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Challenging goals for ATF/ATF2

An important technical challenge of ILC is the collision of
extremely small beams of a few nanometers in vertical size.

ATF/ATF2 will address the development of the techniques for
following issues:

* achieve the small vertical emittance
i.e., ATF-DR 4 pm—> 2 pm or less
« achieve the design vertical beam size at the IP; 37 nm

» stabilize the the beam position in a few nanometer level
at the IP.

The ATF international collaboration is strongly promoting
these activities.
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KEK Accelerator Test Facility (1.3 GeV)

ATF2 beam line (Jan.2009~)

Photo-cathode RF gun
(electron source)

S-band Linac
Af ECS for multi-bunch beam
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Instrumentation for ATF2

Beam Size Monitors

SR Interferometer

X-ray SR monitor

CW laser wire

Solid (W,C) wire Scanners (meas. for 2um or
more)

Laser interference fringe monitor (meas. for 20nm~5um)
Pulsed Laser wire scanner

Optical Transition Radiation monitor

Rwdbnr

NSO

Beam Position Monitors
1. Strip-line BPMs
2. Upgrade of DR BPM readout
3. Cavity BPMs (circular, C-,S-band, resolution 100nm)
4. IPBPM (rectangular, C-band, target resolution 2nm)

Beam Feedback
1. Intra-train fast feedback (FONT)
2. Fast Kicker
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Typical beam structure for ATF2

(1) Single bunch operation
~1x10% e/bunch, 1.56 Hz; (max. 2x1079, 3Hz)

(2) Multi-bunch operation
(Single bunch) x N

(2-1) by a conventional kicker (2-2) by a fast kicker
1~3 bunches, 154 ns spacing 1~30 bunches, 308 ns spacing

02
i 154ns spacing

-04
0.6

os | 30 bunches extracted from DR
(308 ns spacing)

gL

BPM Signal
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Beam Size Monitors

Laser Interference Fringe Monitor
Multi-OTR monitor
Pulsed Laser Wire



Nanometer Beam Size Monitor

Univ. Tokyo / KEK

Beam Size Measurements at ATF2-IP
- Solid (W,C) wire Scanners (meas. for 2um or more)
« Laser interference fringe monitor (meas. for 20nm~6um)

FFTB ~70nm(measured) -> ATF2 37nm(goal)

Laser wavelength
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Laser Interference Fringe Monitor for ATF2

Measureable beam size
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Measurement of the vertical beam size

at ATF2

®— Deceméber 2010 Data

1000 gy ‘/ """" e sl We are going to 30 deg

- e mode for the measurement

............................................................................................................ smaller than 300 nm.
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Multi-OTR Monitor at ATF2

Point

IFIC (CSIC-UV)/SLAC/KEK
lﬁ@’ \E .

\ Beam test area

Final Doublet

OTR (Optical Transition Radiation) monitor
developed at ATF demonstrated the ability to
measure a 5.5 um beam size in one pulse.

Multiple OTR monitors for the ATF2
*Realize the fast emittance measurement
Four OTR monitors with the Wire Scanners
«Improved resolution of about 2 um

*Aluminum or Aluminized Mylar target
Installed in summer 2010
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OTR Monitors at ATF2

One shot beam size Measurement
« Fast emittance measurement
« Fast coupling correction

Before
Correction

For example: coupling correction
 Wire scanner needs 0.5~1 hours
e  Multi-OTR need a few minutes.

—h{atui / Calculation Dat:
alpha = 39246 +- 0.1004 ( 2.5763) =
chisq/M = 0.4676 . -
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Pulsed Laser Wire monitor

JAI(RHUL,Oxford) / KEK

Develop a system capable of reliably
measuring an electron beam of order
one micron in vertical size with a
non-destructive method.

ILC design requirement:
< 1 um laser wire scanner

etcr a7 A Results at ATF extraction line

[] smallest beam size (2008)
f 0, =3.65£0.09 pym (convoluted)
“---[ ] Power meter -
Collimating I 14000 aIW 2.2 -_I- 0.2 ”m
lens ! Electron beam c ]
<;'_'> Detector 5 12000
. . 43 &I » I %, 10000
= £ s000-
BPM FFlens BFM : Compton x-rays 5 BDOOE
_% Dipole magnet 2 6000:—
% 5 2 40001
Scanner . S 2000:_
. Laser light S‘ c —
A laser beam is focused with a specially o o RN
designed /2 lens system. Position [ pm]
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Upgrade of Laser wire monitor at ATF2

JAI(RHUL,Oxford) / KEK

The system has been re-commissioned in the ATF2 after the re-location.

Improvement for ATF2

inclusion of an OTR target in the system for collision optimisation
and cross calibration.

Studies will be continued to find resolution limit on this system and
to make more efficient and reliable system by a fibre laser.

Zasid |
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MW2X : ﬂl; 35 ® Experimental data
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Beam size scanning by Beam size scanning

: LW-OTR at ATF2 by LW at ATF2
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Beam Position Monitors

Upgrade of the DR BPM system
Cavity BPMs for ATF2 beamline
Cavity BPM for ATF2 IP



DR BPM Upgrade for < 2 pm emittance

ILC requirement:

FNAL / SLAC / KEK

low emittance beam (¢, = 2 pm) at 2x10"? e-/bunch

Vertical Emittance

8.0 — ———— .
[| ® vy emittance (run B) S|ng|e bunCh
| A vy emittance (run D) )
7.0 oo simulation (0.4% coupling) mmnmT]
é—| : ) . ___.-"- +
6.0 O A |
';' F .."" +
o | “
g >0 ﬁ #
5 a0[ et +ﬁ:
> I l T ]
3.0 [ ATF-DR -]
: 2003 '
2.0

0 210° 410° 610° 810° 110"
bunch intensity [electrons/bunch]

A major tool for low emittance corrections:
a high resolution BPM system

« Optimization of the closed-orbit, BBA,...

* Correction of non-linear field effects,...
i.e. coupling, chromaticity,....

The new readout system for the DR BPMs
has been installed in May 2010.

The position resolution is improved less
than 1 um.

More challenge to reach ~1pm will be
tried.

 Magnet re-alignment, < 30 pm.
2> ey ~1pm
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DR BPM Upgrade for 2 pm emittance

The original read-out system designed for m ;‘
the single path position measurement Nz Downfmlx & iir

has a 10 um resolution. Calibration g;

e

Upgraded BPM readout system: — :
Utilize analog down-conversion and digital e

signal processing techniques
«automatic gain-correction LO & CAN-bus '
Distribution ln :

New functions for optics analysis =3

*Broadband turn-by-turn mode (< 10 a ﬂ 7"‘3
y ( | //

Mm resolution)
« Injection 1,000 turns New Timing Module /’
- Extraction 64 turns & Custom Digitizers

*Narrowband mode with high

resolution (~ 100 nm range)
« 160 ms, 500,000 turns after injection

Further investigation for the system
completion is continued.
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Example: DR BPM Upgrade Studies

PAC’11, NY, March 30, 2011
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Results of Cavity BPM prototypes

Cavity BPM: KEK/SLAC /LLNL
« strong signal, possible to reach "nm"
resolution
» better mechanical rigidity and reliability of the
electric center BEMI  BPM2  BPM3
Metrology Frame

Two R&Ds with the prototype cavity BPMs has
been done until 2008 for ATF2. Mounting Flexures:

Radial, longitudinal

Alignment
Frame

They have proved position resolutions
smaller than 20 nm.

* - - =3
=) L | " I s . -
L B - | E o En |
(i LD | 1 o L = i - [
olan L s, s ", ol * - -
. r by - M - B
: - o) = — y
el P e g "-; o [ I r iw
{ e " ’ 2 . y .
\ %) i e Y .
| s ~ e .
B ! 1 [ — . | [
\ : e i I
| i
-

'OV
NanoGrid metrology
frame and
N Carbon fiber
» metrology frame
<

BPFM 2, y Residuals

B, =, o :
n of residual (meas.-prediction) 5 MCh Ieved
RMS =21nm H
= sensitivity calibration (resolution=17nm) reso I Utlon
: 1 step of the mover = 316 nm 1 5-6 nm
! fringe size of an optical interferometer) .
: : = (ring | 316pnm .ﬂll 316)nm I @dymamlc
Active stabilization with Il range
optical interferometers : NI IR +20 um
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ATF2 Cavity BPM system

KNU /PAL /KEK/RHUL / SLAC

[ '\\ /

C-band BPM system

IP BPM system SRl RO A BPM cavity: 34 units

- BPM cavity: 4 unit
(BPM + Ref) ?awt}t/ Refci‘;'vﬁy_ 1”3:13 Reference cavity: 4 units
uni ’ )

: Target resolution: 100 nm
: T t: 100
Target : 2 nm A eratrgri. 0 nr:rr: Aperture: $20 mm
Aperture: 6 mm(V) __Aperture: o4

after blazing

SMA
connector
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Present Status of the ATF2 Cavity BPMs

C-band BPM
20 dB attenuation, most of C-band BPMs to widen the dynamic range

Resolutions:
with 20dB att. ~ 200 nm
w/o 20dB att. ~ 50 nm (well centered beam w/o saturation - 27 nm)

S-band BPM By S. Boogert (RHUL)

Resolution ~ 1 um
Jitter subtracted calibrations
Cavity frequency correction
Amplifiers were not sufficient.

IP-BPMs
Just installed to assist the
small beam size study.
Not yet well calibrated!

Further investigations
are continued.
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Cavity BPM for the focal point (IP)

Goal resolution: 2 nm KEK/KNU/SLAC /RHUL

Provide a direct demonstration of beam position stability
» tracks the beam trajectory during beam size measurements to
correct the effects of position jitter
« produces a feedback signal to stabilize the beam orbits of the
following bunches.

coax. cable

Wave Guide

Rectangular shape: Main Cavity \
isolates two (x,y) dipole mode \ \T/)

Thin cavity: Y =1 v
reduces the sensitivity to trajectory H - Coupling Slot
inclination. / ‘ v

Beam Pipe - X/“

Achieved resolution at ATF ‘, ‘V

8.72 +-0.28(stat) +-0.35(sys) nm
@ 0.7 x 1019 electrons/bunch,

@ 5 um dynamic range
[Y. Inoue et al., Phys. Rev. ST-AB 11, 62801 (2008)]
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Low-Q Cavity BPM for multi-bunch beam

KNU / KEK / RHUL / Oxford
low-Q BPM: to enable the bunch-by-bunch position measurement for the
multi-bunch beam with bunch spacing of 154 ns

easure Waveform

200/ @ 200/ @ 100w/ @ 2008/ . 172.02 100.08/ Trigd t @ -126¢

\
4
»
T
Level
-
-
Analeg
Select
z -
"~
-
Incnsty|
-
-
Eatry
Knab
2
(<3

- Sensitivity:

- eLow-Q
20p e Oprototype

150 -

Bunch-by-bunch signal separation
for the 3 bunch beam, 154ns spacing

Improvements on the readout electronics
- have been continued to achieve the 2 nm

resolution. :

L S Nanometer stabilisation

- (IP-BPM + FONT feedback)
PAC’11, NY, March 30, 2011 N. Terunuma,

100 -

50 -

KEK ATF Beam Instrumentation Program
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Beam Feedback

Intra-train fast feedback (FONT)
Fast kicker
Pulsed Laser Wire



Beam Stabilization at the ATF2-IP

Oxford / KNU / RHUL / KEK

Challenging goals for ATF2

2. demonstration of the stabilization of 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
the interaction point of LCs.
« Correct the impact of fast jitter sources
such as the vibration of magnets.

BPM

FONT1~FONT3 FONT4 & FONTS (ATF2)

Analogue feedback system for Digital feedback system for

very short bunch-train LCs. long bunch-train ILC.
allow the implementation of more

sophisticated algorithms

Latency FONT3(ATF) 23 ns.
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FONTA4: first digital intra-train feedback

Gain = 1700, feedback off

250
bunch 1
\ \ 200 bunch 2
bunch 3

150

100

=
=
3 bunches, BPM ;§ 50
154ns 3 = 5. Bl [‘w.,{
spacing = I
2 =sof Jf”" o g LJ
",! Wy fL { 1&-1 \‘\."I *lJ
S Feedback off
Analogue BPM i
processor -as0 P
,200 i i 3
o =0 100 150

pulse number

Beam Bosmon VS. Eulse number

ain = A back

—————

bunch 3 steered to an
arbitrary vertical position.

Extracted beam from DR <vu
, I-D“HIS spaciny . E 150 s
s [ . o ig P A r"')"-‘w-,'~"’" v it ks P
3 Shift the beam positions R h
';%‘ -0.4 . % 50
dipole to simulate the i | ¥
. -n ' l»' \ ‘{ {
. possible beam jitter etc. =0 [P L, J',,..ﬁ.ryw L
3 bunch
" 500 400 Hnches, 800 1005 50 100 150

pulse number

154ns spacing
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FONTS5: intra-train feedback at ATF2

10 I I I T T T T
b T s FONTS5 P2 - K1 FB-loop
B_ ----- ﬁ;CkerIQDlOX QFIIX §I2Cker ODIZX_ ------- =;/I\BP’M . (February zEgm]Iedolat)encyfromﬁtlodata=133,5ns
| : : | | ‘ Skew QUAD 0 R

I DIPOL CORR
m— heta X

beta [m]

m— beta y "

“ : 133ns

i Ny  Latency

Change in position (microns)

FONTS Feedback Board

DAQ

FONTS system

« flexible configurations
two kickers and three BPMs

« coupled feedback system of two
loops correcting both position and
angle jitter in the vertical plane st 2nd 3rd

Position (microns)

Bunch
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Beam jitter reduction by FONTS

Results of P2 - K1 loop (measured)

(April 16 2010)

Bunch 1 Bunm 2 Bunch 3

- 100
[ R -Off 2.2um
I O 0.4um | sl B o 0.82um ||

-Off 2 1pm
anl I o 2 2um ]

Offset {microns i ~ Offsetrtr]1 |||||| ’ " ) Offset mmmmmmm
21um - 04um - 08um
I FB OFF: jitter 14.7 nm
* Il B OFF: jitter 14.7 nm | FB ON: jltter 2.6 nm

Assuming perfect lattice, 0| | MENNFB ON: jtor 2.6 m
no further imperfections (!)

Jitter cdmparison
at IP (simulation)

FONT + IP-BPM

0
-0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
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Strip-line kicker for multi-bunch extraction

The Injection/extraction kicker for ILC-DR has a very special
role.

» |t act as a bunch-by-bunch beam manipulator to compress
and decompress the bunch spacing into/from the DR.

It requires a fast rise/fall time (3 - 9 ns) and a high
repetition rate (6 - 2 MHz).

A beam extraction experiment with a prototype strip-line
Kicker has been carried out at the ATF.
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ATF beam extraction by Fast Kicker

Wire Scanners // + bump orbit,
. ————s aux. septum
C-band BPM OTRs \C-band BPM Fast Kicker

Pulsed Laser Wire

Two sets of (+10,-10 kV)

Kicker pulse strip-line kickers

10 kV om [ I .
3 MHz tl D
Rise time /concrete shield ,
1'5 ns Trigger PPS(+}—| PPS(+) ﬂ 6m long cable:

—l-| Delay

Delay

PPS(-) PPS(-)
Delay

7. Lida  RISE time <5 ns
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Stability of the Fast Kicker

Kick Angle Stability

o— ~ Kick angle stability was evaluated by using the
' _= owsu3f - cavity BPMs at ATF2 beamline.

RMS 1.05 urad/4.6 mrad
= 3.5x10+

It still has a jitter due to the timing jitter.

35 F

30 b RMS=1.05 prad

25 |

20 |

Counts

15 |

10 |

|+ Satisfy the ILC requirement
o2 o0 L2 2o Comparable to that of the double kicker

Angle (urad)
_ Peak channing system of ATF; two conventional Pulse Kickers
with phase advance n
Stability of the ATF double kicker system
o e 2.8x10
“ 200ps (Ref) Stability of the single kicker configuration
2 0 i 9.4x10+

9.8 10 0.2 104 106 108 11 12 114
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Demonstration of Multi-bunch Extraction

ATF2 beamline Intra-train feedback (FONT)

Wire Scanners £
| ast Kicker

/

C-band BPM OTRs \C-band BPM
Pulsed Laser Wir o

4 amping Ring

October
, 2011
,I,:' l'l.
... ... MO
i 30 bunches extracted from DR
3 trains in DR (308 ns spacing)
(10 bunches, 5.6 ns spacing) By T. Naito

Bl ioomvVa Mab.ons’ A Chl "\ -134mV
omV O s 2070
11710

- s e B
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A variety of beam instruments have been developed
in ATF/ATF2.

The readout of the damping ring BPMs are upgraded
to realize the 2 pm vertical emittance.

The cavity BPMs with a nanometer level resolution,
the beam size monitor based on the laser
interference fringe and the fast intra-train feedback
system are essential tools to realize the challenging
goals of the ATF2. These systems are working well.

ATF/ATF2 requires these complex instruments to
operate continuously with minimal intervention to
realize.
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Thank you for your
attention.
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