
A next generation digital 
BPM system for the LHC

Considerations about a system to be..



Outline

• The LHC BPM-Interlock system’s DAQ: a testbed

• Challenges in scaling the BPM-Interlock system to the full LHC

• Possible routes 
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LHC P5, USC55, BPMSY4L5 (Stripline) 
1.24e11 Bunch Intensity 
Acquired with 8 bit – 18 GHz scope

The actual signals



Beam Results : position estimation algorithm

Electrode signal power estimation and Delta/Sigma normalization to 
extract the displacement  x:

A B
𝑥 = 𝑘

𝐴 − 𝐵

𝐴 + 𝐵

A = 𝑐 ∗ 𝐼 ∗ (1 + 𝑎 ∗ 𝑥)

B = 𝑐 ∗ 𝐼 ∗ (1 − 𝑎 ∗ 𝑥)



Beam Results : position estimation algorithm

• A and B estimated from the signal power

• Signal power estimation by Root Mean Square (RMS) algorithm

𝐴 = 𝑔 ∗ ෍𝑆𝑖
2 𝐴2 − 𝐵2

𝐴2 + 𝐵2
=

2 ∗ 𝑎 ∗ 𝑥

(1 + 𝑎2 ∗ 𝑥2)

|𝐴2 − 𝐵2| < 𝑇ℎ ∗ (𝐴
2 + 𝐵2)We can think of using a very simplified trigger condition:



The tested mezzanines (ADCs)

• HTG FMC (AD9208)
• 14 bits(9.6ENOBs) 
• 3.0 Gsps

• Resolution for 1E10 protons: 
• Obtained @2.6Gsps : 130um
• Ultimate  @3.0Gsps : 120um
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• Vadatech FMC (ADC12J4000)
• 12 bits(8.8ENOBs) 
• 4.0 Gsps

• Resolution for 1E10 protons: 
• Obtained @3.2Gsps : 200um
• Ultimate  @4.0Gsps : 180um



Measurements Vs Simulation
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Intensity is scaled in order to cover the 
full ADC range with maximum intensity 
(2e11) and displacement (± 7.5 mm).



Synchronous Vs Asynchronous



Synchronous Vs Asynchronous



Scaling the BPM-Interlock system to HL-LHC

• Cost

• Real estate

• Radiation tolerance



Scaling the BPM-Interlock system to HL-LHC

• Cost - @5k per plane: 10*10k => 1000*10k

• Real estate

• Radiation tolerance



Scaling the BPM-Interlock system to HL-LHC



• SEL

• TID
• Failure level

• Speed of components…

• SEU
• Dataflow

• PLLs

• Filters and acquisition parameters

• Configuration memory

Scaling the BPM-Interlock system to HL-LHC



Rad tol ADC example

SYSTEM CONSIDERATIONS:

• Glue logic and data reduction in FPGA

• I/O speed of interfacing logic > ¼ Fs

• Data transmission :
• FPGA transceivers
• LpGBT







Hope from Xilinx…
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