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A BPM for CLIC

Where Main Beam, before Quadrupole

Bunch frequency 2 GHz

Meas Frequency 2xn GHzMeas. Frequency 2xn GHz

QL <400

Wakefields WL(s)<46V/pC
WT(s)<13V/pC/mm

Requirements Aperture >4 mm
Precision 10μm

Resolution 50nm
Available length 95mm/65mm

CLIC Workshop 2008



The first study of the precision BPM for 
CLIC was done back in 2002.
At that time the idea was to use slotted 
TM 11 cylindrical cavity to increase the 
rejection of the common mode due to:
1 Natural symmetry1. Natural  symmetry
2. The cut-off properties of the 
waveguide.

To manipulate the impedance of the 
cavity, the tuning of the waveguide and 
the cavity mutual position was foreseen.
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Slotted cavity BPM family

DIPAC 2007
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PAC 2003



Another approach suggests to use the so 
ll h k h hcalled choke cavity. In this case the common 

and HOM are not rejected, but heavily 
damped. 
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Monopole mode TM01

Some illustrations :Electric field patters in the cavities
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Choke cavitySlotted cavity



As we have seen there is a number of BPM’s which have been 
developed in a paste decade that are capable to satisfy the CLIC p p p y

requirements (resolution < 100 nm). 

So why should we bother to develop “yet another” BPM?So why should we bother to develop yet another   BPM? 

My personal points

All the mentioned BPMs have been designed to deliver 1 nm range resolution. 
But none of them managed !

For the initial machine tuning, the reduced peak current (charge/bunch or F m g, p ( g
pulse length) will be used. Even pilot bunches. So we must foresee quite a margin 
for the BPM resolution (factor 10 better?) compared to the routine operation.

Two thousands BPMs will be installed along the linac. Special care must be g p
taken about their impedance. Both for the short and long range wakes.

BPM now requires quite a sophisticated post processing and electronics, can 
we do it better?  

Our target was to try to develop the “single-mode” BPM with natural 
l ( h )
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resolution < 10nm (without any post-processing)



Improving the Choke BPM #1
Coupling antenna substituted by the ridged waveguide 

further rejection of the TM0n modes
A ll th id d WG id t WG t ff

j
As well, the ridged WG avoids resonance at WG cutoff 

that appears for the rectangular one:
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Improving the Choke BPM #2

Still a few HOM’s are trapped in the choke

Next we introduced the damping sectors:

Respect the TM11 (cut-off frequency)

Still a few HOM s are trapped in the choke

Respect the TM11 (cut off frequency)
Absorb HOM’s not damped in the choke 

absorber 
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The New Choke BPM

CLIC Workshop 2008



New choke BPM Slotted cavity BPM

GDFIDL Simulation Results #1. Port signals

Transverse modes

Longitudinal modes
Transverse modes

Longitudinal modes

Internal single 
bunch resolution~ 1 micron 500 micron

The two port pairs combination through the hybrid normally reduces the signals 
induced by the longitudinal modes by at least 20 dB 

Single bunch resolution 5 mic n~ 10 nm
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Single bunch resolution 
without post processing

5 micron 10 nm



GDFIDL Simulation Results #2. Port signals and spectra

TM01

TM11
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GDFIDL Simulation Results #3. Wakes

W <<13V/pC/mmWT<<13V/pC/mm

CLIC Workshop 2008

WL<< <46V/pC



Discussion

We have proposed the concept of the quasi “single moded” BPM 
with internal resolution in the nanometer range.

The further development is needed to bring the device design to 
the required specs:

Optimization of the impedance and coupling factor for the 
particular machine needs: currents/charges beam time structure 
and beam position resolution requirements. p q

Tolerances analysis including crosstalk and etc.
Mechanical design.
The required minimum of the post processing and electronics is 

needed to be defined.
Testing of the device.

We are encouraging and inviting everybody to join our 
efforts in the development, fabrication and testing of 

the high precision PBM for Linear Collider!
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the high precision PBM for Linear Collider!


