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KEK Accelerator Test Facility (1.3 GeV)
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" ATF2 beamline

Nano-meter beam studies; i.e., ILC
final focus system
Advanced beam instruments R&D

Damping Ring
Low emittance beam studies

S-band Linac

Multi-bunch beam acceleration, 1.3 GeV
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Year

Education of the Young Researchers under the

International Framework-
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Education of Young Reserchers at ATF
Hean Hns Korea US
2011 France \ J
2009 China %
2007 -

2006
2005
2004
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1999
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1996
1995
1994
1993
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1990

42 PhDs

. since 1990 /

W &< (Master) 60 persons
Bl £+ (PhD) 42 persons
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Alignment of whole ATF beamline
from 2011 April to 2012 March

g | S ; = - " ‘
o N el ': - . : '

Va4 y!




m— 0011F58 SRERE — LB ET7SAAVRE)
e 2011F9F8 TI3AAUNE

)2 E&(%138.6m
HRNICHES)DIELOE

O UMLL F THARE
BEdt A MIZ1.5 mm PS> TLVE




Vertical (mm)

-1.0

J00 0

DREEARBTIA AL

cerxesrzelreerreerresrrernrerneraderneraneranerrnerneerneshresrternesanesrnesnnerxtornesrnesneesneernennne

- 2011/Sep DRE?%U%@:
| i Target:! |x|< 90 um

.
H
arwe s pean :.m .w..w.w........-.....-:.w..w.w...-.r..w..w..:.-. aveca waew
.
H

N

o 2011/Junen't%ﬁ|: A 188 B

1000

2000 3000 4000 5000 6000




00

0.2mm @I ;

00 F

DR Magnet Alignment -2012/Sep

Horizontal displacement:
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Demonstration of Multi-bunch Extraction

ATF2 beamline Intra train feedback (FONT)

Wire Scanners Two sets of
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- . APD detect
ILC design requirement: eDe o
< 1 um laser wire scanner :

Results at ATF extraction line (2008) . 5? ] Powermeter

Collimating
O = 2.2 um lens —

<>

Dipole magnet

FEREER S

Scanner

| Laser light

0.0022 -
0.0020
0.0018 |-

0.0016 |

Photodiode and Charge Normalised Cherenkov (A.U

amplitude : 0.00.0

0.0014

Laser

offset : 0.0+0.0

Chamber Vertical Position (pm)

Results at ATF2 FF line (2012 May) -2 B - =

Electron beam

Detector

O',W - 1.2 ~ 1.4 I.‘m BPu FF lens 2P Compton x-rays

750 300 550 900 950 | JAI(RHUL, OXford) / KEK




S-band BPM KNU/PAL/KEK/RHUL/SLAC

on mover

C-band BPMs on mover C-band BPMs C-band

w/o mover / Strip-line BPMs ™

) C-band BPM system
IP BPM system ~ S-pand BPM system BPM cavity: 34 units

Reference cavity: 4 units
Target resolution: 100 nm
Aperture: $20 mm

(BPM + Ref) Cavity BPM cavity: 4 units
1 unit Ref. cavity: 1 unit

Target : 2 nm Target.: 100 nm
Aperture: 6 mm(v) _ Aperture: ¢40 mm

after blazing

SMA
connector

Achieved resolutlon at ATF Proto-type

8.72 +-0.28(stat) +-0.35(sys) nm Achieved resolution
@ 0.7x10° electrons/bunch, 15.6 nm

@ 5 ym dynamic range .
[Y. Inoue et al., Phys. Rev. ST-AB 11, 62801 (2008)] @dymamic range +20um




ATF2 Cavity BPMs D& K%

C-band BPM
RADIREEMLTEEHE — LB TOERIREIZH S,
ATRE—LSAVTIIBEIVA—F—DEHEZBTET IDHENH D

> BPM{ES %20 dB attenuationL TR A FIVvIL U OFFER
Resolutions:

with 20dB att. ~ 200 nm

w/o 20dB att. ¥ 50 nm

(well centered beam w/o saturation 2 27 nm)

ILCCHEESIN TS D EEELI00 nmZ+ 7 TERL .

Lines indicate  -_ N
S-band BPM B;ﬁ’?glgbﬁﬁzd .y SFs, Large BBA offset
Resolution ~ 1 um : & e
ATFCRELESN TSR OEOBPM .
|LC(¢$% :: 100N
200 nm  —»K0\a /N \ A
IP-BPMs ST A
:*Lt)\‘;) Omm —> torsin i
W% 10 15 20 2 30 3 40 5
BPM numb
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Focal Point Damping
(ATF2-IP) | Final Focus (FF) System H Extraction beamline <] Ring
0y~37nm 8y~ 10pm
Straightness Monitor Intra-train feedback (FONT)
Laser Interference Fringe Monitor
Wire Scanners /
IP-BPM(future) - .
. a0
C-band BPM C-band BPM \ OTRs \ C-band BPM Fast Kicker
Beaomb'tteflt I:re_? Pulsed Laser Wire
Wire Scanner  Final Doublet ||:;':Blp|\,|I onrer ﬁm@“‘““‘:ﬂ e e =
S-band BPM o S

Challenging goals for ATF2
| 1. EB G RIE—ALY1X37Tnm DEH
2.IPIZH 1B F /A —FILL AL TDE—

SRS ATELE

B |- ATF2-FF optics/2ILC final focus system D83
ZESEE

 Demonstration of compact final focus optics for
ILC
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Parameters at ATF2

3.11 Earthquake

.

IP Parameter

nominal

[| May 2010 |

Feb 2011

Dec 2011

Feb 2012 Jun 2012

Beam energy

|
1.3GeV

1.3GeV

1.3GeV

1.3GeV

1.3GeV 1.3GeV

Emittance in x

2 nm

1.7nm

1.8-1.7nm

2nm

1.8nm 4 nm

Emittance in y

12 pm

<10pm

27-28pm

~50 pm

wakefield@mOTR

156 pm 12.5 pm

Beta function in x

4 mm

4cm

10mm

lcm

4cm 4cm

Beta function iny

0.1Tmm

Tmm

0.1mm

0.5mm

0.3mm 0.1 mm

beam size in x

2.8 um

~10 um

9.2um/2

11.2um

beam size in y

35 nm

300 nm
8deg.mode

1.8um@PIP
C-wire

850nm
5deg.mode

165nm

30deg.mode

" E— LBEEOHLEIS AT ZDesign Optics|ZF& 1T




Beam tuning for the 37 nm vertical beam

®— December 2010 Data
1000

Waist knob Dispersion knob

nent  +
fdl—

100

Vertical Beam Size in nanometre

20

-
" ‘\ 7 N\

............... 2t08d8930 deg]74deg : o6

0 5 10

Tuning Knob Iteration Step e
____ Coupling knob ( <xy> )

anay"2 [un"2]
anay*? [um"2]
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L—H—FSEEF AT 5E—L YA XE=_4—
(Shintake Monitor. IP-BSM) GEITE LEHAS
E—LEHEE > 37 nmETELVAD

DFY,. CHDAEDREEENAREXITOAY

Optical Delay Line

Scattered Photon
\ Gamma Detector

O \ Bending Magr1€thr_____________..J
Virtual IP\s —

Electron BGW\ wr Intaiferanca B

y

| S

X 0 Laser Interfere Fringe Sig,?al
H _ ] nton
Electron Beam e Scfltt%ruéfiuw
) -
Ff'nﬁe 266 nm 1.03um 3.81lym 15.2um —
pItC I Phase Scan Fringe Phasz
Minimum 25 nm 100 nm 360 nm - Siop
 —
Maximum 100 nm 360 nm - 6 pm ~-— -,
| —

Fringe Phase




IP-BSM Setting

L—H— o~ 10 um, FWHM ~8 ns

Laser-Beam Timing Scan

_ Base Scan
Eanan
12+ Mean
N Sigma
Offset

59.91854 | 39
7.25714 0.49332)
1691.370120.09426
1.21578 0.09651]
3.52180 0.15181

] ] 1
1685 1690 1695

Laser Timing

C 1
1680

]
1700

N

ical Delay Line

L—H—¢BEFE—LE
RESHES
(Transverseif] %)
Compton{f§ 5z mAIZ

Upper path

Intensity Cut [e9] | 5.000

~)

~ » T
2l <I< {20000 [T

Signal Type layer 1-4 Recalculation |
17 + 10381
- pl 1061770 + 0.
. » 2 o 1 0. 7
45005 ;z 157202 + 199
4000;—
3500
3000
- [}
2500 1
= ]
2000~ f.g cagtiy Rt ) B
= 1o L L
1500 —
ol EFETITTEN ETATETATEN APAATATE ANSATAE APAAAE AT ITAE ATTAArE AT
10.595 10.6 10.605 10.61 10.615 10.62 10.625 10.63 10.635
‘= - -
E o MirrorA-BH1 ..
JE VegE e g L% R

Lower path

Intensity Cut [e9] | 5.000 2| <<

Signal Type  [layer 1-4

I I I I I I 1 1 1
726 7.265 7.27 7275 728 7.285 729 7295 73

.. MirrorB-Ef 1

TisiEzlEd

QRDODL—H—ZERS.

Longitudinal 58 &)

FiHfaDa SR M
KIZ

3000

2500

2000

150¢F

100¢F

|_Aver: 1753.1494127.81
Modulati 0.03787 .0z
Phase 3.10378p.2¢

™
Constant 048018+ Q.
Mean 930156 + 0.
= 0.00320 + 0.
E 010891 + 0
osf
oaf-
o3f-
02— é &
1 i é
oE .

452668317
02090
L00014
.00018
01251

n MirrorB-#f2




Recent results on the vertical beam size

BeamSize(nm)

2500

Beam size measure by Interference fringe monitor ]

Carbon Wire 2~8° mode
Y |
2000 - ™
M Before
3.11
1500 2~8° mode ® ¢
1000 - o
g e 30° mode
. ‘ o
500 : v ol -
N g o ¢
O 1
2012/2  2012/3 100 [ 174° mode
ATF2 goal 37nm —~
O L
12/2/1 12/3/1 12/4/1

« BB .YITIHOULANILDE—LBEFE(F20128F2A NS B
¢ IP-BSMEZXEA3E—FTHEEEVOHTHER,

. BEAHE—LY4XIE 165 nm 2

« BHE. 100 mUTORAIEICH T RATLOREILZEDHTINS

WG PES




IP-BSMEZEL:L——7JRJ7/I)ILDRE

IP BSMItZEHRFHEEAND XTI

Original reducer 2nd lens (f=-175mm), 3/9 Changed the reducer 2nd lens (f=-250mm), 3/15
[P

. n

2WmajorlSO_ 8671.4 um
2WminorlSO _ 6703.0 um

Orientation __ 89.8 deg ’
Crosshair 48.1deg. | 2 538 { ]

[
Warto Onj Trigger delay = 0834 ms At O] Trigger delay = 0834 s
o 7
Tmager Gam - 4.1 Images Gain = 4.7
. | Peak % 73.6% . ol
Exposere time = 1000.0 ma Expesure Sme « 1080.0 ms
. .|| Image zoom 1 L
00 um INva g3 15092 um_ | AW @135 $3837 um_ IWva @ 135 5708.8 um
1859 8 um 2WVD @ 500 % 27830 um 2Wub & %00 27815 um 2Wvb 8 500 ' 28286 um
/ N\
/ \
/ \
\
A
Peak - BI5SX 0 -24% [Scale < 3000 enjdiy Peak “EESX 0 - 24X - Zl:i—'ml'ﬂiuﬂﬁ'rvi Peak - 755 K’Hfr.ﬂ‘i— [Scale - S0 8umidiy _—  Prak - 265 X’Hfl'(-;‘:'

Rear mirror was exchanged , 3/26 , at present
, i.e. the curvature radius from 5m to 6m

P PRI Octs - 12249 um Pl 1 - 15316 (20,0 [TITTCET) ——
p[b % ~

After the exchange:
rounder-like profile,
much less “spots”

TAut Ow Trigger delay = 0.967 s

te 2 |
Imager Gain + 1.7
Peak % 54.2% T —
i | Expesure e - 10000 ms.

Image zoom 1 o .
N @135 117827 um a3 135N 00 um
2Wub 500 62015 um b 800 CE75.5 um

[Seale - TORD wmfdle____ [Peak - 20.6% B-25% Scale - S00.6 umdiv Peak - 2728 B - 25X

20124 58 13H HEH




IPBSM zrfﬂ: L—H—FJrDkE

L | e T o Build Up Time AN K EKE B

Bu|Id up time: L—H— Faﬁ?‘*"'ﬁ#laaﬁ (April4) || o BREEHIZEFEMALEDHS,

ll . fi@t%%%%)

N (T N T RN ‘#ir*"“fH'““Ml 71"4’"‘4@"‘ w«”ﬁ ) ﬂE b\jtg(f;étl/—"f—o)ﬁmlng
Jitter ~ 10 ns

Laser FWHM ~ 8 ns

BEFE—LEDEREMHFHRT

L —H—Feedbacktl {&#%
 Build Up TimelXZ&E
o L—H—®Timing litter ~ 2 nsLLF
- WER2BMEZRE HL,'CDE,MH:O)JIS{I%
s PP FEDN o T —
Build up time: L—H —BAtA ~ 4885 (May 21) |
MEA R — )ik EEL, 0 e
| \ R RO
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011 2012 2013
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ATF2 37nm 600 nm#kE2 i
*E/]\[:“_A 5&“%%%0)@'5 - &% 420 nm G
BAF 4
165 nm#g:2 |
IPBPM A YE @ IR R ER BPM[E] & £ 2 (KNU) % bl
IP FABPM&! 1% -\;l .
ATF2 F/ BPME — L 58k = & /A= |1
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Oxford / KNU / RHUL / KEK

Challenging goals for ATF2

2. Stabilize a beam in a few nanometer
level at the IP.

FONT (Feedback On Nano-Second Timescales)
has been developed
* as a prototype of a beam-based intra-train
feedback system for IP of LCs. +
« Correct the impact of fast jitter sources such AN

as the vibration of magnets.

FONT1~FONT3 FONT4 & FONT5 (ATF2)
Digital feedback system for long
bunch-train ILC.
allow the implementation of more
sophisticated algorithms

Analogue feedback system for very
short bunch-train LCs.

Latency FONT3(ATF) 23 ns.




FONT5 Hardware
DHEH

3! e .
— r= TR | mp
3 LLIG
FPGA-based digital
processor

Analogue Front-end

BPM processor

7

B/ T DXy
; _H;~ e
| TILFINIFE—L

(Single bunch) x 3 Train Extraction

0.2 T T
L 154ns spacing J
o U

+ A -

Strip-line kicker

BPM Signal

Strip-line BPM with
mover system

-1.2
-600 -400 -200 O 200 400 600 800
Time (nsec)




Laser Interference Fringe Monitor
IP-BPM(future)

.
AN

Wire Scanner | Final Doublet
S-band BPM

ag o1
C-band BPM

[l B OFF: jitter 14.7 nm
+ | I FB ON: jitter 2.6 nm

—00.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.0
y offset [um]

IPTOFHE
FB OFF: jitter 14.7 nm
FB ON: jitter 2.6 nm

2nm Stability R&D

—Fast FeedbackEt E&—

raightness Monitor

(Single bunch) x 3 Train Extraction)
02 T T

ntra-train reedbac

Wire Scanners

\
FONT5 B #Z
Bunch Bunch 2

Off 2.1um Off 2.1um

Bunch 3

&R TR[L 5L ELHHES
E—ASA LB BN GIHE

FONT + IP-BPM

ATR2E—ASAADAGHIZEILTES
E—ALSAL2RADEELZZIP TDfeedback THIZ £

IP-BPM + FONTD#A & Hht CIPEZEIEDHFFE




KR IPF/A—FILE—LGERTEIL
IPBPM+FONT

FONT-kicker

BHTFI/\—
IPBPM3 & Z#EAH AL T8

ATF2-IP_E 5| 588 35 013FBEDME | 19w 45 (LaiE )

SBAMSTOr1TIPBPM | FRER- A AF—IL
+EALTTHARENE | £

400

IPBPM 7

IPBPM

KNUE Low-QF A TE3BRET D, 28 X EMER,
BPMIZ &L ESE T L. ATF LINACTE — AR ER KA.
SmAHLEIRLE —LSRBERZIEESD,
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Results of Cavity BPM prototypes

KEK/SLAC/LLNL

Cavity BPM:

« strong signal, possible to reach "nm"
resolution

» Dbetter mechanical rigidity and reliability of the
electric center BPM1 BPM2  BPM3

Zero-CTE Carbon Fiber

Two R&Ds with the prototype cavity BPMs has e

Alignment

been done until 2008 for ATF2. pouming Flexares o
They have proved position resolutions smaller
than 20 nm. ] . ) BPM NanoGrid metrology
" - . || B '5 frame and
el AR T S . -3 \ Carbon fiber metrology
e chee- ’ ) » frame
e [ P . . A Encoder Grids <
. e g " BPM 2, y Residuals
. - } ' . \J‘ o0 "
| f residual (meas.-prediction) s ACh Ieved
S S Sinm - resolution
sensitivity calibration (resolution=17nm) g
1 step of the mover = 316 nm §30 1 5-6 nm
fringe size of an optical interferometer .
-, - | o ;l t6nm 5 @dymamic
Active stabilization with optical Jf L 1 range
interferometers | Lo b o RO +20um

Residuals (microns)
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- <_ ptn y-ray
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BPMs positioning

BPMs assy to be mounted in IP Chamber vessel




Beam test at ATF LINAC

Results of IP-BPM x-port sensitivity
for one-port measurements

IP-BPM sensitivity 1900 -
F 1800 §
(For x-port) 1700 |
_ 1600 ®  Measured data
= 0.34146[mV/um] 1500 ] ° e +8.3dB cable loss
E 1400 - ° —— Fitting line (data)
(one-port measurements) = 1300 4 . Fitting line (8.3dB)
— D 1200 - qulation y=a+bx
— 0.88786[mV/Um] 8 1100 ] Adj.R-Square  0.96207 Valu(;.eszw S
3 _. B Intercept = 2930.89087 194.70416
(one-port measurements & > 19997 c gt | OB 50626109
o 900 c Slope 0.88786 0.07173
Consider the 8.3dB cable loss) 5 800 .
m )
© 700
Q ]
. S 600
if we used two x-port of BPM, we would 500 h
have the results 1.77572[mV/um]. 400 4
300 i
! | ! [ ! | ! | ! [ ! | ! |
) Designed sensiiiviiy -7800 -7600 -7400 -7200 -7000 -6800 -6600 -6400
Beam position at IP-BPM [um]

- 3.865[mV/um] for two-port
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Simplified schematic of new electronics

_, Phase
% _Control
$ Detection
LO >
Total conversion
Gain: 54dB
LPF
BW : 40MHz  OPAMP
RF > >0
RF > 1@
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Results of Jan. beam test

Calibration Run was made under 40 dB, 30 dB, 20 dB attenuation cases.

This is to enlarge dynamic range of the electronics, in order not to

saturate while sweeping the beam.
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