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• QPU at LHC using collimator BPMs

• Main Goals of this MD

• Results and perspectives
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Main Limitations

1. Low sensitivity : typically

2. Position contribution to quadrupolar moment

3. Channel asymmetries
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MD set-up

• Using TCTPH.4L5.B1, TCTPV.4L5.B1 and TCTPH.4R5.B2, TCTPV.4R5.B2

• The standard BPM cabling to the DOROS electronics allows a minimization of 
the systematic errors for position measurements. 

• The second DOROS boxes allows instead a minimization of the electronics 
errors for quadrupolar measurements (Uh vs UV and Dh vs DV )



Can we get better measurements using this new 
compensation of H/V electronic gain error?

‘Standard method’



Can we use collimator aperture scans to cancel 
asymmetric gain errors ?

1.5% error in C0h or C0v means a 200% error in Q

‘Double normalization technique’



Maximizing signal to get best possible sensitivity



Aperture scan

Small position offsets (around 100um) in V plane observed during the scan
• It may affect the calculation of the C0v



Larger errors during aperture scans : possibly due to non-linearities in the electronic chain
• Similar effects as adding an uncertainty of the knowledge of the BPM aperture

Estimation of BPM non-linearities



Not measuring 1 implies an aperture different than the one estimated by motor controller
• Upstream : UH larger aperture than estimated
• Downstream : DH smaller aperture than estimated

Cross-check between Upstream-Downstream BPM



Here again signature of wrong aperture estimation : 
• Upstream H has smaller aperture (C0h) than estimated 

by motor controller
• Downstream H has larger aperture (C0h) than 

estimated by motor controller

Over-estimation of C0v visible from the evolution of Q for 
larger aperture

‘Standard method’
Quadrupolar measurements

Compensated electronic chain

unCompensated electronic chains leads to larger QPU



• Measurement quite noisy – errors not improving compared to standard methods

• Help removing the issue of UpstreamH - Dowstream H aperture 

• Over-estimation of C0v visible from the evolution of Q for larger aperture

Quadrupolar measurements
‘Double normalization technique’



• Measurement quite noisy – errors not improving compared to standard methods

• Help removing the issue of UpstreamH - Dowstream H aperture 

• Over-estimation of C0v visible from the evolution of Q for larger aperture

Quadrupolar measurements

from April 2017

‘Double normalization technique’



Conclusions
• Absolute Quadrupolar Measurements are simple by concept but very challenging in 

reality

• Movable BPMs offer a great opportunity to cancel/remove uncertainty
• But having to rely on 2 consecutives collimators adds some complexity and 

uncertainties

• Analysis still on going to see if we can provide more reliable numbers

• Differential measurements would nonetheless provide useful information (e.g. during 
the ramp) 



Thank you for your attention













BPMs with DOROS electronics installed in LHC collimators







→ 𝜀 ∝ 𝛾𝛽 −1





Estimating change of geometrical emittance 
during the ramp




