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ATF talks @ LCWS12

Status of the optical cavity R&D at KEK-ATF
Tohru Takahashi - Wednesday 9.45

IP Feedback tests at ATF2
Philip Burrows - Wednesday 11.45

Ground motion feedback for ATF2
Yves Renier - Thursday 9.50 (webex)

Development of nanometer electron beam size monitor
Jacqueline Yan - Thursday 8.30 (webex)

Beam Dynamics Studies at ATF2
Toshiyuki Okugi - Thursday 15.00 (webex)

Progress and future of ATF experimental program
Junji Urakawa — Tuesday 8.30 Thursday 16.00



Accelerator Test Facility @ KEK
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Parameters ATF2 ILC CLIC
Beam Energy [GeV] 1.3 250 1500
L* [m] 1 3.5-45 3.5
Y&y, [m.rad] 5E-6 / 3E-8 1E-5 / 4E-8 6.6E-7 / 2E-8
IP B,/ [mm] 4/0.1 21/0.4 6.9 /0.07
IP 1’ [rad] 0.14 0.0094 0.00144
8¢ [%] ~0.1 ~0.1 ~0.3
Chromaticity ~  / L* ~ 1E4 ~1E4 ~ 5E4
Number of bunches 1-3 (goal 1) ~ 3000 312
Number of bunches 3-30 (goal 2) ~ 3000 312
Bunch population 1-2E10 2E10 3.7E9
IPc, [nm] 37 5.7 0.7

ATF2 =

0,9,

v’ scaled ILC FFS
v’ start point of CLIC FFS
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Main BDS issues addressed by ATF/ATF2

validate concept(s), develop, practice, train,...

e Beam instrumentation

- nm-level position
- profile (x, v, tilt)

(° Stabilization

- passive / active mechanical stabilization
- beam / vibration measurement based feed-back/forward

e 4+1 dim. phase space tuning & control for IP
spot minimization

- emittance minimization via radiation damping
- mitigation of 1%t, 2"d and 3" order optical aberrations
=== - convergence time <> dynamical errors (sismic & thermal effect)

e Halo control

- modeling, generation, propagation, monitoring...
- collimation (physical, optics)



ATF / ATF2 Goals

J Very small damping ring vertical emittance
- from ~10 pm - 4 pm (achieved !) 2 1-2 pm

J Small vertical beam size “goal 1”
- achieve 6, ~37 nm (cf. 5/ 1 nmin ILC / CLIC)
- validate “compact local chromaticity correction”

[ Stabilization of beam center “goal 2”

- down to~2nm
- bunch-to-bunch feedback (~300 ns, for ILC)

J R&D on nanometer resolution instrumentation

 Train young accelerator scientists on “real system”
- maintain expertise by practicing operation
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Great Eastern Earthquake — March 11, 2011

Nobuhiro Terunuma (KEK)
Facility Outside Damages

% Since there is a big
earthquake in the northeast
Japan, and it also has some
influence on KEK and ATF.
The ATF building still looks
fine, but facility outside
damages, and will be
expected to recover in June.

Beams recovered in June !
= but ~9 month delay in ATF2 program...



Alignment of the ATF2 beamline

ATF2 floor (2007/10)
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X o 2011/May: temporary alignment for a test beam
w7011 /Sep: first alignment

7
' Results of the survey (magnets) 4

* Alot of magnets slid about several mm by earthquake. W
{ * |t was found that the distance between North to South section ;
was 1.5 mm wider than the design. When??

f?‘;" * The design was updated by including the north to south

' difference and keeping the original circumference.
DR was re-aligned by using this new design.




ATF2 operation & instrumentation R&D
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Nano-meter Beam Position Monitors

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

on mover

C-band

C-band BPMs on mover C-band BPMs h
| oo L
\ S-band BPM system C-band BPM system

IP BPM system BPM cavity: 34 units
- BPM cavity: 4 units Y. )
(BPM + Ref) Cavity Y Reference cavity: 4 units

: Ref. cavity: 1 unit .
1 unit Target 'y100 am  largetresolution: 100 nm
Target : 2 nm ' Aperture: $20 mm

Aperture: 6 mm(V) | p?rture: $40 mm

after blazing

SMA
connector

Achieved resolution at ATF Proto-type

8.72 +-0.28(stat) +-0.35(sys) nm Achieved resolution
@ 0.7 X 1019 electrons/bunch, 15.6 nm
@ 5 ym dynamic range @dymamic range £=20um

[Y.Inoue et al., Phys. Rev. ST-AB 11, 62801 (2008)]



Operational status of the ATF2 Cavity BPMs

C-band BPM

It is in the steady operation for ATF2.

Achieved Resolutions:

e 200 nm for typical BPMs with 20 dB attenuator to realize the
wider dynamic range (~¥10 mm) for ATF2 tuning.

* 50 nm for BPMs w/o attenuator

e 27 nm was confirmed when BPMs are carefully tuned and a
beam is well centered.

The Cavity BPM on ATF2 demonstrates well the target
resolution of ILC, 100 nm.

102

S-band BPM B;“r:'?gﬁ;l?;ﬁ';d
It needed only for the ATF2 large a {
aperture final doublet. Not for ILC. 5
Present resolution ~ 1 pum i
IP-BPMs o TP el Y
Trial installation: ~several 100 nm om  —>

-2
10 0



Online Dispersion Monitoring
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Nano-meter 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
Laser wavelength

Optical Delay Line (1064 = 532 nm)

A<~ , Scattered Photon
‘ Gamma Detector

\. -S\g{é; :_:_-.:}]
Bending Magnetr\/\',\}\”‘“
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Laser Interference Fringe Monitor for ATF2

Measureable beam size
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Tuning the ATF2 vertical beam size

®— December 2010 Data
1000

Vertical Beam Size in nanometre

100
.......... Qy........ n ....... T ............. ...................................
V0 B 322..()( ....... Ol T326n
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Tuning Knob lteration Step
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stably measure oy* ~ 160 nm
(10x B,* 3 x B,* optics)

2012.2.23 data, 30 degree mode, 10points/phase

; +

M =0.52 £ 0.02 (stat)

oy = 166.2 = 6.7 (stat) [nm]
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i5

0

2-8° mode

Measured larger oy (~few 100 nm )

with clear contrast
(i.e. high M : 0.8 - 0.9)

=» Syst error study
v upper limit on M_meas
v' consistency of oy_meas

IBIC2012

o

mode

X}] Began commissioning of 174

~ hardware check

~ Optimization of scan strategies

Obstacles (2012 Feb)

*Beam condition drift (over many hours)
*Not very focused ay* (still at 3 x B,* optics)

one more step before full commissioning of
74 ° mode i.e. consistent fringe scans
. 1




Laser Interference Fringe Monitor for ATF2

2-8° mode
Spend most beam time in
2010~2011.
* beam tuning down to 300 nm
* commissioning of the fringe
monitor
 beam size ~ 300 nm

30° mode

First modulation was detected in

February 2012.
e beam size 165 nm

174° mode

Modulation is not yet detected.

* Need improvement on the split
laser handling (crossing angle
control) in summer.

Summer 2012 upgrades & partial redesign

Improvements on the fringe monitor

Damage =2 laser spot size optimization vs
Compton Signal

pointing stabilization = BeamLok device
profile improvement . laser cavity exchange

.H6t Spot: :
Laser crossing angle contro
vl

ower mirror



Beam halo and BSM background issues

Measurement of S/N as a Background simulation
function of B% as a function of B%*y
IP-BSM S/N by BDSIM, G.Hayg, FJPPL, May 2012
5 Total E, _ (GeV) on Shintake
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final doublet beam pipe under study...
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Issue of magnet field quality

Unfavorable low energy scaling = tolerances at ATF2 tighter
compared to ILC or CLIC

QDO and several FFS quads have large anomalous skew sextupole
QF1 has significant anomalous skew dodecapole

Affects vertical beam size, especially for the reduced B* regime
relevant for CLIC FFS demonstration

Mitigation

Operate ATF2 with increased horizontal B*
- presently 10 x Bx and 1 x By are used

e Replace QF1 with very good quality PEP Il guadrupole (imminent)
Additional knobs to control higher order aberrations using FFS
normal sextupoles and four newly installed skew sextupoles

* Swap “bad” <> “good” FFS quads =2 too disruptive, not now...
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Tolerances for Multipole Errors for Final Doublet
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Tolerances of Sextupole Field Errors for FF Quads

Tolerance for Nominal Optics ( Normal Sextupole Field )

n3n/nz
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Nano-meter Beam Position Stabilization

Oxford / KNU / RHUL / KEK

One of the 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 BN

as the vibration of magnets.

Kicky

FONT1~FONT3 FONT4 & FONTS5 (ATF2)

Analogue feedback system for very Digital feedback system for long

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

sophisticated algorithms

Latency FONT3(ATF) 23 ns.
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Preparation for the nm-beam position stabilization

IPBPM+FONT

New vacuum chamber

FONT-kicker Precise positioning of IPBPM
triplet. Fabrication at LAL.

Installed near the ATF2-IP, Full setub will be
Tested in June 2012. P .
assembled at IP in

early 2013.
IP
I
{90 N IPBPM ’P y
Do T

IPBPM

Triplet of the Low-Q cavity BPM. Fabricated by KNU.

Sensitivity tested at ATF LINAC.
Readout electronics tested at ATF2.




Recent progress towards “goal 2”

Focal Final Focus System Extraction Beamline
Point
Straightness Monitor Intra-train feedback (FONT)
Laser Interference Fringe Monitor
\ Wire S
IP-BPM(future) re seanners
‘E’i'\' . R ‘{14-]:\ |1+ﬂﬂi—FDI # +H—4 # o4 L + - Pt e B -l L | .
e ST C-band BPM C-band BPM \ OTRs \ C-band BPM M Fast Kicker
/ \ Beacr)rrlb teﬁg aréa  puised Laser Wire o \
Wire Scanner  Final Doublet ol S e A
S-band BPM /;- Damp|ng R|ng a0

A7

New IP chamber being built in Orsay to house ‘Shintake’ BSM and new set of lower Q high
resolution cavity BPMS from KNU

* Expected to be installed early 2013

Meanwhile, new kicker installed near IP. Use existing higher Q IP-BPMs (with the vertical waist
shifted) to investigate:

» Effect of the upstream FB system on IP stability (ultimate performance of upstream
system)

* Feed-forward from upstream BPMs (eg P2 & P3) to the IP kicker
* Local FB correction (problem: no independent monitor of the FB performance on beam)

Check whether any significant jitter at IP originates from motion of final doublet



Concluding comments

ATF/ATF2 unique as R&D facility, especially for instrumentations
Invaluable training of early stage accelerator scientists on “real
systems”, in collaborative, flexible, yet competitive environment

Extraordinary support provided by KEK and ATF staff as hosts
Exemplary speed of recovery after major earthquake

Excellent results on performance of new instruments and control
methods, especially BPMs, profile monitors, feedback for “goal 2”
- this is what our collaboration does best...

Regular (but slower) progress toward “goal 1”

- Focus reliably oy < 40 nm, maintain over long time

- Validate Raimondi-Seryi local chromaticity correction scheme
.... is experimental tuning of such a system more problematic ?

=» premature to conclude at this stage...
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Special “goal 1” challenge at ATF ?

1) NEEDS all components of the entire facility to operate reliably, and all at once =
not easy when key elements treated as projects for students who “learn by doing”

2) NEEDS stable & continuous centrally managed operation as for “luminosity” in
facilities operated for users, not a succession of user defined independent R&D

3) NEEDS full community support and priority :
- more joint publications
- dedicated common funding sources
- more coherent integration and management of collaborators

Prospect for coming runs

Attempt to apply model of HEP experimental collaborations to
organize “goal 1” dedicated continuous operation for N days (N>5)
12 “students” volunteered from R&D groups, trained as “operators”
* A senior KEK accelerator physicist (K. Kubo) has accepted to act as
overall leader, to develop more central planning and coordination




Stay tuned for our progress at
ATF/ATF2 in 2013 |

Thank you for your attention !



Additional slides



For Goal 2 :
Preliminary result of IPBPM

PhD thesis, Younglm Kim (KNU)
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A diagnostic section

Data taken three shifts in three
weeks in November to December,
2011, i.e. 1shift/week and 8h/shift

Published resolution :

8.72 +- 0.28 (stat.) +- 0.35 (sys.) nm

Y. Inoue et al, Phys. Rev. ST Accel. Beams 11,
062801 (2008)




Required precision on relative IP-BPM scale factors
depends on beam parameters

1 2 IP 3
d~0.1m
_______________________________________________________________ i e, ~12 pm
{ d + ¢ G\;itter/c"‘lo%
Op=(y,—vy,)/d £ = calibration error of 1 relative to 2
Yip=2Y,—V; 2 2y,-y1 ~ Ypt+2£6d

B~1m (e.g.diagnostic section)
Oiter ~ (€ / B)°> d (Ojiyyer / ©) ~ 107 rad = £~ 10 for 1 nm error
B~10%10°3m (interaction point : nominal 10 x optics)

Oiitter ~ (€ / B)°> d (Cjrer / ©) ~ 107 rad =» £~ 10 for 1 nm error
&~ 103 for 10 nm error
&~ 3103 for 1 nm error



Targets’ holes for

surveyor measurements
(4 holes per flange)

Downstream side

New IP Chamber

- External references bring
IP Chamber axis, vertical
and horizontal planes

4 External (manual) movers to
adjust IP-Chamber position

Large aperture
viewports / windows

2 Shims holders

Sandry Wallon &
Frédéric Bogard (LAL)




BPM displacement

BPM tripod 3d motion test piezo actuator
(Bruno Leluan) (Cedrat APA200M)




