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" Achievement of ATF
1. Emittancein Damping Ring.
1nm-rad horizontally, 4pm-rad vertically at low intensity
2. ILC Fast kicker development. 3nsfast risetime

3. DR BPM upgrade program. <lmicron resolution. By
SLAC and FNAL et al. collaboration
; I- “by-turn monitor. For FIl study, kicker

5. nm BPM experiment. 17nm resolution achieved. By SLAC,
LLNL, KEK et al.

6. FONT4 experiment. digital feedback. By Oxford et al.

7. Laser Wireat EXT-line. fast scan wirefor ILC. By RHUL
et al.
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;I Emittance measured by CW Laser wire

"o

® X emittance (single bunch)

In 2003

® Y emittance gsi ngle bunch)

—emitt_x ® Y emittance (15bunch projected)
—emitt_y
X emittance by LW :
210° — — 110 — .Ye.m'tt.ancefby LW
1810° [ 81022 | 0.5% coupling Calculation
i 0.5% coupling Calculation | [ //
8 16109/ = - 8 61012 +
g 0 | 87| <
o 1410°| //{ + _ E 4107 | i 'Y
1.210° | /‘/ * ' 21072 |
/ I ] | LW'Y emit(single 16APR0O3) |
| L W X emit(single 16APRO3) | | LW'Y emit(15 bunch 6JUNO3) |
ij0°Ll.® 0.0 ob ..
0 210° 410° 610° 810° 110 0 210° 410° 610° 810° 110%
Bunch Intensity Bunch Intensity
PHYSICAL REVIEW LETTERS " ll.j‘__.‘ﬁ“f{"u_%'\';‘{';:,"-‘a'[m_l

< 0.5% y/x emittance ratio
Y emittance =4pm at small
Intensity
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la Laser wire beam size monitor in

14.7um laser wire for X scan

300mW 532nm Solid-state Laser °-/Hm for Y scan
fed into optical cavity (whole scan: 15min for X,

6min for Y)
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Beam kick test at ATF-DR Ins

Stnp-lme kacker
-
In 2006 P aal
w
Beam Timing
T AW D0 T CHRETT DRSS T O TION
'-["] = = g e = e

2000

The kicker pulze iz applied to the stripline -2000
electrods at just the time of the beam goss

through the slectrode. o = = e e
FFT fMetical)

The beam kick iz observed by a turn-by-turn "#eM0RE

BPM az the amplitude of the oscillation of the [

batatron frequency componant. saERD -

The kick effect i measurad by scanning the “-_1 A

pulzs timing. B B ¥ A i
Tner



.'IF Beam kick test of ILC Fast kicker

e (KEK, LLNL, SLAC, DESY; FID Co:)
1 Il

Rise time= 2.2ns &T

Kick angle(a.u.)
= =
= ]

HH
P

Strip-line
Electrode ?1 \
0.4
Pulse Power supply Negative Pulse j l\x
. 0.2 \\ %
0 _—’IJ "'w
0 2 4 6 8 10 12

This experiment completély shows per fect
Kick timing control.

rise time improvement
by using waveform compensator.

3Nns ->2.2ns
Pulse Traif7(30AQ pulse )Output from FID Pyisglcyo7 7




p DR BPM resolution improvement

UGy digital read-out system (SLAC; FNAL , K EK)
Initiated by Marc Ross in 2005.

o Y position vs. Intensity during lifetime measurement

beam position read-out vs. beam intensity: —1
scattered plot : existing analog circuit. =,

—5

150 —

ine plot : digital read-out introduced for test. —o»

Stored Beam — 10 minute time
scale; ATF lifetime ~ few minutes
’153.2 0.3 0. 0. 0. 6 0.|7 u.ls 0.‘9 i
Normalized intensity

100 —

S0—

Y position - Y position of first orbit

-50—

-100
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dY[micron]

:l0  Xto Y coupling Improvement

dY[micron]

EEN
ZOum BPM Resolutlon with old circuit (1997-2002)
el S 1 1 2000 ] ] dY by ZH4R 26Nov2002 |
138:8 : ;%‘* | dy by ZH2R 26Nov20024 _ 1888 f 3 ¢ : ;}; . y § ” F
0o e T ’ 2 00 W*g 4, b ; H
-50.0 ¢ é ® ‘? T é _500 ® _ ‘ Téé 1 l“*
rord SN 1 1 = A3 A AU M Al
1000 | * S 1000 + | $1 2 ¢ 4
11500 | 11500 * * +
22000 k 12000 Y A
0 20 40 60 80 100 0 20 40 60 80 100
BPM number BPM number
Bum BPM Resolution with present circuit (2003-2007)
igg:g = _ dY by ZH2R 20M ay2003 ] igﬁg dY by ZH4R 20May2003
100.0 | — 1000 } + . _
50.0 | A v 5 58.8
00 [ v 5 0k
-50.0 ?‘ o § 500 [® o LI
-100.0 ¢ S -1000 |
-150.0 -150.0 ]
200 %0 8 10 2000 g 4§Pl.\/ll 'beo 80 100

BPM number

Upgrade of BPM Resolution (~ 0.1um) with new circuit by SLAC
and FNAL. Surely, we will achieve 2pm-rad. Possibly 1pm.

2007/10/15 AnnecyQ7



n'IP Multi-bunch Turn-by-turn monitor By T. Naito (KEK) in 2007

—a—Y emittance(0Omode. 1.6E9intensity)
—l—Y emittance(00mode, 3.7E9intensitv)

—a— Y_emittance(01lmode, 6.3E9intensity)

The beam blowup at tail bunches was measured by . Vertical Emittance of Muitibunch
the laser wire in ATF, which is assumed come from "o ]
FIl effect. In order to observe the individual beam £ oron I Moo
oscillation in the multi-bunch beam, multi-bunch 5 ‘ /\
turn-by-turn monitor is developing. This monitor  s010m TN
consists of front end circuits(amplifier and filter) and 2 /
DPO7254 scope. The scope can store the waveform up § s010m B
to 2mswith 100pstime resolution. E
g 1.010" GLC|Design
E )-8 1.6x10°
0.0 10°
0 5 10 15 20
h b
BPM eclectrodes —_—
DPO7254 FER | GROTOL | BeEf dat ) 1et H FET | aUoFa 518=55 dat ] 151y
pid r zi‘ﬂ% ) '
1.5
1
D C-,E[
= o a1 02 o3 04 ':'t:- 0] 06 03 04
W wﬁlf_;']' | EAOT0B1EES dat | 2nd K i:iFCF | B00FOE |B=RR fas ) Znd ¥
- - - 2 - - - -
Noetwork 1.5
Analyzer 1
computer ) o
[ T
. . . . . L V. - s h
The preliminary results shows the different oscillation % o1 ez a3 o4 o1 0z va 04
amplitude of the tune-X and the tune-Y. for the 1st and 2nd
bunchesat just after injection. Tune-X Tune-Y
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.'Ip nm resolution BPM
,,b (SLAC, LLNL, UK-University, KEK)

'

~Hexapod Movers

Zero-CTE Carbon Fiber
Metrology Frame

-

Alignment

Mounting Flexures: _~ Frame

« Radial, longitudinal
— —_— Actuator
Motors

ATF single bunch beam test

n -
E 2F
S TF
w -
6 *fF
g 5F
=] =
E 4
=} -
= 3E
2k
1
O Fwtil wen fopey MMM oy iy il ofi] by Pl oy
-0.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1

Y2 Residual /um

16nm resolution achieved
2007/10/15 Annecy07 11



e goa;lp

ATF2 IP-BPM

.'r'hjre beam jitter at thefocal point of ATF2

oduce a feedback signal for beam stabilization
= requifements

ate high resolution (a few nm)

= special cavity BPM

= rectangular shape (X:5.7GHz, Y:6.4GH?2)

= thin cavity for angle signal reduction
= small beam tube for high sensitivity

= Status

= various properties wer e checked with beam (position
sensitivity, angle sensitivity, etc.)
= 8. 7nm reslutlon was achleved by 3-bpm measuremont

1

o o
® ®

©
o~

Voltage at the output port of BPM
(normalized to 10410 electrons/bunch)
[volt (50Q impedance)]

o©
o

IPBPIVI Y port @

Sen31t1V1ty test”’BP““pC’” u

0
-1500

-1000 -500 0 500 1000
Beam position at the cavities [um]

1500

Measurement of

Ann

By Yosuke Honda (KEK) in 2007

the center BPM

[ Measured Y21 vs Predicted Y21 |

Measured Y

é%%%%%%ﬁ

Thour long run .
—resolutlon
- 8.7nm \/

Predicted Y21

Prediction from other two BPMs



Signal (V)

,'.,IE FONT4 : Digital IP feedback R&D at ATF

Oxford, Daresbury, QMUL, SLAC, KEK, DESY, CERN et al.

output signal

Kicker > BPM > BPM > BPM A
1 2 3 - [\
e- Vo
- Mixer -
| A
- AR | ety Do | T
Drive Analogue BPM i
amplifier processor BPM signal
.. BPM processor
Digital P Locked
feedback T4MHz
from ATF
signal pass latency : 25ns
BPM processor:7ns
Digital board:68ns
Analogue input drive amplifier:40ns total:140ns
from BPM processor L C . ‘
pigital boara development
B 154nk BPM 12 in ATF Extraction line showing bunches 2 and 3 kicked
015r -
o S ’ FBion
y Digital processor [ i
output a ol =
£
© =
005+ a2 3
i] ]-‘ i e | P
i 2 3 4 5 6 Toano FB|off
TR (§)Lur 1o o Annel s 2 3




:|n Laser-wire at ATF-EXT
o

6min 43s
40
1600 6=6.22+-0.18 um 354 & ¢ :
1400 = TE\ 30 EE
= 1200 - \m:} 54 ¢ {
§ 1000 = % 20 - EE X
£ 800 £ 154 e
< - L PN o
JAI,RHUL and KEK * *] . | 5 -
. g Galttarenel® . 0
|€d by Grahame Blall' . 0 ! ' ' 60 6l5 7lo 7l5 8lo 85
3.02 3.04 3.06 3.08 3.10

. QDAX (A) _

I M odify optical
sub-micron
laser waist size.
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i Future plans

= ATF2 project
= Fast ion Instablility study with flat beam
= Fast Kicker R&D

s Feed-forward to stabilize the extracted
neam

= High Intensity pol. gamma-ray generation
pased on Compton Scattering

2007/10/15 AnnecyQ7 15



,,'E ATF?2 Status for BDS R& D

ATF2 Project (34nm Final Focus beam line)
Status
*Optics&beam line design fixed.

eConstruction Schedule re-planed and fixed.
*Q-magnet from IHEP.
*Q-BPM from PAL.

*Electronics for Q-BPM from SLAC.

*High Availability power supply for magnet from SLAC,
IP-BPM under beam test. (KEK, KNU)

sLaser Interference monitor upgraded. (Tokyo Univ.)

2007/10/15 Annecy07/ 16



il
v . ATF2 Beam line layout
|

[ ATF2 beam line (2008 Commissioning)e==-EXtraction line L

maa

=g
L L ]
- - = ||'

\ IP~37nm i

PR |
T m— ] -

S R A A

Do wll

IP2¥AR R vertical size Annecy07 17
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ATF2 construction schedule

2006
10 11 12

2007
12 3 45 6 7 8 910 11 12

2008
12 3 45 6 7 8 91011 12

1

2009
2 3 45 6 7 8 910

ATF beam operation

ATF beam operation

ATF2 commissioning/Operation

Moving of Floor )
X-band, Crab  refurbishment Construction of extended area
Clearing for Partially construct Reconfigure the EXT area
new EXT line the new EXT line and connect it to extended area
" L1 L1 =
T | = |
bt E—t—Si—t i E—I—I-C = o E
. 1 AL ._.‘_._—-ll
% E: At Ar A AL AT -'_-._. —
P ﬂ : —
ol +az :
Oreos mlll o™ L
« ATF2 beam will come in October, 2008.
2007/10/15 Annecy07 18



* Inner'width; 5m-*

ile Area for ATF2, 15/0ct./2007

Floor refurbishment was
finished at the end of Sep.

Side: 1~1.5m thick, Top: 1mth|ck i |
' . * Moving shleld door © Side: Im,Top: 0.5m; I nner width: -3.5m*
2007/10/15 Annecy07 19



"lE ATF2 development Highlights

Q-magnet from IHEP Cavity-BPM for Q-magnet
(IHEP, SLAC, KEK) from PAL (PAL, KEK)
~ 30 magnets were delivered. ~ 40 BPMs were delivered.

2007/10/15 Annecy07/ 20



,",',{,‘ ATF2 development Highlights

for a bend

BPM electronics for cavity-BPM High Availability P.S.

(SLAC) for Q-mag, Bend and Sext (SLAC)
Unit was tested in ATF. 1 unit was tested.
Delivery in 2007. Delivery in 2007.

2007/10/15 Annecy07/ 21
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‘ Laser Interference Monitor at ATF2 IP( Tokyo Univ.)

INTERFERENCE PATTERN

Compton Signal

200

100 |

FFTB ~70nm -> ATF2 34nm
modification : Laser wavelength
fringe stabilization FB
new gamma detectoecyo’

Y

BEAM

1 _"v R | I 1 1 |

ol ] S N R | 1 |

—0.8 -0.4 0 0.4
Electron Beam Vertical Position (pum)

2007/10/15
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Shintake-monitor
resultin FFTB

ATF2 development Highlights

[ Mod.depth vs. beam size|

o ©
oo w0
|

&
5
i}

(2]
\
_~

(=] (=] (=] (=] o
W -9 (4]
\ | |
>
Ll

Modulation depth

T b b h b
| TTTT[TTTTTITTITTITT

1064nm laser

~
E 532nm laser
sE O\ \(\

FFTB result (70nm)

0aF- \\
£ ] BRTln

el e (e B ey
0 20 40 80 100 120 140 160 180 200
Beam size [nm]

Shintake-monitor from FFTB



Posssible

(D

location for Fast lon Study

v « N1 ~& 2007 /Mar/02 N.Terunuma, KEK

er . N, elC.

iy R I~

I NhA
et ol lidl

§

o

N Aacl
LGas |

L aser wire monit

I I II_ T T : ; I Ls
kN = E £ I— ‘ I
X-SR Monitgry - o=t ===
s : FETE g B
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Possible location of Gas inlet chamber for fast ion study

South strarght section of ATF damping ring
2007 /Mar/02 N.Terunuma, KEK

To make good pressure bump

Use the existing chamber

QM14R Or prepare new QM13R
PrEp Beam
e o zif'-?ls I" ““I :Ii?ia ‘.-EE;: knpag o lnpung vive T :‘E' }r___ﬂ}
oG
I L[+
| ’ll ! 11 4| - | | | | | ‘
| 1840mm
We can move here We can move here
- _ Remote
if need. Gas inlet control? if need.
: Flow control valve
Valve
L&
From vacuum gauge, ' I
we eval uate the Gauge kan Purmp Gauge Gauge lon Pump Beam Sees 24mm
pressuredistribution Vike Valve d!amet_ﬂ] beam .
reCI%I Tirta Pump{ 3001s) Turbss Pumpd 300175) pl pe WI pumpl ng
P Y- : A dots.

Rough pump system Raugh pumg system
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Detailed Experimental plan

+

Measurement of vacuum pressure and the main
components of gas species.

Effects of pressure and bunch current:
With different pressure conditions (2.0x10 Pa
In pressure bump) by injecting nitrogen gas);
With different beam: 1 train, N of bunch =2~20,
5x10°~2x10%%/bunch
Gap effect
repeat B with 2 and 3 bunch trains,
repeat B with different length of gaps.

repeat above with a different emittance
(emittance ratio :changed by skew quads from
0.5% to0 10%.)

2007/10/15 Annecy07 25



,'Ip Multi-bunch Beam extraction design for
o Future Kicker Tests at

gféﬁiiﬁ? or gg guncﬁcs or
Multi-bunch Beam extraction by using _ “ e
srip-ine kickers and pulse bump orbit | e[l ]I} ][] Jll]
system was designed, which can extract e
up to 60 bunches with 154ns bunch 154ns
| installation of the 303ne
strip-line kicker is not enough at the ATF 46205
septum region. So the kick angle of the
strip-line kicker is not enough to make Bunch spacing
the beam extraction or bit. at Ext Line
154 or 308ns
[ Bump magnet 60 bunches with 154ns spacing or,
. e . I : 30 bunches with 308ns spacing
ZHOR QME | e ny ome Seplom QT Qe AM9

Iﬂgm:ml = —‘_—. ] I'J : (LTI A new design uses pulse bump

magnets and a thin septum magnet

QM . : .
Dm12m, .oom :
D=1gmm o Circulate to help making the extraction or bit

—— , This design makes a bump orbit
0 dooum mog 4T -08mrad - Beam orbit - after beam damping, then each
- o %_ 1t o ~|  beam is extracted bunch-by-bunch
‘% - by the strip-line kicker.
New septum and a " slow" orbit
i bump would allow fast extraction
105mrad using two 30 cm strip lines, driven
16mm by £10kV pulsers.
AT Extracted Designed by
2007/10/15 S AnnBe%%'} orbit TNato(KEK) ¢



"IE Feedforward to Extraction Lineto supply stable

and very flat beam : Establishment of position
stability 1Jum (rms) and 10prad vertical
emtttance-at EXT until end of 2007.

Layout of KEK-ATF Extraction Line

nm Fast
: Eeed lj&é!gn \ Extraction kicker
s 1

I MILE 3
et By s P j 4l N ( 2nd kicker ) Extraction kicker
4@_4(?\% S ( 1st kicker )

/ MM1X amping

MMsX / / MM2X Damping
MM3X

- ML2ZX = - : - s
MM4X Ring Septum 6‘\

um Feedforward ( DR BPM -> EXT Line new stripline kicker)

Cavity BPM (MM1X-MMSX)

sensor cavity
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i Present orientations

= |ncrease bunch charge to 2x10%,

= Maintain vertical emittance 4pm or achieve smaller
one.

= Find and reduce coupling source around extraction
area.

= Reduce orbit jitter.
= Establish quick and precise beam profile diagnostic.

s Increase number of bunch/train for multi-bunch/train
operation at ATF2.

2007/10/15 Annecy07 28



il Prospect of ATF

i ATF International R&D will generate

necessary results for ILC, especially how to
control high quality beam, develop many
kinds of advanced instrumentation,
educate young accelerator physicists and
engineers.

= ILC like beam which means 30 bunches
with bunch spacing 308nsec, In the future.

= Realization of 34nm beam for long period.
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