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Precision Beam Position Monitor
On the behalf of:

I. Podadera
F. Guillot-Vignot
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Outlook

+ Deliverables

+ Design

4+ Bench tests

+ Beam tests (November 2007)
4+ Conclusion
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Gy PBPM- deliverables

 Prototype PBPM:
e Design and build prototype.

 Report on bench tests:

e Design and build high resolution (100nm).
mechanical stable test bench.

e Measure PBPM.

 Report on beam tests:
 Build 3 PBPMs and test with CTF3 beam.
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PBPM planning

ID | Task Name 2005 2006 2007
Jan | Mar | May | Jul | Sep | Nov | Jan | Mar | May | Jul | Sep | Nov | Jan | Mar | May | Jul | Sep | Nov
1 PBPM
2 Publish fellow post
3 Present work plan for EUROTeV 0
4 Hire fellow
5 Design PBPM %
6 Simulate PBPM -h;
7 Present design for EUROTeV
8 Fabrication drawings
9 Fabrication of 1BPM
10 Tests on bench
11 Present Results for EUROTeV I
12 Manufacture 3 PBPMs
13 Tests on bench
14 Tests in CTF3
15 Write report
16 Send report to EUROTeV 0

Slightly behind schedule due to problems with titanium
coating of the ceramics.
Beam tests will be in November
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Specifications

Aperture 4mm (6mm)

Resolution 100nm

EUROTeV

Absolute precision 10pm

Rise time <15ns

Dynamic range *+1.5mm (15 bits)

Linearity error <1% (¥1.5mm))

24H stability Tum

Droop <5%

100kHz (3.6% droop, CLIC 58ns
Extended Low frequency cutoff oulse)

specifications High frequency cutoff 30MHz

CMRR >90dB

Bake out temperature 150°C

Vacuum 10 Torr

Operating temperature ~20°C
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Inductive pick-up: basic scheme

V.=V AV VAV, L

VAH = V,;B_V('i) o

VAV = Vi—:/»'_ V(;H 1[ @ —
245

Cl

E F

Sl 2 =
A ’ ‘ C electrode (copper) 5 =]
B‘~ " D ceramics (alumina)

G H titanium (nm)

M. Gasior (IPU)

Coupling impedance N

Low cutoff (difference E:
signal) ZﬂLA

Low cutoff (sum signal) g
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Final design

Current transformer

Length: 95mm

Overall diameter: 68mm
Vacuum tube ID: 6mm
Thickness ceramic: 2mm
Electrode length: 51mm
Electrode ID: 12mm
Electrode OD: 19mm
Electrode width: 60°
Ferrite : 46, 21, 30mm

PCB
Electrode

Ferrite

YV VV VYV VY VY

Ceramic chamber

Body

Helicoflex joint Design by I. Podadera, V. Maire and B. Favrat.
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Different electrodes

Also tests with 2mm (70°) 3mm (60°), 4mm (50°), 5Smm (40°),

Dimensions in mm
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Vacuum assembly

- Transition
E piece Bellow
é Fitting half-flanges

. Thin film coating (Ti) for CF DN16
Helicoflex seal [ .
H—""“‘-—-.___._ 4 Adaptation
i piece
Eleciron bsam = _ - — L _
wizlding —
.
% g R /B ‘:\F flex seal
: Collar  Esctron Brezing elicoflex sea
: beam welding s
Collar Ceramics
(ALO,)

Big vacuum
flange

The titanium thin film coating on the inside of the ceramic, which is needed to limit the
longitudinal impedance, showed out to be very complicated. Due to the very small
dimension a longitudinal magnetic field (magnetron) is needed to create a homogenous
plasma inside the tube (sputtering). Due to the Covar (magnetic) collars this was not
possible. Ceramics with stain less steel collars have just been ordered.

Dimensions in mm
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Preliminary assembly
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PBPM bench tests

Sensitivity

Linearity

Resolution

Long-term stability
Bandwidth

Electrical offset
Longitudinal impedance

=p Network analyzer
CW 1-10MHz, 100mA, narrow band

el ol Sl ol oI o

Function generator

and oscilloscope
200ns, 100mA pulse, 25SMHz BW

=

Resolution —

Z - L. Seby 17/10-2007 12
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Test bench assembly

Plexiglas '
protectio

s Thermistor.
2 (temperature
& monitoring)

Head
electronics

| Network o i
I — analyzer '

Active
vibration
damping table

Geophone
(vibration measurement
3 coordinates)
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From RF-
generator

Electrode
signals

Coaxial

0.2mm wire
WPS

Rotary
stage

Linear
stages

X, Y)

support
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Tesy bench specifications

Antenna:

Fixed wire of 0.2mm terminated in
50 Q.

Fixed wire of 2,6mm (50 Q
system), for longitudinal
impedance measurements.

Vibrations:

TMC 63-530 damping table
Natural frequency <2Hz
Isolation efficiency @10Hz =95%

Environment:
“Stabilized” around room
temperature (20 °C).
Wind shield

Linear motion:

X, Y : Siskiyou 100 CRI M
Displacement: 25 mm.
Resolution: 100 nm.
Repeatability: 500 nm.
Accuracy ~2 ym.

Rotary motion:
Siskiyou RSA -1.0i
Resolution: 0.03mrad
Repeatability: 0.03mrad
Accuracy: 0.1mrad.

EUROTeV PBPM @mf%
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Validation movements: WPS

0.5 / - 0.4
0.4 i / o.0s
0.5 _ 0.0R
0.2 0.04
o
0.1 4 pg2 2
= Ef‘ —WPS vartical
E \ : = | ——WPS horizontal
g i . - L S — : . i 9 % —— Motor horzomal
% 09:24:00 09:30:24 08:62:48 09:07:12 08:M:36 029N 09:60:24 10:04:48 10:13:12 10:33:36 10400 & .
a - E Calculsted horiz. pos.
0.1 402 =
=
4.2 .04
4.3 40.08
0.4 .08
45 4.1

Tims
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Bench test - Sensitivity

-»
DIUUC op: r
i
014
' Bz
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034

2

CM-signal in-phase results in electrical offset, while CM in
Fl \ , f 1o o quadrature phase reduces the sensitivity to zero in a region
: of d/CMMR around the centre
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Difference amplifier

Head amplifier frequency response

40
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1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

1]
©

Frequecy

CMRR ~ 83dB @ 10MHz
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Sensitivity

Phase el2
——— Mag. el3

—— Phase ell
Mag. el2

50

-50

-100

-150

-200

X

Phase el4
Mag. el4

Phase el5
Mag. el5

Phase el2c
Mag. el2c

Mag. ell

motor position

~ 60 deg electrode

(3mm spacing)

EUROTeV PBPM
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Sensitivity

Horizontal sensitivity

A/Z

motor pos

EFEUROTeV PBPM C zﬁ L.Seby  17/10-2007 20




Bench tests-Linearity

+- 1.5mm Linearity measuremen t

40
/ %0
L.
e\ agnitude 20
1 @ Error [um]
'M ,./VN\,J )
50 : : : - - = : : 0 I
S -p -15 -1 -0.5 5 1 15
<
-10
1 /

—

[mm]

Error: <1% for + 500um
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Resolution

0.05 - 0.005
0.04 0.0045
0.03 — 0.004
n.n2 o o - 0.0735
0.0 0.003

g 0 T T T T T _ v T 0.0025

% 15:00:00 16:02:53 16:06:48 120938 18:11:31 16:14:24 1&ATA7 i6:20:10

= .01 o.om
402 - -1 00018
0.3 0.001
0.04 0.0005
.05 0

New head amplifier

Time

TiledNied gl e fam)

1000 samples

cy=27.8 nm
6y=52.3 nm

e WPE vertical

——WPS horizantal

=—idotor hoidzontal
Harix. pos.

scaling noise to
same current at 30 MHz...

oy=3.6 um

CLIC (1.5 A)

EUROTeV PBPM
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Resolution

Standard deviation of 250 measurements a different positions

std dev ‘—x ol —xel  xelwf —xe3 —Xel —Xel5

7.00E-04

6.00E-04

5.00E-04

4.00E-04

value

3.00E-04

2.00E-04

1.00E-04

0.00E+00

-1000 -500 -400 -300 -200 -100 -50 -10 0 10 50 100 200 300 400 500 1000

Different values at different positions, is believed to be due to vibrations

of the wire. A linear dependency with wire current was found
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Bench tests

Mean=17.4mV
c=0.87mV — 50um
G=2-5|-|m 0015 -

H
(@)
T
3

Mean — 2_9mv 0.005
c=0.90mV D
c=3.1ym

Samples

=
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f=10 MHz

Correlation between x movements and monitoring signals
Gap spacing 3 mm

0.05 05 P = 25dBm

— \WPS vertical

——— WPS horizontal 3 kHz bandwith
0.04 1 Motor horizontal|-04°
Horiz. pos.
0.03 - 10.04
0.02 0.035
5 um steps :
001 1003 T
: £
< ﬁ‘ c
,5 0 ‘ : ﬁ 7 0.025 g
.‘5 14:41:17 14:42:43 14:44:10 l4:4+:36 14:47: | 14:48: 14:49:55 14:51:22 £
o ‘ ' °
S
Q_‘ o
=
-0.02 - + 0.015
-0.03 [\ 0.01
-0.04 - O U 4 0.005
-0.05 0

Time
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o) Electrical offset

e A

Difficult to know exactly where the wire is (inside) with respect to

external reference.

Find electrical center #1
Rotate 180°
Find electrical center #2
Offset = d/2

OO~

Electrical center #2 — o o +— Electrical center #1

v

Mechanical center

The electrical offset was measured to S0um.

The reason for this was due to in precise alignment of the PBPM
on the rotation stage. Better alignment has been foreseen for the future PBPMs.
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. S
E,.",u" = —2471 1u (5315)

Impedance (Mag.)

Ohms

1.0E+09

5.0E+08

1.5E+09

Frequency

2.0E+09

= Non coated ceramic
——— Coated ceramic 30 Ohm

2.5E+09 3.0E+09

«—

Stabilizing at 60 Ohm, but
a factor 2 too high?

Inductive impedance

EUROTeV PBPM

E

CLIC *
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24H stability

long term measurment X50um

‘ ——ph xell —— ph xel2 —— ph xel3 —— xell xel2 ——xeld

0.06

0.058

0.056

0.054

0.052

0.05

0.048

0.046

1 53 105 157 209 261 313 365 417 469 521 573 625 677 729 781 833 885 937 989 1041 1093 1145 1197 1249 1301 1353 1405 1457 1509 1561 1613 1665 1717 1769

Time

~ 2um over 24H and 5°C
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Bench test-results

Sensitivity A=X 9.8mm
Linearity error [£500pum] 1%
Electrical offset S0um

6,/~28nm
Meas. Resol. (100mA, 3kHz BW)

¢,~52nm

. c,~180nm

Resolution CLIC

¢,~350nm
I o, =2.8um
Resoiution iLC

6,=5.5um
24H stability/ 5 deg. C 2pm

A =300kHz-80MHz
2 =5kHz-80MHz

Bandwidth
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Beam tests in CTF3

| Magnetic chicane (CT)
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3 PBPM;,s

CTF3 beam ro ertles -’ | .
Beam current p p Can be left 1n place

Pulse width 200 ns

rms-Transverse beam size 0.7 mm
1.25 mrad

Beam angle (0.5 mm offset at 400 mm
length)

Tranversal position jitter 100 to 200 um
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Beam tests
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Beam tests

Ll s elactron Corelation Plot (y1+y3)i2

trajectory

Cavity Relative Offset

y2 < 200ns >
Histgram -
Pulse-to-pulse i, 3
position measurement. 6,, !/
. VI Resolution For different center PBPM positions
C123 — Ou 0’123NT§
Corelation Plot

(y1+y3)2, y2 | ]

Beam Trajectories measured by the RF-BPM Triplet Set

Courtesy T. Shintake
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Conclusion

+ The design of the PBPM has been reported in :
EUROTeV-Report-2007-008

+ Bench measurements are just finished and will be reported on in a EUROTeV
note in November 2007. Preliminary results were reported in:
EUROTEV-Report-2007-046

4+ The measured resolution for CLIC for the two planes (~250nm) is ~ 2 times
bigger than calculated one. The reason for this is not yet understood

+ The front end electronics used in the tests had a CMRR of ~80dB and we hope
for further improvement to increase the sensitivity in the centre.

+ The relatively big electrical offset is due to lack of precision in the alignment of
the PBPM on the rotational stage. Improvement of this has been done.

4+ Beam test are planned for November 2007 and will be reported on in December.
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