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• 2 talks on the Beam Instrumentation2 talks on the Beam Instrumentation 
Requirements

• 6 talks on Position and Intensity monitoring

• 3 talks on Short Bunch Length measurements

• 2 talks on Beam Size monitoring
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• 2 talks on Beam Loss and Machine protection 

• 1 talk on Phase Stability



Beam Beam 
ParametersParameters

Main BeamMain Beam
RequirementRequirement

Main BeamMain Beam
MonitorMonitor

Drive BeamDrive Beam
RequirementRequirement

Drive BeamDrive Beam
MonitorMonitor

Intensity Intensity ΣΣ
Position x,yPosition x,y
Energy spread Energy spread ΔΔE/EE/E
Bunch length Bunch length σσzz

EmittanceEmittance γεγεEmittance  Emittance  γεγε

Beam size Beam size σσ
Beam lossBeam loss

Luminosity LLuminosity L

Phase stabilityPhase stability
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Drive Beam E. Adli, CERN

Initial beam parameters:
E0 ≈ 2.5 GeV
I 96 AI ≈ 96 A
d = 25 mm (bunch spacing, fb = 12 GHz)
t ≈ 300 ns (3564 bunches) 
Gaussian bunch, σz ≈ 1 mm
eN ≈ 150 mm 

The need for beam based alignment implies:The need for beam-based alignment implies:
• One BPM per quadrupole
• Total number of BPMs: ~ 26 * 2 * 688 = ~ 36000

C t 100 A• Current: ~ 100 A
• BPM resolution requirement derived from dispersion-free steering: 

~10um
• Beam envelope ( 99 9%) might reach close to PETS aperture limit of• Beam envelope (~99.9%) might reach close to PETS aperture limit of 

11.5 mm. (at start of decelerator envelope size: ~1 mm)
- Centroid signal / range of BPM: few millimeters
- But signal from halo-particles must be taken into account
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- But signal from halo-particles must be taken into account
• Available length for BPMs: ≈ 10 cm



BDS Instrumentation       R. Tomás,

• Diagnostics section ready for y = 20nm:Diagnostics section ready for y  20nm:
• Emittance measurement 7% accuracy assuming:
• 10% size resolution for 1m beam size10% size resolution for 1m beam size

Energy measurement 0 04% accuracyEnergy measurement 0.04% accuracy
assuming:
• BPM = 0:1m• BPM = 0:1m
• σBL/BL = 10-4
• Polarization measurement design pending• Polarization measurement design pending
• Post-collision line instrumentation requires studies
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2 Solutions

Digital cables (100m)

Louis Bellier

Linux gateway
BPMBPM

Analogue 
cables (100m)

New Solution:
Digital front-end boards under 
the beam pipe. Differential 
transmission from analogue 
board.  Just one Ethernet cable for Digital Front-endAnalogue Front-endAnalogue Front-end

Original Solution:
8 channels ADC board in VME 
crates. Long and expensive cables 
for analogue signals on a single 

up to six BPM. 
Total cost for 50 BPMs: 80 k€

g
ended transmission.
Total cost for 50 BPMs: 240 k€

New solution ⇒ 3 TIMES 
CHEAPER!!!CHEAPER!!!
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RF characteristics measured on the 6 BPMs in laboratory.

BPM CALIFES (2)
y

• Standard deviation on the dipole frequency  : ~ 12 MHz

• Monopole frequency ~ 3.99 GHz

Eigen  modes F (GHz) Ql R/Ql (Ω) R/Ql (Ω)

Measured 
in lab

Measured 
in lab

Offset 
5 mm

Offset 
10 mm

18 mm

35 mm Monopole  
mode

3991 24 22.3 22.2

Dipole  mode 5985 43 1.1 7 

124.8 mm Cross-talk better than 30 dB measured on 6 BPMs

E field

H field
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Final design
Current transformer

PCB
Electrode

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

et nderstoodyet understood

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

Ceramic chamber

improvement to increase 
the sensitivity in the centre.

Design by I Podadera V Maire and B FavratHelicoflex joint
Body

EUROTeV PBPM
��������������

L. Søby 17/10-2007  9L. Søby 17/10-2007  9

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



Wall Current Monitor
Alessandro D’Elia, CERN

Latest frequency response shows improvement:
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Adaptive optics and halo measurement

(1) Aquire profile (2) Define core

(3) Generate mask(4) Re Measure
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carsten.welsch@cern.ch

(3) Generate mask(4) Re-Measure

CLIC Workshop, 2007



High precision phase monitoring
A Andersson J Sladen CERN

Digitiser IF detectors

A. Andersson,J. Sladen CERN 

Goal: 0.1 deg.g
detection;
On track:
→FP7

Down Converter

→FP7

Waveguides from CTF3 Down Converter

Attenuator, phase shifter

Attenuator, phase shifter
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Beam loss monitoring
Northwestern University CERNNorthwestern University, CERN

A. Dabrowski, T. Lefevre, M. Velasco, M. Wood

BLM devices Tested at CTF3

Device Type of 
Signal

Sensitivity Timing Radiation 
Hardness

Spatial 
coverage

Cost

I i ti 0 1% f b t Sl V 500CHF
SICs

Ionization
in Argon

0.1% of beam current
10^5 10 ^11 
p/cm^2/pulse

Slow
> 100ns 

Very
Good (10Grad) Small

500CHF

Faraday Stopping 0 01 % of beam Fast Very SmallFaraday 
Cup

Stopping 
charged 
particles

0.01 % of beam 
current

Fast
~ ns

Very 
Good 

(>10Grad)

Small
<100CHF

Secondary 

ACEM

y
Electron 

Emission &
amplification

<0.01% of beam 
current

Few ns Relatively poor Small 1000CHF

Optical 
Fiber 

connected 
to PMT

Cherenkov
Light

<0.01% of beam 
current

Few ns Good (Grad) Flexible 800CHF
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Summary

1. Start designing the MP system before designing the sub-systems:
1. Analyze damage levels of components and the destruction potential of 

th bthe beam
2. Analyze reaction times required and achievable
3. Specify MP relevant sub-systemsp y y
4. Integrate protection system in machine layout

2 Calculate:2. Calculate:
1. Damage probability
2. Downtime due to false alarms
3. Downtime due to maintenance

Eva Barbara HolzerCLIC Workshop 2007, CERN October 18, 2007 15



Laser-wire  (G. Blair, RHUL)
2-D system at PETRA

29 steps 35 points per step = 1000 point (50 sec)
6 GeV – 0 5 mAy

100

120
Data: Data35_C
Model: GaussAmp 
Equation: 
y=y0+A*exp(-0.5*((x-xc)/w)^2) 
Weighting:
y No weighting
  

6 GeV 0.5 mA

40

60

80 Chi^2/DoF = 2.99875
R^2 =  0.99694
  
y0 5.13245 ±0.40253
xc 303.24842 ±0.54287
w 39.45992 ±0.59894
A 95.83288 ±1.16854
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A. Ferrari
Uppsala
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New hardware installed CTF3 2006
CT line BPR and single WR 28CT-line, BPR and single WR-28 
waveguide to transport the signal 
to the gallery (~20 m).

Analysis station gallery

42 4

•Filters, and waveguide pieces  
separate the signal from the beam into

1

3separate the signal from the beam into 
4 frequency-band detection stages:
(30 – 39) ; (45-69) ; (78-90) & (157-171) GHz
•Series of 2 down mixing stages at 

3

From 
the
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A. Dabrowski, 17 October 20079/24

g g
each detection station.

the 
beam



Double target system as a new 
CDR generatormicrowave

P K t RHUL
g

dump P. Karataev, RHUL

b
reflectionCDR

beam

line
 background

coherent

(wakes, SR)

CDR

microwave
dump detector

As a detector module one might use an interferometer system for the beginning to be

p
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As a detector module one might use an interferometer system for the beginning to be
able to develop the bunch diagnostics method. A single shot grating type spectrometer
system is also considered.
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CLIC workshop 07Instrumentation Working GroupInstrumentation Working Group
CLIC 07CLIC 07

Beam 
Parameters

Drive Beam 
Requirement/limit

Drive Beam
Monitor

Achieved 
performances

Resources

Intensity Σ Bandwidth 20GHz ?
Dynamic range ?

WCM 500MHz-20GHz
-

FP6

Inductive BPM Precision 10μm FP6

Position x,y Precision 10μm
Resolution 1-10μm

Re-entrant cavity

μ
Resolution >180nm
Precision ?
Resolution 3.2nm

Saclay

Cavity BPM Precision ?
Resolution 15nm

RHUL/ILC

Energy spread ΔE/E 10-5 - - -

Bunch length σz 1ps RF deflector
Streak camera
RF pick-up

<1ps
~1ps

>0.3ps

CTF3
CTF3
CTF3

Beam size σ Beam charge : 587μC OTR Beam charge : 1.6μC -

Beam loss Not specified - - -
Phase stability 0.1º@12GHz Detector - FP7
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Electronic tested ~0.1º FP6



CLIC workshop 07Instrumentation Working GroupInstrumentation Working Group
CLIC 07CLIC 07

Beam 
Parameters

Main Beam 
Requirement

Main Beam
Monitor

Achieved 
performances

Resources

Position x,y Precision 1μm
Resolution 100nm

Inductive

Cavity

Precision 10μm
Resolution >180nm
Precision ?

FP6

RHUL/ILC
Resolution 15nm

Energy spread ΔE/E In the BDS : 3 10-4 Dipole – BPM
(resolution 100nm pos)

~ BPM -

Bunch length σz 150fs RF deflector

CDR

~100fs

-

CTF3

RHUL
Beam size σ 
(emittance)

Precision : 1μm
10% error

Laser Wire Scanner Precision
Resolution

RHUL/ILC

Beam loss /MP Not specified - - -

Luminosity L Not specified Beamstrahlung - -
Polarisation Not specified Compton scattering - -
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SSummary

• Two very interesting and lively sessions
L t f di i d l id• Lots of discussion and several new ideas

have emerged
• Room for new collaborations
• Thankyou to all the participantsThankyou to all the participants
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