
SLAC

for Fast Emittance Measurement

F(ch_cu? Target t

ERlEEr inserter KE K

S"|d(ta adaptor MDC part # " One each of all parts eam
plate 662004 < with RED arrows

Optics extension tube 90deg . have been purchased

and mounting rings mirror . orare in fabrication

~ by SLAC for testing.

1.Most parts have been arrived at ATF.
i S 2. Two persons from IFIC visited ATF in
M’/ And 1x tube lens

\ A s March, 2010 and assembled the OTRs

slide

Focus adjuster
Slide angle

T N Vb on the test stands.
oo SRS 3. Control cables were put between the

English version

- beamline and a control hut.
e TS e One of 4 OTRs was installed in May, and
i -

OTR body and optics

Vertical actuator

3 OTRs will be installed after IPAC10.

20
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http://www.mdcvacuum.com/html/partdetail.htm?parm1=662004
http://www.mdcvacuum.com/html/partdetail.htm?parm1=662004

J. Alabau-Gonzalvo, IP Beam Size Task Force Meeting, 16 April, 2010

Summary of multi-OTR Status

Locations

OTHO OTRS

'pancesout u 23 -

- Tpancesouly 23
40+ 0
ol 20}
% 3 '_5 0
" o} -20 |
-40 | et |
60 L— S e WO 600 40 200
<00 800 400 200 0 200 400 &0 &0
X {am)
OTAH1
= oy £ ¥ Tracking comparison with
0 Wire Scanners
0}
5 OTRO WSO
i ox: 118 um ox: 82 um
oy: 9 um oy: 11um
OTR1 W31
ox: 148 um ox: 157 um
oy: 8um oy: 7.um
OTR2 WS2
ox: 92 um ox: 88 um
oy: 12 um oy: 13 um
OTR3 Ws3
: ox: 144 um ox: 151 um
oy: 7 um oy: 6um

OTR resolution = 2um
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Operation with Large Beta Optics (8 *x/y=8cm/1cm(8cm until Mar.)) ,

IPBSM in LW mode in Feb.-May and the interference mode in Nov.-Dec.
Annual Calendar

2009

SuM Tu WTh F Sa|Su M Tu W Th F Sa|Su M Tu W Th F Sa|Su M Tu W Th F Sa|Su M Tu W Th F Sa|Su M
January 2009 1.2 3|4 5 6 7 8 9 1011 12 13 14 15 16 17|18 19 20 21 22 23 24|25 26 27 28 29 30 31
ATF Operation ATF Operation
new QM7R,HA-PS broken start up
ATF2 beam tuning
IPBSM with 2-3 degree
VIV ETQVAPAO [0l | > 3 4 5 6 7)8 9 10 11 12 13 14[15 16 17 18 19 20 21|22 23 24 25 26 27 28 IPBSM in laser wire mode
ATF Operation Fast Kicker
BPM(1)/week i . No beam at EXT
1st IPBSM LW sig. on 2/27 first IL\W S|gna|
ATF 2009 1.2 3 4 5 6 708 910 11 12 13 14[15 16 17 18 19 20 21|22 23 24 25 26 27 28|29 30 31 - calibration of the BPM
BPM(1),FONT(1)/week system
DR-BBA il
- commissioning the 5
April 2009 1.2 3 4|5 6 7 8 9 10 11]12 13 14 15 16 17 18[19 20 21 22 23 24 25|26 27 28 29 30 wire scanner system
ATF Operation _
ot maan first try to observe |y pRS\I signal C(g?reeacstlfgﬁwolingl/s ersion
o sianain interference signal 9 ~nd couplin P
May 2009 1. 2|3 4 5 6 7 8 9[10 1112 13 14 15 16[17 18 19 20 21 22 23|24 25 26 27 28 29 30|31 piing
ATF Operation - measurement of
BPM(1),FONT(1),LW(1)/week i
Signal back in IPBSM, 5/29 lPBSM emlttaﬂCe at DR and
signal back ATF2
June 2009 1.2 3 4 5 6|7 8 910 11 12 13|14 15 16 17 18 19 20[21 22 23 24 25 26 27|28 29 30 - modeling beam line
ATF Operation
fast kicker study at EXT |n summer Shutdown.
October 2009 - alignment
ctober 1.2 3|4 5 6 7 8 9 1011 12 13 1415 16 17|18 19 20 21 22 23 24|25 26 27 28 29 30 31 . .
ATF Operation - installation of new
multibeam was exracted! . H H
PAC review multibunch beam extracted Screens, wires, knife
by fast kigker edge in the IP chamber

November 2009
ATF Operation
BPM(2),POS(1),FONT(2)
1st IPBSM sig. on 11/13

December 2009
A Operation
BPM(2),POS(2),FONT(3)
seed laser was broken
beam size < 1um by C-wire

M2 304/ 5 6 7

8.9 10,11 12 13 14

1.2 3 4|5

firs

6. 7.8/9 10 11 12

15,16 17 18 19 20| 21

22 .23 24 25|26 27 28

29 30

tinterfere

13114 15 16 17 18|19

nce signa

20 2122 23124 25 26

(3e Crossing

27 .28 29 30 31

a*y<1.5u

m-by C -wire (5um!

D)

- IP beam size tuning by
the C-wire scanner
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Operation with 10 times Beta Optics (8 *x/y=4cm/1mm)

2010 Annual Calendar
DR Study + QBPM Calib + FO
Su M Tu WTh F Sa|Su M Tu W Th F Sa|Su M Tu W Th F Sal|Su M Tu W Th F Sa|Su M Tu W Th F Sa|Su M start up
January 2010 1.2(3/4 5/ 6/ 7 8 9[10 11 12 13 14 15 16|17 18 19 20 21 22 23|24 25 26 27 28 29 30] 31 ATF2 beam tuning
ATF Operation | ] . | R IPBSM with 2 to 174 degree
Background with nominal par. Fast Kicker
IPBPMs L B nstallation
February 2010 1.2 3 4 5 6[7 8 9 10 11 12 13[14 15/16/17 18 19 20|21 22 23 24 25|26 27|28 - large background at the
ATF Operation | | ] . .
10 times optics parameters n:)mmal O.pt.ICS )
IPBPM,Tilt,FONT | R&D for 2nd goal - Inew stripline BPM electronics
Strip line BPM electronics BHEEER . . .
m 123 4 5 6718910 1 12 13[14 15 16 17 18 19 20|21 22 23 24 25 26 27|28 29 30 31 - mU|t|pO|e ﬂel_d at 2nd kicker
ATF Operation - large wake field by IPBPM
IPBPM removed . .
=lseptum #3 re-aligned(tilt)
April 2010 1,234 5 6 7 8 9 10|11 121314 15 16 17|18 19/ 20 21 2223 24|25 26 27 28 29 30 | %PM calibration eS_taPIIShed
ATF Operation - N | TTPBSM fully commissioned
10 times optics parameters H
CiPePm.TiRFONTLW] R&D for 2nd goal 855nm beam size
IPBPM_and Mult-OTRs ] MM MW | Pre-continuous run (3 shifts)
May 2010 112134/ 5/ 6/7 8[9/10 11 1213 14 1516 17 18 19 20 21 22|23 24 25 26 27 28 29|30 31 IPAC10
ATF Operation .
10 times optics parameters +C0ntinuous run for a week
FONT,LW,Tilt . —
IPBPM removed goal -I Oonm
123 4 567 8/ 910 11 12(13 14 15 16 17 18 19|20 21 22 23 24 25 26|27 28 29 30
ATF Operation
10 times optics parameters
POS(1),FONT,LW,Tilt In summer shutdown;
October 2010 1. 2(3/4/ 5/ 6/ 7 8 9[10 11 1213 14 15 16|17 18 19 20 21 22 23|24 25 26 27 28 29 30] 31 - mUIt|p|e OTRs ?
ATF Operation | | | i
nominal parameters
POS(2),FONT,LW,Tilt
November 2010 1,23 4 5 6718910 11 12 13[14 15 16 17 18 19 20|21 22 23 24 25 26 27|28 29 30
ATF Operation
nominal parameters
POS(2),FONT,LW,Tilt
December 2010 1,23 4[5/6/ 7,89 10 1|12 13 14 15 16 17 18|19 20 21 22 23 24 25|26 27 28 29 30 31
ATF Operation | |
nominal parameters :37nm _ —
POS(2),FONT,LW,Tilt Goal = 37nm
SC-Q Call of bid
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X tilt

Tilt (mrad)

Stability : tilt of B2 and B1
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0.00

-0.01
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Stab|||ty . t||t Of 82 and B'I R. Sugahara, 22 October, 2008

B2 -upstream
B2 -downstream

Y tilt

Y Tilt of DEA- and QEA—mag QF3
(E-W) B1 -upstream
0.04
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v .-':- I\
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H
0.02 28 &
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— [¢}]
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0.01 27 =
o
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S. Boogert, ATF2 Project Meeting, 14-17 December, 2009

ATF2 BPM layout

S-Band BPMs (4+1 ref.) C-Band BPMs ( 33+4 ref.)

MREF1FF

MREF3FF MREF1X
QM10(AB)FF  QM12FF QM14FF QM16FF QD21X QD20X QD18X QD16X QD12X QD10X
52 ola s s s s S s & 8 e 5 $ |z 32 &= a3 & af & a%

g (<] (¢} g [« [¢] (<] (<] [«] [e]

A A, \ \ : B i \ -
5§ 2 PG Bt ©f £7¢ Yile: & g by ed 5 6 30% 65 65 o
i f H £ SR LA e RS E & EE CZE ET8 T TR

QF7FF QM9(AB)FF QM11FF QM13FF QM15FF QD19X QD17X QD11X

ZH4X
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S. Boogert, ATF2 Project Meeting, 14-17 December, 2009

BPM system performance "

Horizontal kick by ZH4X present stability of ~5%
= ( calibration )
77 B ® Kick beam using
i \J correctors
dotted line = model | o /H4X
StriplineBPM Cband BPM Sband BPM @ ZV6X
Vertical kick by ZV6X
® Compare

® Optics model (R matrices)

L

® Orbit response with BPM
measurements normalised
by kick strength
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Y. Kim, ATF Operation Meeting, 23 April, 2010

All BPM Resolution Determination

All BPMs Resolution = = Resolution X
® ® ResolutionY
i
5 T T T - . 0.8
m m Resolution X
-}
= m ResolutionY . £ os;
af I T EEEEET =
@ "
Ll ' . . - L)
0.2} ) - = " . . o
—_— . " ' 3 :
5 3 S « L.
= - 0.0 -
0 2 rl 3 3 10 12 14
g ] BPMs
. ]
2 w/o Attenuator 8PMs
Q
w 0.10
g 2F I -
0.08 -
1F - EO% a
= . u] = $ .
] [m| £
g — W~ —— .--_____i___. ———————— — 3004
| a O
) Il.lllll—rh.n1 .l | llll | ., = =
0 5 10 15 20 25 30 35 40 0.02}
w/o0 attenuator BPMs BPMs = = Resolution X
m =» ResolutionY
0.00 : .
. 3 7 & 9 10 11 12 13 14 15
2010.04.27 bluekyi183@knu.ac.kr s
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Y. Kim, ATF Operation Meeting, 23 April, 2010

IPBPM performance for multi-bunch beam ;
] bunch 3 trains

e Clear signal X and Y from diode ( KNU electronics, latency 16.07sec measured )
« KNU IP BPM : Low Q BPM : few nsec

CDIODE
unit in 10ns | Resolution of
IPBPM Signal X = IPBPM Signal Y IPBPM is under
x HPM debug level ' | y BPM debuqg level ) 9 BFM debug leved | analySiS
} %
unit in 10ns ' unitin 10ns |

" v -

2010.04.27
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G. White, ATF Software Workshop, June, 2008

Beam Tuning Procedure Overview

Use EXT correctors + BPMs (EXT FB) to get orbit through EXT.

Use FFS FB to get beam through FFS.

Correct Dy/Dy' in EXT using skew-quad sum knob.

Correct coupling in EXT using coupling correction system.

Use FFS FB for launch into FFS.

FFS Quad BPM alignment using quad shunting with movers.

FFS Quad mover-based BBA.

FFS Sext BPM alignment using Sext movers and downstream BPMs.
Sextupole mover tuning knobs to get final spot size  : multi-knobs

O O O O O O O O O

= Vertical IP dispersion and Waist

® <x'y> coupling

= Higher order terms collectively through Sext rolls + dK.
O Also use EXT skew-quads to tune other coupling terms.
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G. White, ATF Operation Meeting, 16 April, 2010

BBA results , April 2010

800 T

X

700

600

g s Worst accuracy results were
g 5 00 - ¥ affected by jitter and low
g < ° [
8 B oy + i intensity. So, the BBA should
| T be repeated.
()] 100 & -
= I +—t
0 |
S 190 aporF QF1FF QD2AFF QD2BFF QF3FF
o Quadrupole
)
c
3 2000 ,
+ 3\ | X
)
S A =
S L\ - Mostly good agreement with
yo) 500 T .
S e N\~ i those in December 20009.
3 \ H L :
§ 2 o0 \\ // : Didn’t achieve to BBA SDOFF.
) -1000
2 \ 4
= -1500 \ //
-2000 V
-2500 i
SF6FF SF5FF SD4FF SF1FF
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The BBA errors should be static Ay errors shown.

A'Y micron

10

10

10" |

10°-F

107}

3

Fig. 3.7, ATF2 Proposal, KEK Report 2005-2 etc., Aug. 2005

Static position error giving 2% effect on beam size

O ILC |
O % ATF2 |l

Therefore, BBA must be improved .
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A. Scarfe et al., MOPP030 EPACO08 proceedings

Performance of Orthogonal Tuning Knobs

To correct residual aberrations at IP

by using 5 sextupoles in the final focus system
multi-knobs : <xx>, <xy>, <X'X’>, <X'y>, <X'Y’>, <yy>, <y'X>, <y’X’>, <y’y>

1000

800
0.08 600 -
I 1 400
0.06 " 2001
7 E 190}
| &
0.04 = i
o : T 40
002 = o
i g
I >
0.00 -+
~0.02" - ]
-0.02 0.00 0.02 0.04 0.06 0.08 0.10 5 10 15
X Tuning Knob

Figure 2: Beam response matrix tuning from the errorbeam ~ Figure 3: A representative example of vertical beam size
(red) to the nominal beam (blue). tuning using the beam rotation method.
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M. Oroku, ATF Operation Meeting, 16 April, 2010

IPBSM Beam Size Tuning scheme
tested multi-knob, 16 April, 2010

QDOFF
magnet(rough
waist ) Rotation x2

7 R’
| ny | QF1FF
L knob(dispersion) tilt(coupling)

s/

Tuning
(0y~ 5 um)

“ Multi-knob by 5 Sextupoles

K ,‘ l Multi-knob Definition Panel - used

QDOFF tilt s I >
X y tit X y tilt x Y 1L 8 |
SFEFF || 7000 0.0 00 95.0 0.0 0.0 0.0 0.0 o.o|
L (Coupling) SESFF 0.0 0.0 0.0 -175.0 0.0 0.0 200.0 0.0 00|
SDYIFF 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
4 SE1EE || -185.0 00 00 100.0 0.0 0.0 160.0 0.0 0o
SDOFEE || -300.0 0.0 0.0 -25.0 0.0 0.0 -300.0 0.0 0.0 j
Ey Coupl Coup2
X Y uit X y ui X y tik
SFEFF 00 -60.0 00 0.0 0.0 0.0 0.0 0.0 0o
SFSFF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
SDYIFEF 00 | 3000 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SFIFF 00 | 2300 0.0 0.0 | 2000 0.0 0.0 0.0 0.0
. . SDOFF 00 | 3000 0.0 0.0 0.0 0.0 0.0 | 2000 0.0
ay knob (fine waist) - =
Spare Spare? Spare3
% y tilt % Y tik X Y Uit
SFBFF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ‘
SESFF 0.0 0.0 0.0 0.0 2000 0.0 0.0 0.0 0.0 |
then, COUP1 and COUP2 SD4FF| 08 08 0D 00 08 00 08 200 00
SE1FF 160.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 |
SDOFF | -300.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ‘
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M. Oroku, ATF Operation Meeting, 16 April, 2010

S . 2 / ndf 4.413/3
Graph | Ny scan U . Graph QDO waist scan | %.f 0.2202
ro : - :
= ARSI s [ pO 2.463 + 0.3569
s [ i niot 8 30f p1 129.7/+ 0.03235
B 3~ 02 ko 0 £ r p2 2.059 + 0.02302
s F 57 8 ar
N - ® S
2 28 1 E T d
e — n o
S T 2"d rotation 3 S 28 2" rotation
m [ -
- - 129.7 set
24 o 24—
2‘2:__ 22— l
E 2—
2— n
"ﬂLllJ.l.l s ba e a1 0 s el as s b aa ba vyl lan 1.8__' T R T T S R T T S A S SR SR R
25 =2 45 4 05 0 05 1 129.6 129.8 130 130.2 130.4
Etay [a.u] QDO[A]
o 2 [ ndf ; M hfr.
frame QDO tilt scan | ! oeomrs | Jrame QF1 tilt scan Eoes 0
T PO 1861e07:20570-08 | T [ ooy -
S — p1 -3207+44.88 | E st . RMS x 0
E 35 p2 1.216+0.01321 | E 5[ I 1* rotation RMS y 0
[7) 5 @ ~ |
g0k f o B
E 3 15t rotation E 3
e ¢ ¢ ©
E . °F
25— 3 ¢ 25— 2"d rotation 4 deg. mode
E B - +1400 set
2 -3500 set _ 2l i :
- 2"d rotation B ! l
15— l 150 ¢
- Fitted by pO(x-p1)*2 + p2 B . . ; )
_l ) 1 LA L L l LA 1 1 l AL L. 1 l AL L l LA 1 LJ LA L L l AL 1 l AL AL l LA 1.1 : l J l l l l 1 1
-5b00 4500 4000 -3500 -3000 2500 -2000 -1500 -1000 -500 0 2b00 -1500 -1000 -500 O 500 1000 1500 2000 2500

QDO tilt[micro rad] QF1 tilt[micro rad]
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M. Oroku, ATF Operation Meeting, 16 April, 2010

Graph
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N
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M. Oroku, Y. Yamaguchi, ATF Operation Meeting, 16 April, 2010

BeSt ReSUItS (4 degree mode) in April 2010

Fringe Scan

(o))
o

Crossing angle :4.12 [ded]
Average of 4 bunches/point
Scan range 13.2[rad]

with a step of 600mrad

1
o

—0O—
—CO—
—O—
——

W
o

% | : Fringe Pitch 7.4um

Compton Signal [arb. units]
=S
o

N
o

Modulation = 0.767+ 0.020
¢ | oy =855 42 nm
o 3

-l
o

14 16 18 20 22 24 26 28 30
Fringe Phase [rad]
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Results of Pre-continuous run

for 3 shifts, 21-22 April, 2010

Goal : to achieve 3um beam size without the multi-knob

Optics : 10 times G*,
with previous settings of QF 1X and QF6X (dispersion cor. ),
and all FFS sextupoles OFF

Alignment of FD : +1400ur@QF1 and +700ur@QDO

note : beam orbit centered in the IPBPM with horizontal bump

since the shoulder was observed in X.

Procedures as ;

1. BBA

. Dispersion measurements

. EXT diagnostics (emittance and twiss measurements)

. EXT wire scanners (10um dia. tungsten wires )

. IP + Post IP (PIP) diagnostics

(emittance, twiss and beam size measurements)

o B~ W N

6. IPBSM for IP, 10um dia. tungsten wire scanner for PIP



G. White, ATF Operation Meeting, 23 April, 2010

Initial Dispersion Measurement

Lada nn nn
O CIOCOC IPOOOC POOCHE »C 2 2 O\g=C )?é- ﬁﬁrﬁ:ﬁ 25 Z—:O)B g‘) § -XO Eg i‘tﬁ t‘: :‘L‘:'-* :l.j\-l ll:td % E t:. LI..LL-LL‘ ' ﬁ tb-L.‘z LJ-...J—"'. : t‘.‘:- ‘LL-LI..".“'.' R ed —= ea S u re e n t
LD PO s IV WD O e < >N v I et et T v o o v v v v e R GO PNLALD LR EEET LSVIALNY —<iso
SN ROy CHOCCy o O OF ey CF CHTC O RN CrOyCy Oy (= - COF O OO O OO O OO XY O OO0y OISRy CIELY SO exily O RS 158 B I d I
1000 1 . I 1 T T v 1 L O W
A ([ ] [
A | ISPEIrSIOn
y \o
AN
E § .
- e gy P e —-— AP I i r— gy
j 0 _ B i - :‘;
& o : w
| 2 measure
_503 e r —
-1000 L | | | | |
140 150 160 170 180 190 200 210 220 rO I I l a S
S /
150 =7 T T T T T
100 +— "‘ W e e S
e e e R SEttiNgS:
2% T
-50 A -
100 | | | | | | | |
140 150 160 170 180 130 200 210 220
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G. White, ATF Operation Meeting, 23 April, 2010

Model Dispersion Fit to IP

EXT Dispersion Measurement and Correction Accoss Status J _ _

NOTCOW Contol ,

Diagnostic Plots: aX or @Y tum) vs dP/P ipm) — J N G H O r I ZO n ta I 2
o ' ‘ ' ' T Correct | BPMSelect | ; : D X
o e dispersion

’é‘ * - - Cal Knobs J Restore
3_510 I [ - ] Measurements / mm ‘ m ea S U red C)y
-~ eta x etay
% s 1 $.557 wi- 0,32 4818 ~¢- .25 l P B S M > 8
f 13.452 +¢- 0.38 -4.037 +¢- D.1B
-5293 -21 -11 (; 11 21 3 Correction Select / Fudge Factors . G M O d e I fit tO B PM
dP/P ( X 10-3 ex (@ex (ey (ey scan
X (ay MQD10X v ] 1 1 1 diS erSiOn
at the dispersion free region : p

Parameters Knob Settings
Momentum Compaction Factor {x 1E-3): 2.000 _jQcCun 0.8 t
#* 6PM readings to Average | 10 Scan range {mm) | 100 (@ ICT1X m ea S u re m e n S
# Cal/Scan steps g JICTDUMP —= I _t I P B S M
 IMeasure Wirescanners Select DR freq. ramp points | - C Ose O

Dispersion Knob Settings Calc and Plot Dispersion Data

— = measurement.

_Use Calculated:

GET | ‘ P
P Get Name From BeamlineViewer i D*X — 2 -I . 9

Fitted dispersion values for BEAMUNE element 1725 (1P
etax =-2194-0418mm

0.4 mm
R D* = -6.33 £ 0.54 mm

I+

etax w6324 1.26 mrad .
eay --533+-054¢mm MOdel calculation at |P pmmss
etay = 4294~ 3 64 mrac
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G.¢/Vhite, ATF Operatign Meeting, 23 April, 2010
EXT WS Horizontal
Measurements

04/21/2010 15:14:00 K. Kubo

ff,—.fmcex 1.30? ,' .0_374 055 (rm) 01 .3 nm 8 X
~ emittance

{ alphaX at IEX 1.562
] betaX at IEX 11.673(m)
1 alphaX at MAIX  1.045
1 betaX at MWiX 7.012(m)
7/ alphaX at MW2X .091

/] betaX at MW2X 3.378(m)
7 1 alphaX at MW3X 2.622 O B MA( ;— 1 2
| ( ]

] betaX at MW3X 18.726(m)
{ alphaX at MWaX 1,277
i betaX at MW4X  6.254(m)

- % I BmagX 1.177 | G d I
....... Lonaa L7, 0 ) oo NI mO e
s = e | Use
fitted

| S;;:_;U ff'l'f::' ;;:;:n' fencton  jren] disperSion

Sl
e fie e fie
18363 3180 471 1W 237 1250 3| om) Val ues
S VW 3I5 210 482 2680 281 0J0¢{
§954 BE0 087 250 D5 1650 3138 o.® ?-.;
i

JAST 1880 38 420 883 1550 933 os8 '
£2382 B2 33 S8 351 33 150 ese !

Far 30\33&’50() 15 1328 sorver rroeved regeest !
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G. White, ATF Operation Meeting, 23 April, 2010

EXT WS Vertical Measurements

04/21/2010 14:47:17 K.Kubo

emittanceY 017 + 7.36-4 - 7.36-4 (rm) {
b i o ¢
X ! ERE [, “##4 alphaY at IEX -2.532 O 1 7 pm 8 y
Y ~"{betay at IEX 3.171(m)
J 1 alpha¥ at MWOX 7.712 ! f
L "] beta¥ at MWOX 23.169(m) em Itta n Ce
C alpha¥ at MWIX -1.799 ¢
B 7 beta¥ at MWIX 11.291(m) }
L _Z | alpha¥ at MW2X -3.000 ‘
4.5%2'/’ A 1 beta¥Y at MW2X 26.644(m) iy Q B MAG :1 o 1
4 ./._//.,.,fl“’". 1 alpha¥ at MW3X . 363 |
y ;//" :.' _ betaY at WW3X 2.074(m) }
alphaY at Ww4x -1.382

-y R ‘O.Lr*‘i;;;:,j beta¥ at MW4X  5.336(m) ‘ Q U SEe mOdeI

BmagY 1.111

i reo fitted

R —————_y dispersion

' Sgma Y emor asp Y emor
fie <€ Tie = J
W2 2158 113 A ISE 948 125 03 ValueS
1358 134 £33 0 117 68 O3 o0 {
WE 38 05 39 33% 110 o2 e i Upstr‘eam Seems to be

"3 33 s 03 4% 25t 03N 0w

s un o5 o gz ae s oen (ol tned in X and Y.

'Fauny SAN SNS (YY) 144089 server reoeved el ___ﬂ
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G. White, ATF Operation Meeting, 23 April, 2010

V PIP Waist Scans

QDOFF walst scan at the PIP

’x10'

Meas dusperswn subtractuon
Fit: dispersion subtraction

25| Meas: no dispersion subtraction |
Fit: no dispersion subtraction |

2|

1.5}

sigy” [m”]

11

0.5+

fos 1.05 1.06 1.07 1.08 1.09 1.1 1.11 112 113
KLQDOFF [m™]

® Waist min at 103.87A, sigma_y* = 2.33um

2Well matched (beta_y = 1.0 mm [Irrgesthc])d 11) Good in Y!
Min from IP scan = 3.0um @ 129 A (expect 130.32)

g "
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M. Oroku, Y. Yamaguchi, ATF Operation Meeting, 23 April, 2010

Fringe SCaﬂ ReSUItS (2 degree mode)
with coupling correction at PIP by QK1-4X (rough)

Fringe Scan
W
= 80—
> F Crossing angle : 2.29 [deqg]
E 7057 Average of 4 bunches/point
[ 60— Scan range 13.2[rad]
a%’ - with a step of 600mrad
e 90—
S r
£ 40 Fringe Pitch 13.3 um
S F
30— :
- Modulation = 0.35+0.01
20;— oy =3.1+ 0.03 um
103_ QDO current at 129 A
0: oo b by by by by as expeCted from the PIP
0 2 4 6 8 10 12

Fringe Phase [rad] beam size measurements !
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G. White, ATF Operation Meeting, 23 April, 2010

H PIP & IP Waist Scans

QDOFF waist scan at the PIP

gX 10°
* Meas: dispersion subtraction
i Fit: dispersion subtraction
Meas: no dispersion subtraction
6 Fit: no dispersion subtraction
K
E
o 4
>
R
®3
2
1
0 M—
1.05 1.1 1195 1.2 1.25 1.3 1.35
KLQDOFF [m ]
QDOFF waist scan at the IP
35X 10

* Meas: dispersion subtraction
S Fit: dispersion subtraction
Meas: no dispersion subtraction
25 Fit: no dispersion subtraction

®5can QDOFF
field strengths

® Measure
horizontal beam
slze

®|P with IPBSM x
laserwire mode

;g 2

{_‘6_‘» 15

o [
| 3PIP using W

0.5 2
04 1.44 1.46 1.48 15 1.52 1.54 erescanner
KLQDOFF [m']
20104 58 13H KEH



G. White, ATF Operation Meeting, 23 April, 2010

H PIP & IP Waist Scans

QDOFF waist scan at the PIP

®Scan QDOFF
field strengths

® Measure
horizontal beam

3

+ Meas: dispersion subtraction

1.42

Fit: dispersion subtraction
Meas: no dispersion subtraction
Fit: no dispersion subtraction

B*x = 9.3cm with &x=1.3nm
minimum [P X-waist at 142.3A

1.44 1.46 1.48 1.5

KLQDOFF [m™]

1.52

esignhed B*x = 4c

gX 10°
* Meas: dispersion subtraction
i Fit: dispersion subtraction
Meas: no dispersion subtraction
6 Fit: no dispersion subtraction
5 B*x = 20cm with £x=1.3nm
£, minimum PIP X-waist at 120.6A
2, predicted 144.95A at IP
2
1
1905 1.1 1.15 1.2 ! D 1.3 135, . .
KLQDOFFfim atched im X !'sjze
QDOFF waist scjn at the P
35X 10

®|P with IPBSM x
laserwire mode

®PIP using W
wirescanner

1.54
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Summary

DR - vertical emittance to < 2pm as the [LC-DR
BPM electronics will be upgraded after IPAC10, June 2010.

Fast kicker studies - next study in June, 2010

(1) Good performance for single bunch beam, i.e. angular jitter of about 4 x 10-4
(2) Need improvements for multi-bunch beam
for the FID pulser, BPM system, stable generation and storage in DR

R&Ds for the 2nd goal of ATF2 and |ILC-BDS

(1) FONTD5 : good progress, i.e. very impressive results

(2) IPBPM : tested at the upstream, wakefield effects seen,
KNU electronics will be updated at KNU.

(3) LW : installed and tested in the last run in April, 2010

(4) Multi-OTR system was installed in May, 2010.

ATF2 -37mm by end of December, 2010

(1) All the instruments have been commissioned; i.e. BPMs, IPBSM etc.

(2) Beam tuning knobs have been developed and were also commissioned.

(3) The pre-continuos run successfully completed with IP X-mismatched issue;
to be ready for the continuous run towards 100nm beam size in May, 2010.
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Final Remarks

1. Experimental verification of the |ILC chromaticity
correction i.e. ILC-BDS FF Design

Development of beam tuning procedures

Also, improvements can be suggested.

2. Development of instrumentation for |ILC
BPMs, movers, Fast feedback (FONT), Laserwire,
beam size monitor, HA-PS, fast pulser, SC-FD etc.

3. Education of young generation for ILC
Large participation of graduate students and
post-docs as listed in a following table.
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May, 2010

Dr Theses

Year university country Name title publication
) . . . Etude des vibrations et de la stabilisation a I'echelle sous-
2007.11.12 Université de Savoie France Benoit Bolson ) o ] .
nanometrique des doublets finaux d'un collisionneur lineaire
Nuclear Inst t Meth in Physics R h
2007.12.21 University of Tokyo Japan  Taikan Suehara  Development of a Nanometer Beam Size Monitor for ILC/ATF2 uclear Instruments and Methods in Physics Researc
A 616 (2010) 1-8
2009.4.14 Royal Holloway, UK Lawrence Deacon A Micron-Scale Laser-Based Beam Profile Monitor for the PHYSICAL REVIEW SPECIAL TOPICS -
University of London International Linear Collider ACCELERATORS AND BEAMS submitted (May 2010)
. Optics Studies and Performance Optimization for a Future
UNIVERSITAT DE . Maria del Carmen _ . . . ]
2010.6.8 . Spain Linear Collider: Final Focus System for the e-e- Option (ILC)
VALENCIA Alabau Pons . ) ) )
and Damping Ring Extraction Line (ATF)
. . Paper with title "First beam waist measurements at the
2010.5.8 THEP CAS China  Sha Bai ATFZ2 Optics System Optimization and Experiment Study P

Accelerator Test Facility 2 at KEK" submitted to PRSTAB
Implementation and Validation of the Linear Collider Final

2010.6.11 Université Paris-Sud 11  France Yves Renier
Focus Prototype ATF2 at KEK (Japan)

Oxford university UK FONT studies

2011.12.1 University of Tokyo Japan  Masahiro Oroku  Beam Tuning with the Nanometer Beam Size Monitor at ATF2
K k National

2011.12.1 Y UNEPOOK RAtiona Korea  Youngim Kim  IPBPM and BBA
University

2011.12.1 University of Manchester UK Anthony Scarfe Tuning and alignment of ATF2 and ILC

2012.2.xx  University of Tohoku Japan  Taisuke Okamoto cavity-type tilt monitor of beam orbit for ILC

Kyungpook National

2012.12.1 ) ) Korea Siwon Jang IPBPM and BBA
University
E Mari
2012.12.1 CERN Spain duardo Marin Ultra Low Beta Optics
Lacoma
Oxford university UK FONT studies
ICIF, Valencia university Spain Javier Alabau- emittance, coupling measuremwnts with multiple OTR system

Gonzalvo
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