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• We have designed a Cavity Beam Position Monitor for the EuPRAXIA@SPARC_LAB 
project.  

• A particular set of parameters for the prototype were determined in order to fulfil the 
EuPRAXIA@SPARC_LAB requirements.  

• Based on this set, simulations were performed with ANSYS HFSS for frequency domain 
calculations, using the wire technique, and CST for simulating the passing particle beam, 
to verify the goodness of the design layout and optimise it. 

• Sensitivity to the possible fabrication errors and performance degradation of the prototype 
have been studied.  

• Theoretical resolution of the device was approximated with the upper limit for additional 
contribution in noise due to the mechanical tolerances. 

• Mechanical implementation, based on the new clamping method, developed at LNF INFN, 
is proposed.   

• Foreseen future tests. 
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EuPRAXIA@SPARC_LAB project and it’s requirements

The layout of the EuPRAXIA@SPARC_LAB infrastructure.

The control of the charge and the trajectory at a few pC and
few μm is mandatory in this machine, especially in the plasma
interaction region. However, other kind of BPMs, such as 
stripline BPM, can be used only at the beginning of the 
accelerator, where the beam pipe is 40 mm. But starting from X 
band structures, the pipe size decreases. Also, one of the most 
important parameter was considered to be the length of the 
device.
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EuPRAXIA@SPARC_LAB project beam specifications.

EuPRAXIA@SPARC_LAB’s beam parameters for plasma and conventional RF linac driven FEL.
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Dual-Resonator cBPM full object sketches

Sensitivty of the device should be of 
the order of 5 V/nC/mm in order to 
provide <1 𝜇m resolution.
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Working principle and theory of Cavity Beam Position Monitors.
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Transit time factor for the monopole and 
dipole modes of a pillbox cavity with 
different lengths. 

Dependence of the shunt impedance on the 
cavity length.
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Geometrical parameters for the monitor.

The width of waveguide (a) has to be chosen such, that its cut-off frequency is 
located between TM_010 and TM_110 cavity modes.

The monopole signal is exponentially decaying along the waveguide, 
therefore, it is better to have minimal height (b) (compromise has to be found 
between height and coaxial output transmission quality).

The length (c) has to be chosen in order to eliminate reflections.
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Different types of coupling were simulated for waveguide to coaxial transition substructure.
Waveguide wall W

aveguide short-end

x

z

Coaxial feed-through

Waveguide to coaxial transition.

Exposition of how sufficient transition is 
achieved between the waveguide and coaxial 
antenna by changing the x and z parameters.
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Port 1

Port 2



Mag S(1,2) parameter for 5.1 GHz waveguide to 
coaxial transition for the direct coupling case.
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dB S(1,1) parameter for 5.1 GHz waveguide to coaxial 
transition for the direct coupling with whip antenna.

dB S(1,1) parameter for 5.1 GHz waveguide to coaxial 
transition for the inductive coupling with whip antenna.

dB S(1,1) parameter for 5.1 GHz waveguide to coaxial 
transition for the capacitive coupling.

Waveguide to coaxial transition for dual-resonator cBPM.
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Caption

Simualting position cavity with wire for dual-resonator cBPM.
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Caption

Simualting position cavity with wire for dual-resonator cBPM.
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     dependence on the position cavity length 
variation.

Output voltage Vout dependence on the position 
cavity length variation.

Optimizing position cavity length for dual-resonator cBPM.

𝑄0

After the prototype conceptual design was obtained, separate parts still need to be tuned to match the required properties and deliver 
optimal performance. However, the cavity beam position monitor can be considered as a system, where one component/dimension 
variation causes changes to other parameters, one can still divide the whole system into separate parts and start the design process to 
unite them in one particular layout then.
To determine the optimum position cavity length, which will provide sufficient output voltage for the required spatial resolution, 
corresponding simulation and long enough decay time , the output voltage dependence on the position cavity length with quality 
factor was set up.

𝜏
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Optimizing WG and x,z dimensions for Dual-Resonator cBPM.

dependence on the waveguide width 
variation.

Vout dependence on the waveguide width 
variation.

𝑄0

Coaxial feed-through position 
variation influence on the output 
voltage and quality factor. 

The zero on the axis is the 
position where it is located in the 
original design 
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The 5.1 GHz prototype position cavity's optimised design. Dimension values for the 5.1GHz prototype 
position cavity.

Position cavity’s dimensional values and tolerances.

Dimension tolerances to the 1mm change for the 5.1GHz 
prototype position cavity.
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Output voltage signal coming out from the reference 
cavity with a 1 mm beam offset. Wakefield simulation.
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Schematic view of reference cavity 
with geometrical indications.

Dimensions and tolerances to 1 mm change for the 5.1GHz prototype reference 
cavity.

Reference cavity’s dimensional values and tolerances.

It consists of a particular pillbox where the antenna is inserted in 
the bulge. In general, the insertion depth of the antenna in the 
bulge determines the desired output signal level. In particular, the 
closer the antenna end is to the cavity wall, the higher the output 
signal amplitude becomes.
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Output voltage signal coming out of one of 
the coaxial ports for position cavity.

FFT of the signal coming out from the 
coaxial port.

Dual-Resonator cBPM prototype wakefield simulations.
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Sensitivity and mechanical tolerances of the monitor.

 

Simulated output signal, generated by 1nC, 
1 mm offset beam, due to  coupling 
as a function of waveguide misalignments.

TM010

Dipole mode  coupling to 
orthogonal port as a function of 
waveguide angle and position errors.

TM110
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Position cavity ports cross-coupling and 
isolation between the position and reference cavities.
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Sensitivity and theoretical res. for dual-resonator cBPM.

          Thermal noise level.
Additional 10 V contribution in total  due to fabrication errors.
Additional 20 V contribution in total  due to fabrication errors.
Additional 30 V contribution in total  due to fabrication errors.
Output voltage due to the beam offset in mm.

𝜇 V𝑜𝑢𝑡
𝜇 V𝑜𝑢𝑡
𝜇 V𝑜𝑢𝑡
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Mechanical implementation.

IPAC 2021

The device is assembled from three parts, using the 
clamping method.
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Future tests.

IPAC 2021

Once the first prototypes will be fabricated, bench-top measurements and beam tests will be 
performed. Such a new test-bench for cBPMs at SPARC-LAB at INFN-LNF was designed and will 
be used in the prototype tests.
The test bench aims to perform measurements on the manufactured cBPMs. The main reason for 
these is to investigate further the prototype presented in this poster and its properties, dealing with 
the new challenges related to beam diagnostics for the EuPRAXIA@SPARC_LAB.
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• Cavity BPM design process and strategy for achieving the required 
specifications are described. 

• Dual-resonator cavity BPM prototype is proposed. 
• Sensitivity and theoretical resolution for developed cBPM are 

evaluated. 
• Future tests, once the monitor is manufactured, are determined. 

Conclusions
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