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AWAKE Beamline

• Protons affect the reading of downstream electron BPMs

• We cannot use these eBPMs to predict where the e- and p+ cross in 
the plasma source

    

  

  



Idea (F. Velotti)

• Can we use a model using the upstream eBPMs to predict the 
downstream ones?

    

  

  



Model

• Assume the position of the e- and p+ is determined by the betatron
oscillation and dispersion

𝑦𝐵𝑃𝑀 = 𝛽𝑖 ⋅ 𝑦𝛽𝑖 + 𝐷𝑖 ⋅ 𝛿𝑃



Model

• Assume the position of the e- and p+ is determined by the betatron
oscillation and dispersion

• Dispersion and beta function are
given by the MADX model

• The betatron oscillation and
the momentum offset are unknown

𝑦𝐵𝑃𝑀 = 𝛽𝑖 ⋅ 𝑦𝛽𝑖 + 𝐷𝑖 ⋅ 𝛿𝑃



Momentum Offset

• If the energy of the beam is different than of the design, the beam is 
diverted more/less by the dipoles than desired.

• The energy of the e- beam from the gun changes from event to event.

• We need to compute the momentum offset for each event.



Momentum Offset

• Select two eBPMs (430103 and 430129) with a shift of π in phase

𝑦𝛽 = 𝐴 cos 2𝜋 ⋅ 𝜇 𝑠 + 𝐵sin 2𝜋 ⋅ 𝜇 𝑠

𝑦𝐵𝑃𝑀1 = 𝛽1 ⋅ 𝑦𝛽1 +𝐷1 ⋅ 𝛿𝑃 𝑦𝐵𝑃𝑀2 = 𝛽2 ⋅ 𝑦𝛽2 +𝐷2 ⋅ 𝛿𝑃 𝑦𝛽1 = −𝑦𝛽2



Momentum Offset

• Select two eBPMs (430103 and 430129) with a shift of π in phase

𝑦𝛽 = 𝐴 cos 2𝜋 ⋅ 𝜇 𝑠 + 𝐵sin 2𝜋 ⋅ 𝜇 𝑠

𝑦𝐵𝑃𝑀1 = 𝛽1 ⋅ 𝑦𝛽1 +𝐷1 ⋅ 𝛿𝑃 𝑦𝐵𝑃𝑀2 = 𝛽2 ⋅ 𝑦𝛽2 +𝐷2 ⋅ 𝛿𝑃 𝑦𝛽1 = −𝑦𝛽2



    

  

  

Momentum Offset

• Select two eBPMs (430103 and 430129) with a shift of π in phase

• Check:

𝑦𝛽 = 𝐴 cos 2𝜋 ⋅ 𝜇 𝑠 + 𝐵sin 2𝜋 ⋅ 𝜇 𝑠

𝑦𝐵𝑃𝑀1 = 𝛽1 ⋅ 𝑦𝛽1 +𝐷1 ⋅ 𝛿𝑃 𝑦𝐵𝑃𝑀2 = 𝛽2 ⋅ 𝑦𝛽2 +𝐷2 ⋅ 𝛿𝑃 𝑦𝛽1 = −𝑦𝛽2

2𝜋 𝜇(𝑠𝐵𝑃𝑀129) - 2𝜋 𝜇(𝑠𝐵𝑃𝑀103) ≈ π



Momentum Offset



Betatron Oscillation

• Use the eBPMs with proper readings and use 𝛽𝑖 ⋅ 𝑦𝛽𝑖 = 𝑦𝐵𝑃𝑀 −𝐷𝑖 ⋅ 𝛿𝑃

    

  

  



Betatron Oscillation
using 𝛽𝑖 ⋅ 𝑦𝛽𝑖 = 𝑦𝐵𝑃𝑀 − 𝐷𝑖 ⋅ 𝛿𝑃



Betatron Oscillation



Results 𝑦𝐵𝑃𝑀 = 𝛽𝑖 ⋅ 𝑦𝛽𝑖 +𝐷𝑖 ⋅ 𝛿𝑃
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Results



Results
Problem



Results -Problem



Results -Problem



Improvements

• Use the 10Hz data (until now 1Hz or extraction)

• Investigate shift (include dipoles into MADX?)



Comparison with Spencer's Results



Thank you!



Betatron Oscillation



Betatron Oscillation check 𝑦𝛽 = 𝐴 cos 2𝜋 ⋅ 𝜇 𝑠 + 𝐵sin 2𝜋 ⋅ 𝜇 𝑠

𝑦𝛽𝟏𝟎𝟑
[μ𝒎]

𝑦𝛽𝟏𝟐𝟗
[μ𝒎]

127 -38

29 -9

105 -31

27 -8

48 -14

60 -18

23 -7



    

  

  

𝑦𝛽2 = 𝐴cos 2𝜋 ⋅ 𝜇 𝑠2 + 𝐵 sin 2𝜋 ⋅ 𝜇 𝑠2

𝑦𝐵𝑃𝑀2 = 𝛽2 ⋅ 𝑦𝛽2 + 𝐷2 ⋅ 𝛿𝑃 𝑦𝛽1 = −𝑦𝛽2

𝜇 𝑠𝐵𝑃𝑀129 − 𝜇 𝑠103 = 0.49


