
Identification of Beam Losses at LHC
Summer Student Project, Supervisors: Belen Salvachua, Mirko Pojer

Micha l Wyszyński
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LHC Machine protection

LHC Machine protection

LHC 2015 parameters

Circumference 26.7km
Injection energy 450GeV
Nominal energy 6.5TeV
Total intensity 3.2 · 1014p
Bunches 2808
Stored energy 360MJ

Prevent damage from
beam by:

cleaning beam tails
→ Collimation
System,

monitoring beam
losses → BLMs.

Figure : Layout of the LHC ring, image from [5]

Figure : 1m long block of copper damaged by 0.5MJ of 16 GeV electrons, image from [6]
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LHC Machine protection

Collimation system

Figure : Hierarchy of collimators, image from [2] Figure : Placement of collimators, image from [2]
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LHC Machine protection

Beam loss monitors

Around 3500 ionisation chambers
around the ring detecting secondary
paricles from shower caused by
protons hitting material.

Installed in critical locations
determined by Monte Carlo
simulations of particle showers. Each
collimator has at least one BLM.

Values converted to dose rate (Gy/s)
and compared with corresponding
thresholds. If one threshold
exceeded, beam dumped to avoid
quench.

Figure : Lossmap, image from [7]
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Micha l Wyszyński (WUT, CERN) LHC Beam Losses August 12, 2015 5 / 12



LHC Machine protection

Beam loss monitors

Around 3500 ionisation chambers
around the ring detecting secondary
paricles from shower caused by
protons hitting material.

Installed in critical locations
determined by Monte Carlo
simulations of particle showers. Each
collimator has at least one BLM.

Values converted to dose rate (Gy/s)
and compared with corresponding
thresholds. If one threshold
exceeded, beam dumped to avoid
quench.

Figure : Lossmap, image from [7]
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Decomposition, lossmaps and algorithm

Motivation and principle of losses decomposition

Different loss mechanisms generate losses of different patterns in different places
in the ring.

Identifying them may help us understand the beam behaviour and improve
machine performance.

Decomposition of loss profiles as linear combinations of well-known scenarios.

A few loss scenarios n for many monitors m. Decomposition from m-dim. space
in n-dim. subspace. Factors of decomposition are contributions from scenarios.

The difference between loss profile recomposed using these factors and measured
loss profile is a measure of the quality of decomposition. SVD is used to calculate
the decomposition.
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Decomposition, lossmaps and algorithm

Loss scenarios

Beam losses occur mainly when beam is off-momentum (longitudinal oscillations)
and off-tune (horizontal and vertical betatronic oscillations).

Protons are then lost on collimators dedicated for momentum or betatron cleaning.

Off-momentum particles are removed from the beam mainly in Interaction Point
3, off-tune ones mainly in IP7.

When creating a reference lossmap radio frequency is changed (momentum) and
beam is excited in a particular plane (betatron).

There are six basic scenarios: B1H, B1V, B2H, B2V, B1+B2 +500Hz,
B1+B2 -500Hz.
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Decomposition, lossmaps and algorithm

SVD

X - measured loss (size m× 1), M - matrix of scenarios (size m× n), F - factors
of decomposition (size n× 1). SVD:

M = UΣWT ,

U,W - orthogonal matrices with singular vectors. Σ - diagonal matrix of singular
values (size m× n). Σ+ - pseudoinverse of Σ. Pseudoinverse of M is:

M+ = WΣ+UT .

Factors of decomposition:

F = M+X.
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Results

Validation of scenarios and algorithm

Figure : Beam 1 horizontal lossmap, image from [3]

Figure : Off-momentum lossmap, image from [3]

Figure : Beam 2 horizontal lossmap, image from [3]

Figure : Decomposition of squeeze non-colliding lossmaps on
squeeze colliding ones
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Results

Application (fill 4008)

Figure : Fill 4008. Left: signal from BLMs, right: decomposition of fill 4008, B1H losses are dominant
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Next steps

Next steps

Build an online display API to apply the decomposition on-the-fly and identify loss
scenarios.

This display would be running in the CCC.

Figure : Screenshots of some of the CCC APIs, images from [7]
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Next steps
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