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Measuring particle beam trajectories 
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�  Radius: 100 m

�  Energy: 26 GeV

�  RF harmonic: 8 to 420

�  Bunches: 1 to 420

�  Charge/bunch:

   1·109 to 8·1012 Q
0

�  Pick-Ups: 40 

�  PU type : Electrostatic

The CERN PS complex
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Pick-Up electrodes

�  Length: 62 mm

�  Aperture: 166x80 mm

�  Capacitance: 100pF

�  R
t
: 0.52Ω

�  S
x
: 174 mm

�  S
y
: 82 mm
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Digitizing hardware: Libera

� Four 125MSPS, 12 bit ADCs

� Large SDRAM

� Xilinx Virtex II FPGA 

Acquisition
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Sample signals
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Evolution of bunch length during acceleration
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Zoom in on LHC-type 
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�  Fullwave rectify and low-pass filter Σ  to get an estimate of the baseline

�  Then add that to the original Σ  

�

 Similar for ∆, but still use Σ to get the sign of the correction

Raw signal With base line restored

Principle of base line restitution
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Principle of base line restitution
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Turns

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

"is"
"ix"

x � S x

�

x

�

Finding the position

Integrals Positions

=0.1mmσ

Turns

mm

-30

-20

-10

0

10

20

30

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

"Xpos"



9  J.M. Belleman

Measuring particle beam trajectories 

Resolution

Turns
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Interpolation between sampling points

�  Fit a parabola through each successive sample triplet

�  Sum the definite integrals
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This doesn't yield any improvement!

(For example, with a=-0.5 and b=+0.5, this gives k
1
=1 and k

2
=22)
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Revolution Frequency vs. B field
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Creating a reference frequency

�  Numerical phase locked loop

�  DDS running at F
rev

�

 
 Lookup table generates LO and Gate

filter

θ

sysclock
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fB−>f +
+

+

B
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BLR
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�  Insensitive to changes in filling patterns

�  Independent of signal polarity

�  Can be made to deal cleanly with RF gymnastics
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PLL response analysis
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PU signal and reconstructed RF at h=7 Evolution of RF frequency during acceleration

Phase error (ε) vs. PU and RF phase difference

Creating a reference frequency

 There is a trade off between settling time and accuracy:
�  Too slow and it won't follow acceleration

�  Too fast and the reconstructed RF will be noisy

(Past experience indicates that 20-100µs is about right)
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Digital filters
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�  0.9911... is an awkward value for a filter parameter

Nice values are: 
127/128=0.992...
255/256=0.996...
511/512=0.998...
1023/1024=0.999...
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Using sweet filter values and inserting (unavoidable) pipeline delays
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