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Introduction

® Introduction (system, electronics, processing)

® Pre Tohoku earthquake status
® Resolution etc
® Ongoing studies
® S-band stability (Damping ring RF on issues)
® Stability
® |P region

® Future work 201 1-12
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ATF2 BPM system

Extraction and diagnostics line

Scale 5m MREF1X
QF21X QD20X QD18X QD16X QD12X QD10X

\/

A

A

¥ Dipole
¥ Quadrupole

BH3X
(ZX3X)

x
o
X

B Skew quadrupole - : ) T
W Sextupole «— 3 ' =y 8 % 5 £ 5 3 & £ 5 g 53 . ™
Beam & R 50X & RO 5 R & S i 3 R A
[l Corrector direction From ATF
Kicker QD19X QD17X QD11X damping ring
MREF1FF MREF2FF SF6FF MREF3FF MFB2FF
QD2(AB)F QD4(AB)FF SF5FF QDG6FF QDSFF QM10(AB)FF  QM12FF QM14FF QM16FF
|
my [ § Ipunt St Has Sl Mt §
QF5(AB)FF QF7FF QM9(AB)FF QM11FF  QM13FF QM15FF
Beam QF3FF SDA4FF From
,,,,,, QF1EF direction extraction
Beam dump line
QDOFF . .
~% Final focus > < Matching -

B1FF
B2FF

® 35 C-band (3 references)

® 20 on movers |5 static
® 4 S-band (| reference, at image frequency)
® 2 |P C-band (| reference)
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C and S-band BPMs

e C-band BPM ® S-band BPM
® Dipole F:6.426 GHz ® Dipole F :2.888 GHz
® Sensitivity :0.8V/mm/nC e Sensitivity : 0.15V/mm/nC
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Processing RF electronics

Hybrid Coupler
Cavity port ~_
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Struc SIS3301 digitiser

® Signal stage, image rejection down-converters/amplifiers
® |ntermediate frequency ~ 25 MHz
e |00 MHz digitizer (14 or 16 bit)
® C-band electronics :in tunnel

® S-band electronics : outside shielding blocks
5
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Interaction point region

® |IPBPM block 2 dipole
cavities

e Dipole F:5.712 (6.426)

® Sensitivity : 0.95(2.06) V/mm/
nC

® |nstalled in IPBSM vacuum
chamber

® No mover for calibration
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Signal processing
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® Signal from
electronics

e 25 MHz
decaying
oscillation

® Mixed with
digital local
oscillator

® Starts at ADC
trigger start

® Measure
amplitude and
phase
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ATF2 BPM calibration

® Move BPM
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Summary of current status

® Progress until February 201 |
® Consistent operation for approximately | year

® C-band : Resolution 200 nm (attenuators) 30 nm (no
attenuators)

® S-band : Resolution | um
® Development on IP region BPMs
® Vertical resolution : ~100 nm

® Horizontal axis : Just commissioned (new frequency at
ATF)

® Stability of existing BPMs
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Operation post Tohoku quake

® Nothing damaged from the quake

® Used shutdown opportunity to significantly improve
system

® Software upgrades (usability, consistency, online tools)
® Jemperature monitoring
® Straightness monitoring system

® Completed paper (Y| Kim) on basic system
commissioning and results presented here

® Update in | year on “High stability and resolution”
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Beam jitter

x [0,0] File : 20101216 204329 ATF pulses : 385

® Measured x and y RMS W A
oo g
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size from flight simulator _in |
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° LarEe compared with
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® |0 to 30 % beam size
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® Online version planned
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Resolution

® Resolution
measured

® Using model
independent
singular value
decomposition

® Typically
~250nm

® Best recorded
27nm

® S-band lum
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SVD removes relative scale errors!

12

40

Wednesday, 28 September 2011



Resolution (in detail)
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BPM is labelled
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Stability

® Calibration usually Monday/
Tuesday of operation wee

® 8 hours, move beam or each
BPM

® |ots of drifts difficult to
isolate

® Complete phase rotations!
® Scale

® 5-10 % in extraction and
matching in the ATF2

® 50% in final doublet

< | % variation after jitter
removal (SVD based)

| 4

With jitter
Run Scale Rotation
I -89.44 -0.0108
2 -108.79 -0.0138
3 -98.80 -0.0203
4 -90.16 -0.0233
5 103.30 -0.0378
Jitter subtracted
Run Scale Rotation
I -100.15 -0.0130
2 -99.44 -0.0151
3 -100.82 -0.0189
4 -101.09 -0.0249
5 -101.26 -0.0243
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Test injected tone

® Measured over
approximately 4
days

® |nject CWV burst
into electronics

® Do exactly same
processing on test
signal

® Compare over time

® Difference in
phase

® Ratio of magnitude

< | % variation from electronics
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Phase drifts

® Monitoring signal

does not work V. A |
_p — pe—AF(ts—to)ejAw(ts—to)
® Can determine phase/ V. A,
frequency from data
2 ; ; ; , - . 0.15 .
® Cavities best run 1 o1
without signal! T T SN
® Need alternative ~ o
. . Y s T U [
monitoring for beam . .
arrival and frequency R
® Arrival time diode £
® Frequency use a7
temperature $ -2p
=3 =2 -1 o 1 2

trigger step

Wednesday, 28 September 2011



to resolution

. . Bunch charge : 0.3 x 10710 e-
® Beam arrival time (to) o+ &€ - X IV

e Substantial jitter and then

longer term drifts
® Phase correction algorithms

depend on this number
e Measured in REFCI diode .
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Temperature monitoring

® |n normal Frequency shift

operation often Simple :-112 kHz/K
notice With beam pipe : 50-60 kHz/K

temperature shifts .- e
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Scale drifts

® Calibration assumes i
stable beam orbit =
® Jitter can be on scale of e S
calibration move range o SRR
[t -
® S| mu Iat| on Of beam’ BPM T v postionti) " Mover poscon [,Lm]y
and calibration o v I I
Procedure U simulation 1 107 2

40l — litter subtracted

® Beam jitter alone seems
to explain the variation in
calibration scale

X

® Subtract beam motion
whilst doing calibration
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S-band system

® Resolution poor ® S-band instability problem

® Cable re-routed (FF shield e Damping ring RF on
blocks!) Ping rng

. ® 4 in ility??2??
® Cable attenuation from |5 state instab ty

dB to 3 dB

o I4mprove signal by factor 0'3\]\/\/\/'\[\/\/\/\/\/\/\

0.2+
® 250nm resolution N

g O0.1f

0.4

® Plan for |st stage
amplifier

0.0

—0.1}

® |0 dB gain would give sub
|00nm resolution % i I 10 !
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IP region BPMs

° Dowln-converted 2000 1 10000 —— o
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signals 2 Sooo] | |z ool M _
® Short decay time i; | \ J\/\NWWCE iggg__/ WWW
—2000} A 2000y '
: —1000} |
® |00nm resolution -0 U ™ Zg000| vVN -
observed ~O0NT0 20 30 050 60 U010, 20 30 4050 60
Sample number Sample number
3000 .
° 6000/ -
Need 2 ool I /M |
. = i ‘
® Stable orbit that ~ © 0 WW
does not saturate =~ I HiA
ADCs —6000 |

8005502030 20 50 60
. Parameter Sample number
optimisation

21

Wednesday, 28 September 2011



SLAC digitisers

® Two types of digitiser

® Need to understand
the effect of digitiser
noise on BPM
processing

® Jwo types of
Investigation

e Calibration tone (fit
to sine wave)

0 50

100 150 200

250 300

0 50

100 150 200

250 300

® Data taken but

need to process

® Beam off

® Done, results on

right

BPM Digitiser Noise [ADU]
QDI0Xx raw | SIS (14 bit) 2.53
QDI0Xx pro | SIS (14 bit) 0.12

IPAX raw SLAC (16 bit) |7.44 (/4=1.86)
IPAX pro SLAC (16 bit) |0.72 (/4=0.18)
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Analysis corrections planned

® Basic signal processing
® |ncludes arrival time correction

® Saturation extrapolation (resolution of procedure)

® Frequency (temperature) correction

® Measure temperature and determine correct frequency

® Timing correction

® Apply phase correction
® Pulse-by-pulse test tone (gain and rotation) correction

® All calibrations with beam jitter and drift removed

23

Wednesday, 28 September 2011



Conclusions

® System working well after Tohoku earthquake
® Resolution agrees well with expectations
® Sources on calibration uncertainty quite well understood
® Aim to have stability of order 1% by December 201 |
® |PBPM needs work
® System is working, but problem is in operations
® Alignment, status read-back, etc
® Integration IPBSM operation

® Procedures for calibration and operation need to be
defined

24
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201 1-12 operation year

® BPM team to visit ATF in October and December
® Frequency correction
® Jitter subtracted calibration

® Should result in stable system

® Work on IPBPM signal processing

® Difficult to proceed without excellent alignment in IP
region

® Online

® Saturation, resolution, jitter etc

25
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