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Different types of BPMs
Electronics

Radiation problems
From CTF3 to CLIC
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A total of 137 BPMs

TL1 & CRM commissioned fall 2006

Delay Loop: commissioned with beam 2005-2006

Linac: commissioned with beam 2003 - 2004 T ' LICRM

10m
I T—
TL2 and TBTS
commissioning started
August 2008
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File View Control  Options

LOW cycle from €3, SBUN ﬂ' CX.SKLY02 ﬂ' CX. ERFPO2 &' CX. TBUN &' SETUP[1] DUME_LIN
° ﬂ' ° - SK02(ns) 03810.000 | 5100.00000 | " 0.00000 | 5950.00000 | 5500.00000 | 2003 Nov 14 14:04:26

F

CL.STBPE0166S - CL.STEPEQ125S x|
CL .STRPED166S

o CL

1000

BPE sum signals

Buffer amplifier, R, =1MQ

—2000-

HT bias

N

i | TEUN
£X. ERFR02
~4000
-5000
o
—6000-
3000 4000 5000 6000 7000 8000 9000 10000
2(ns)

Update| Lnfoeze| Freeze ‘rlﬂ OO OE VEE T E JE Jﬁ‘g‘y‘ E|%
o |[52ME: NO ERROR / COMPLETICH IS O.K.
B8 el A B w0 A 2| Bt e | Semonohene | saradenrad | Elieoet e, (ele o E-R TR (77 UF S SV DR B N

Electrodes charging up
due to beam halo!
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m%nd’rive Pick-Up's (BPM, BPI, BPS, E e

nt transformer (;

Calibration

Active hybrid

SRR ”é :'A\— &% 7 Electrode

H- i ’
§w .
o ﬁ >_ Fefrite
50 +

Calibration V R
- Rs S
n 2 | B 2N
= Robustand well know design (LPI)
1 R
= Electrodes outside ceramic chamber fis= 82 +Rc
2nls | 2n
= Each transformer has one calibration turn.
* Provides current measurement. 1 R
f .= ; = [N
» Many different parts gives limited absolute accuracy mly\2n

» Resolution limited to ~ soum.
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Developed by M. Gasior, CERN

46 BPM’s installed as from march 2008
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L ——
eveloped by A. Stella, Frascati

File  View Control  Options

tycle fron | . SoUN X ox.sv02 x| cx.mep0z | o, 10 | sErue(1) Noowe
SK02(ns) 003296 || 19995100.00000 | 0.00000 | 13996750.00000 | 19996350. 00000 /2010 oct 05 12:28:02
CT.SVBPIO7585 - CR.SVBPIO130S - CD.SVBPI04955 - CT.SVBPIO1055 X

. CT.SVBPIO758S
. CR.SYEPIO1305
. CD.SVEPI04955

o OT
2.0
0.0 . h.mn;
-2.0;
4.0
-6.0y
-8.0
-10.0
-12.0
-14.0
3000 4000 5000 6000 7000 8000 9000 10000 11000
SK02{ns)
Update| Unfreeze| ¥ruazs| "‘ |ﬂ v \Q v ﬁ| v E v i v E v ﬁ v ﬁ‘ﬁ|ﬂ‘ @‘%

Current transformer with 30 turns and R, =140
4 electrodes installed on racetrack chamber

52 BPI's installed as from march 2008
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Data averaged over 100ns = 9 points

Stdevieepy=1 1Ium

0.2
0.95
0.25
03
0.3
035
0:
0.4
0.4
045
045
05
8.5
-0.95450
055
099 “0.96825
“0.90000 0.
06
8.6
0.20
0.40
& 317
0.60
0.80
1.00
-1.20"
5800 6000

| Link Marker & Cursor

SK02(ns)

Update| Lsfieezs| Freeze |" ﬂ vIC_) vﬂ VE VE o E v ﬁ v

SAMP: Data not sent
= —
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File View Control  Options
cycle from CX. 560N X cx.skryo2 Xl | cx.ERFPO2 X|| cx. ToUN X||| sETUP[1] NoDUMP
SK02(ns) 04956.000 | 20015500.00000 | 0.00000 20017150.00000 || 20016750.00000 || 2010 Oct 05 15:17:02
CB.SVBPMDISOH - CB.SVEPSOZIOH - CB.SVBPSOZS0H - CB.SVEPSD3L0H X
—+ CB.SVEPMDIGOH
o CB.SVEPSD210H
o CB.SVEPSD250H
o CB.SVEPSO310H
60
50
40
30
™ 20
n
10
-10
201, . : . : . : :
4500 5000 5500 6000 6500 7000 7500 8000
SK02({ns)
Upd.ate' tndraene Freeze"" N +IO v ﬂ v 4\/5 ‘@mvEvig g ﬂ ] (IEE:
5 N T o |[/|5AMB: Data not sent /
BPM developed by Juan J. Garcia-Garrigos, IFIC Valencia, Spai

Electronics by: G. Montero UPC, Barcelona, Spain

Noisy and wrong measurements close to PETS
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pompage (x0-2 % 3)

Developed by L. Thorndahl et al.
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Button electronics

Phase set to

maximum.

Phase set to minimum

RF 3GHz

Phase shifter ©

Spl

itter

ick-up's (BPR

File

View

Control Options

Cycle from

ex.souN X ex.SELY0s X cx. ERFPOSL X

cx.TouN X

SETUP[1] NoDUMP

SK02(ns) 000DOD

20002100.0 0.00000 20003800.0

20003400 .0

2010 oct 05 15:

47:51

Phase
control

0. 40

0. 20

-0. 007

GG . SYBPRO9155

x|

Power supply
and control

A
Active hybrid -0.20
-20dB =
AH| -0.10
—-20dB .
-0.60
| A 5000 5500 6000 6500 7000 7500 8000
D SE02(ns)
[
-20dB TR Updatel iézzi}\zas»}zel Fmeze”" DLvOvEvEvE " mvE vie g m 2| 52
SAMP: NO ERROR / COMPLETTION IS 0 K
/ )
3.5GHZ i
~ -20dB
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BPR - RF phase monitor

Combiner ring path length

15 T T T 1 1
Simulated signal i

Combination factor 4
5 Combination factor 4 with + 5° error

| N

BPR signal (a.u.)

-10}

Plot by R. Corsini

0 200 400 600 800 1000

Phase advance per turn (3GHz)

-15

t (ns)
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Waveguide electronics

2 X Horn
Antenna
Wave guide . 300“?_
Vacuum WR28 ~1-2m attenuation.
i ‘ |[10dB ][ 20dB ]
window
ALO; -
CL.BPR0290
CL.BPR0475
CT. BPR0532
CR.BPR0532
CC.BPR0915

RF
detector

\\}—@

+12dB

ADC
SI1S3300

«—RF in

Shorter bunches
means more power in

A | the WR28
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ity BPM (CALT

: . E-field TM110
4+ Re-entrant geometry for a higher frequency separation

between the monopole and dipole modes. —

antenna 1 _ — beam
.,—-- ‘ll
%+ Resolution: (CALIFES ~5um) axh
+ Q,4=50 — Time resolution ~
%+ [D 18mm; Length ~1oomm.
— E-field TMO10
S antenna 2

offset distance (mm)

' Developed by M. Loung, C. Simon, Sacley
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BPMs in the probe beam linac tunnel

RF electronics in the hall

) [
1 | (B
: : 6dB  18dBm leak. 0to 70 dB : :
x1 —ﬁ— /\ L RF I
180° ] T AX ~ == & | ;! Il
hybrid 1 | AT i X = -Q & A
x2 —ﬁ— z - 1 | Passband Filter demodulator B
1 | 5997 MHz 1! =
C combiner| 1 I T 600 MHz BW Lo g |1 o
yi —QS— 180° . 0to70dB 18 dBm leak. . 4
o S P, L AA—H—feH—~ | Voo ||
I a5 o= =l 1 ! 2 Gst
beam position ~ Phase 1 I Lowpass Filter 1 ! GaniO ADCs
S SAltor shifter : : 120 MHz | : i
] 6dB  18dBm leak 01070 dB Hi — Iy
| 'S =11 2= | i
I Fw—1BH ~ 2 BE g 1! L oy
. Passband Filter demodulator | | |!
. 5997 MHz Lo e [
6to1 600 MHz BW i
1 ] | ; AL
Sl BT —H [ |mteon it
hybrid 1 | 1|1
x2 z -
C.B 28— S = L
combiner| | iier |1 4
v 180° 1 | reference | channel
hybrid E 2.998 GHz X 1 2(;;:
—4& A 1 14 dBm |
a 1 | ! ADC
beam position phase ] | — B
monitor 6 shifter 1 I |
1 | yioy
| ] ad
: | signals for switches control unit
| | and variable T
1 | attenuators control )1
L : : 0 be defined
________________________ 1 T S s i ) B e B b S b S b2 0T b Y s o s R ) B 1 S e Sl by T b Y o s o b o e it e o) il bl i o e
Only one BPM at a time ®
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BUFFER
AMPLIFIER

Active Hybrid
and amplifier

/

. . .
Distribution
] File  View Control  Options
1 tycle fron CIK. SEUN X ox.sv02 x| cx.mep0z | o, 10 | sErue(1) Noowe
SK02(ns) 003296 || 19995100.00000 | 0.00000 | 13996750.00000 | 19996350. 00000 /2010 oct 05 12:28:02

CT.SVBPIO7585 - CR.SVBPIO130S - CD.SVBPI04955 - CT.SVBPIO1055

X
_ CIT.SVBPIO7S8S
. CR.SVEPIDI30S
o CD.SVEPID495S

L CT

VA

e se——. |

AV

\

Horizontal

; >

T H_\ |
|~
Vertical N

[ V+/ |

t > |
J_b V+H+

° Y % | Calibration.
m 300mA
_S;:_c

Tunnel

[

-14.04
3000

4000

5000 6000 ‘7000 9000 10000 11000

SKO02(ns)

8000

Update| Unfreeze| ¥res:

a2 0 v B v B Y]

el

+ Front-end electronics gives improved CMRR.

Calibration of position and intensity .

+ Observation of analogue signals

October 18-22/2010
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AW LAPP Acquisition system: TLZ2, Cl;X/e

\\

> —

Active Hybrid
and amplifier

Calibration.

Colibrotionl
generator

Power

Horizontal LAPP
Digital FE
"
e Al|Al|A||A] A A |D
| D||D||D||D| D D |i
Cl||IC||C||C| | C| C||s
Vertical R BT AN A AR 5

Ethernet link

Supply

[ J

Power PC

Timing

11

® ® ®
At
AV
1 |

o

Tunnel > 3

* Front-end electronics maintained.

+ Signals digitized in tunnel —Big reduction in cable costs

+ No analogue signal observation .

wer and
BPMBPMBPM Calibration

For 4 BPM’s

96MHZz
Clock

CLEX
Gallery

October 18-22/2010
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en ~ LAPP acquisition system
/ =] OASISVIEWER

File General Scopel Scope? Scope3 Help

Integrated dose R

2500 l CXSTART-EPMOL-TS

2000

.
=

50.0ns/diy | 0.0ps
20V + L

CC.RPID1355-AS
1000 / \ / \ GY 2.0A/div 0,004
500 V
o T T T T T T T T T |¥_\
S 0 g 0 N O & D
,,) \c, N ~ b< AR S Y
§ & Qj& <§/\ <§ <§\°) @ N @%Q QS «e st‘b <§\°7
s

Designed to withstand 300GY.

FPGA sensitive part.

Communication link died rather quickly
due to too high radiation doses.

LAPP is developing new front end
acquisition system. To be used on each

CLIC module not only for BPMs, but for all
“clients”
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TF3 TLZ & CLEX BPM Calibration H=]
iagnostics | Calibration 3 Debugwview | Calibration coefficients | Calibration parameters
Communication with devices : @views | | More |
| Connect and check Sigma [19/10/10 16:47:09]
Hardware operational settings 0
Gain PROBE @) High ) Low 0.5
Gain DRIVE ) High ® Low -1
Attenuator PROBE i on 0 Off -1.5
Attenuator DRIVE @ On ) Off 27
Fast uploading | Get | | Set 2] . . . . .
L1} 100 200 300 400 500
Hardware calibration settings DeltaH [19/10/10 16:47:09] ;
Calibration mode lpLUS 20
Calibrator mpx Oon / Off L
18
Device selector |CC.BPMI]4?5
17
w [ s
Acquisition 157
Device selector |CC.BPMI]4?5 147 . . . . .
) 0 100 200 300 400 500
Display mode ) Raw data - -
Delta V' [19/10/10 16:47:09] -
) Treated data
20
Get | | Subscribe e 34.39, 19.94
Gain Low B9
17
Attenuator Or
16
S.F. Sigma 0043213 15
SF.DeltaH 0.008329 144
S.F. Delta \V/ 0.008215 T
0 100 200 300 400 500
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e rom e Frema.CLIC. @D

/

Beam Used in

Accuracy | Resolution [Stability|Bandwidth| tube ATRIEE | Ll RT
length | many?
aperture Feedback

MB | 5um 50nm |100nm| 20MHz | 8mm |<80mm | 4176 Yes

DB | 20um 2um 20MHz | 23mm |~100mm | 43000 | Yes

CTF3 ~300|.tm- ? |100MHz| 40mm? ~200mm- No

High accuracy and resolution as well as big numbers eliminates inductive BPM’s!

If 1% of our BPMs fail we have more than 500 BPMs not working and which must
be repaired. IN CTF3 we have had only 2 BPMs failing.......
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Monopole Mode
Reference Cavity

Waveguides

‘I _ﬁll' 1
= M_N JIJ =

j’L ! — Bl | Eﬁ
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‘h/ From CTF3 to CLIC - ®

Large scale projects come along very rarely at CERN
e SPS = LEP 13 years
e LEP = LHC 19 years
o - LHC = CLEIC:?

Experience is unfortunately lost along the way
e Few of the LEP BI construction team saw beam in LHC
e Similar mistakes were probably made again

Main Points Retained from LHC Experience (1000 BPMs)

e Clear functional specifications required very early

e (Clear project management structure essential from the outset

e R&D, design & testing times largely underestimated

« Especially true when designing for radiation environments

e Standardisation across domains improves effectiveness as a whole
Quality assurance procedures important for large scale production
Host laboratory personnel time to be foreseen for collaborations

Slide by R. Jones
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.

“Summery -8

New CLEX and TL2 acquisition system has problems with

CPU load, due to too many clients. Work around being
looked into by CERN controls group.

New calibration GUI is very useful.

Noisy signals on BPS close to PETS in TBL line. This is an
important information for CLIC and is being looked into.

Radiation damage of first generation FE digitizers has
shown the need for a robust, simple and standard module
acquisition system.

CLIC is very different (numbers) from CTF3 and it is very
difficult to draw any other conclusions which can be used
for CLIC.
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