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Talk introduction

® ATF/ATF2 facility

® Extension to the ATF damping ring
® Main test facility for ILC/CLIC like beam delivery system

® Goal 1 : Vertical beam size of 35 nm

® Goal 2 : Stabilise beam vertically to few nm

® Diagnostic instrumentation

® ATF2 is extremely dense with novel/performant
diagnostics systems

® WP9.4 funding activities : Feedback on nanosecond
timescales (9.3.7), laser-wire transverse emittance
monitoring (9.4.3), cavity beam position monitors (9.4.2)



Instrumentation at ATF2 (WP9)

Cavity Beam position monitor systems (KEK/SLAC/JAI) ~40, 50 nm
BPMs

Interaction point beam size monitor (KEK/Tokyo) Aim to measure 35
nm beam size

Optical transition radiation monitor (KEK/SLAC/IFIC)
Micron scale optical transition radiation (KEK/JAlI @ RHUL)

Laser wire system (JAI@RHUL/Oxford) Aim 1um beam size
measurement

Feedback on nanosecond time scales Digital feedback on 300 nm
timescale

Background monitoring (LLR)

Interaction point BPMs,

® High Q (KEK/KNU)
® Low Q (KEK/KNU)

Tilt maonitor (Tohokir 1iniver<ityv) R?x’ra’rad mononole cavityv



Accelerator Test Faclility (ATF)

® Photo-injector gun
® S-band 1.28 GeV linac

® ~400 m length radiation ramping storage ring (X-ray and laser-wire
emittance)

® Low emittance extraction and transport to ATF2
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ATF2 Overview (instrumentation)

IP region BPM test area
4 BPMs, IPBSM) (high-Q, Ilow-Q, tilt)

|

- I
S-band BPMs  C-band BPMs (movers) LW Strip line/Cavity BPMs
(movers) (rigid)
WS/OTR

® Very dense with instrumentation

® 2 independent emittance diagnostic systems (3 axis wires scanners :
projected emittance, OTR : full emittance)

® 2 independent interaction point systems (BPMs, IPBSM)
® 41 Cavity beam position monitors (almost every quadrupole)

® Test areas for development



Cavity position monitor system

IP region BPM test area
(4 BPMs) (high-Q, low-Q, tilt)

S-band BPMs  C-band BPMs (movers) Strip line/Cavity BPMs
(movers) (rigid)
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Cavity BPMs in one slide

Dipole cavity, signal Dipole mode selective Simple single sideband down-converter
proportional to g*p

Digitised signal
Decaying exponential
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Cavity
BPM

IF~25 MHz, 100 MHz digitisation

Mixer
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BPM Resolution (2011-02-02)

bpmAllLog 20110202 035952

® ATF beam

jitter 20% of
beam size

® ~ 10s micron

® Use
PCA/MIA/SVD
to determine
position
correlation
between

BPMs, based

5w » 3 3 a0 4 ©on 900 pulses
BPM number
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BPM Resolution (2011-02-02)

bpmAllLog 20110202 035952

o 107 ;
Lines indicate — X
cut, at which i y SFs, Large BBA offset
BPM is labelled §
bad |

attenuators in this IP1

region

5 5
10 0 5 10 15 20 25 30 35 40 45
BPM number
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BPM Resolution (2011-02-04)

bpmAllLog 20110204 030255

Pattern similar
days later but some
degradation of high

resolution BPMs

High resolution BPMs
were where the
circles are

5 5
10 0 5 10 15 20 25 30 35 40 45
BPM number
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Online resolution

® Cavity BPMs in test accelerator is complex
® Saturation, alignment (resolution beam position dependent)
® Online analysis complete

® Resolution, beam jitter, calibration

® Cavity BPMs are non-constant resolution devices

fatf/control/epics/atf2/chbpm//edm/resolution.ed| (on chpm-Ixs)
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Beam optics verification

® Routinely use cavity BPM system of optics
verification, beam based alignment, jitter studies.

® Use single upstream corrector and compare model
prediction (Lucretia) vs BPM response

® Complex lattice reproduced faithfully (including coupling)
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Interaction point beam size

U. of Tokyo
® Laser interference .
system SF1FF
® 5 different laser beam | g
angular separations FEL

® Observe modulation of
Compton rate

® Problems...

, 2deg. mode

4deg. mode

8deg. mode

: — 30deg. mode
|~ 174deg. mode

Depth

® Backgrounds in detector

o
@

Modulation

® Mode switching

o
»

® Laser power/timing ... (ok
always an issue)

o
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IPBSM : 2-8 degree mode

U. of Tokyo

interfere_ meas101217_1545.dat . .
2 deg. mode » 8 deg. mode — Mﬂd”_lat'.*’“- 0.471
{] _ E' lTIiCFl]FIS]' {ﬂ_3 ) E m|crﬂn5} Eﬂ_— ................... .................. Beam SIEZE. 759.97 nm

gt T

® Compton signal modulation clearly observed
® Multi-knob scans conducted

® Optimise vertical beam size down to ~300-400 nm
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Optics scans with IPBSM

Vertical Beam Size [um]

® Sextupole strength scans, to check the
chromaticity correction

® SDAFF, SF1FF, SDOFF
® Minimum measured ~300 nm

SD4FF strength scan
( IP-BSM 8deg. mode )
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SF1FF strength scan
( IP-BSM 8deg. mode )

SF1FF [A]
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SDOFF strength scan
( IP-BSM 8deg. mode )

SDOFF [A]
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FONT summary

| Oord JAI
® Improvements
to FONTS board

® Latency 44 ns
(irreducible)

® Electronics 87

n S 1 N
® BPM mover Bunch 1 Bunch 2
Cal | bratIOn e | T e = R

B On: 2 Zum | B O 0 4pm

® Investigation of
bunch to bunch
correlations

Freguency
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Laser-wire

John Adams (RHUL/Oxford)

® Aim to reach 1 um
beam size
measurement

® 4 um already published

® EuCARD plan

® Integrate with optics
modelling and BPMs

532 nm,
® Need to extract 0.7 J in 300 ps

Compton photon signal oo
over 20 m at 1.56 Hz i_
beam dir,

¢ Small exit window in -
special flange ~1x1010 ¢
~20m
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Laser-wire

John Adams (RHUL/Oxford)
® Difficult commissioning 19.2 :I: 0. 2,u,m

due to ~25m Compton . e
transport P@{h 3 d‘
2 9000 | 260548 + 15.5
® Fixed using alignment [
laser and 2 wire / *+} J
scanners in drift *ﬂh i%’?’ ! iﬁﬁh%
around LWIP "L .

Chamber Vertical Position (pm)

® Best results thus far ~8 8.1 = 0 1p,m

m I Cro n lllll IwipM 5i i n 20101207 210903 ——

. . { i | — :ﬂodel

® Synchronised with u’% :
cavity BPM system bt

6000
1 9 280 300 320 340
Chamber Vertical Position (um)



Summary

Cavity BPM system performing well resolution 200 (20 dB)
and 50 (no attenuators) nm

® Typical numbers reproducible over weeks

Best resolution recorded 27 nm (high charge and well
aligned)

Re-commissioned laser-wire system, aim to reach 1
micrometer will use BPM data to constrain laser-electron
collision

IPBSM used by tuning operators but problems using 30
degree mode to tune beam down to goal

Other diagnostics development proceeding well (not
discussed in this talk)

Difficult times for ATF/ATF2 firstly because of a modulator
fire and more importantly the recent earthquake. Try to
restart some beam operatiogothis month.



Back up slides

® High resolution IPBPMs

® More information of IPBSM
® Emittance measurement

® IPBPM Performance

® Tuning
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T. Smith/Y| Kim/Y Honda
® Honda-san installed

® 2 BPM, IPBPM block
® T. Smith installed

® Mixdown electronics

IP reglon BPM Installation

® 5.7 GHz source for x

® New SLAC 16 bit, 120
MHz digiziters

® Excellent linearity

® Low noise




IPBPM waveform processing

Boogert/Lyapin/Kim/Cullinan
® Filter width of

0.03, so 33 IP1y P2y
samples . e
® IPBPM decay & = | gggg_ﬁ' [
time ~10 ?jjggg MWWEEHHH “HU’VW

samples ~9%% 10, 20 30 40 50 60 ZSHBHD 1020 30 4.5

Sample number Sample number

® Increase filterto s

6000 ‘ _ _
O ] 1 and £ 4000 ~ Grey box : filter width
: = 2000 | Red line : Last un-staturated
3 s

reca“brate S —2008 ‘ WW' Green line : sample point
° . = —4000 | Cyan line : Amplitude (DDC)

More important e |

' ' Y010, 20 30 40 50 60
Wlth saturation Sample number  gatyration example (IP2 y).
(See IP2 y) Reference  Nominal sample point (green)

disturbed by saturation so sample
at new point 1/BW later (red-
23 dashed) extrapolate back (green)



Emittance measurement

SLAC/IFIC

® Wire scanners
® From old ATF extraction line

¢ Rel)atively slow and projected measurement (coupling
etc

® Installed new multi OTR system (SLAC/IFIC)

® Fast measurement

® Can extract full emittance and coupling in few minutes
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OTR station

Mechanical design Installed on beam-line




Beam measurement

SLAC/IFIC

777777 a 605.0072

222222

Emittance panel

........................

Current OTR info 1o S =

.........

3/ 20

Start/stop emittance
procedure

Number of OTR to be
used

Data analysis and plots
Calculation data
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Emittance measurement stability

G. White

BetaX (m) EmitX (nm)

AlphaX

Emitx = 2.698 +- 0.039 nm
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30 degree mode

U of Tokyo

30 deg. mode
{Bﬂ - 400 nm} z-scan with IP-BSM 101216 x* / ndf 0.29108/22
& _ Max 0.24582 +0.09266
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® Signal not observed in 30 degree mode
® Backgrounds, other drifts
® Collision geometry

® Beam size itself
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