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M. Wendt, Cold Cavity BPM R&D for the ILC, FermiLab 

M. Wendt, Overview of recent trends and developments for BPM systems, FermiLab 
E. Mamad, Particle Physics, Cosmology and Accelerators Lectures FYSC24, Lund University 

ILC’s demands:  
Achieve high luminosity at the IP 

To guide and stabilise the beam, we require high-resolution beam 
position monitors (BPM) with spacial resolution < 1 μm

ILC Project:  
• Next large particle accelerator for high energy physics 
• Two ≈ 10 km long superconducting LINACS 
• Collide  GeV electrons and positrons beams at the 

interaction point (IP) 
• Potential Higgs Factory 

2 × 250

Beam diagnosis: 
Measure and evaluate the properties and behaviour of the beam 
(current, position, momentum…)

Introduction

Figure: Schematic layout of ILC
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Figure: pill-box cavity BPM scheme



Introduction

3M. Wendt, Cold Cavity BPM R&D for the ILC, FermiLab 
Tomohiro Yamada, Test cryostat for BPM-SCQ, KEK

Development of a re-entrant cBPM for the ILC Main Linac Measurement requirements: 
Spatial resolution < 1 μm 
Temporal resolution < 369 ns

Mechanical requirements: 
Mechanical fit of the BPM and the SC quadrupole magnet 
Cryogenic and UV conditions have to be met 

Project in collaboration with KEK and CIEMAT: development of 
the cryostat for a BPM and a super-conducting quadrupole

Beam 
parameters

ATF ILC

Beam energy 
(GeV)

1,3 250

Bunch charge 
(nC)

1,6 3,2

Bunch spacing  0,33 s 369 ns

Bunch length 
(mm)

7 0,3

The designed BPM will initially be tested at ATF (Accelerator 
Test Facility)

Figure: Cryostat accommodating 
BPM and SC quadrupole



4

➔ Working principle 
Cavity BPMs are resonant systems crossed by the beam pipe. 
EM modes are induced on the cavity by the beam and their 
amplitude depends on the beam position.  

Two modes in particular are of interest:

 R. Lorenz, Cavity Beam Position Monitors, DESY 
M. Viti, Resonant Cavities as Beam Position Monitor, DESY

Monopole mode TM010 Dipole mode TM110

Figure: Cross-sectional view of the TM  
modes in a pillbox cavity

VTM110 ∝ qbunch × δx

pipe axis

a

L

δx

TM110

TM010

beam

a

L

TM110

pipe axis

beam

·

.

.
I ·.fo.

.

:
.

...........
.... ..................... ↑ -.......... ........ - ~ - - -

.

I
.

I
,

Figure: Representation of the E-fields induced in the cavity

VTM010 ∝ qbunch

The monopole gives 
the reference signal:

The dipole gives the 
position information:

I. Resonant cavity Beam Position Monitor

A) Pillbox cavity BPM
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II. Performance of the cBPM

A) Existing model developed by CEA Saclay

Figure: Drawing of the CEA Saclay cBPM
Figure: CST simulations of the CEA Saclay cBPM

Figure: CEA Saclay cBPM 
installed at ATF

Operation frequency: 1.725 GHz Resolution : around 4 mμ
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M. Viti, Resonant Cavities as Beam Position Monitor, DESY

II. Performance of the cBPM
• Resonance frequency :  Operation frequency of the BPM (two modes)  Mainly determined by the electronics and repetition 

frequency of the accelerator  
depends on the geometry of the cBPM 

• Loaded quality factor : Determines the coupling of the cavity with the exterior but also the length of the waveforms in time 

• Normalized shunt impedance : Evaluates the effect from the beam in the cavity. This factor determines the sensitivity of 
the observed output signals.  

• S-parameter  (at the dipole mode frequency): Determines the coupling between orthogonal ports. A high coupling will 
produce a reading on the y-port when there is beam shifted on the x-axis only, known as cross-talk. 

fm →

QL

(R /Q)m

S21

τ = 2QL /ωmnp

(R /Q)monop = constant ⇒ (R /Q)monop,δx = (R /Q)monop,x0 (R /Q)dip ∝ δx ⇒ (R /Q)dip = (R /Q)dip,x0
×

δx
x0

B) Parameters of interest
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II. Performance of the cBPM

1.610 < fdip < 1.638 GHz

10 ns × π fm < QL < 100 ns × π fm10ns < τ < 100 ns ⇒

|S21( fdip) | < − 30 dB

Because of filters specifications: 

To have the right length of signals:

(R /Q)dip > 0.27 Ω                 increases the sensitivity of the 
measurements 

→(R /Q)monop should be kept similar to (R /Q)dip

To keep the cross-talk to a minimum:

B) Parameters of interest
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III. Design and development of a NEW re-entrant cBPM

Figure: Drawing of the CEA Saclay cBPM

Global requirements: 
• High precision BPM with a time nanometer resolution (< 369 ns) 
and a spatial resolution < 1 μm 
• ILC beam bunch by bunch measurements (low enough ) 
• Low beam dynamics impact (wakefields studies) 
• Ultra high-vacuum and cryogenic temperatures performance 
• Attachment with SCQ

QL

A) New BPM requirements

Figure: CST simulations of the CEA Saclay cBPM
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B) Latter BPM design

Mode Monopole Dipole (on x)

Freq 
(GHz) QL

R/Q (Ω) 
@ 5 mm

S11  
(dB)

S12  
(dB)

Freq 
(GHz) QL

R/Q (Ω) 
@ 5 mm

S11  
(dB)

S12  
(dB)

SACLAY 1.255 23.8 12.9 -5.7 -6.5 1.724 59 0.27 -25.0 -33

Our Optimization 1.120 37.65 14.47 -5.4 -6.6 1.626 72.30 0.357 -16.3 -30.6

Parameters of optimisation 
(mm): 

Uses a commercial feedthrough 

Modification of parameters 
, ,  and  to obtain desired 

performance
r3 l da g

l

da

g

r3

Increases sensitivity Avoids cross-talkIncreases signal length Proper frequency for ATF

III. Design and development of a NEW re-entrant cBPM
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B) Latter BPM design The contact of the feedthrough with the BPM is being evaluated

We are working with Neptury Technologies for the construction of the new cBPM.

III. Design and development of a NEW re-entrant cBPM
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IV. Análisis de las tolerancias del BPM A) Variación de un solo parámetro
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IV. Análisis de las tolerancias del BPM A) Variación de un solo parámetro
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IV. Análisis de las tolerancias del BPM B) Variación multi-paramétrica
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IV. Análisis de las tolerancias del BPM B) Variación multi-paramétrica
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IV. Análisis de las tolerancias del BPM C) Estudios de excentricidad de la cavidad
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IV. Análisis de las tolerancias del BPM C) Estudios de excentricidad de la cavidad
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IV. Análisis de las tolerancias del BPM

D) Estudio del desalineamiento al soldar las piezas del BPM
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IV. Análisis de las tolerancias del BPM

E) Estudio del efecto que las antenas del conector coaxial estén torcidas
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IV. Análisis de las tolerancias del BPM

E) Estudio del efecto que las antenas del conector coaxial estén torcidas



29

IV. Análisis de las tolerancias del BPM

F) Estudio del desalineamiento de los ejes de la beam pipe y la cavidad reentrante
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IV. Análisis de las tolerancias del BPM

F) Estudio del desalineamiento de los ejes de la beam pipe y la cavidad reentrante
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