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l. The BLM syste

Mam goal Av0|d quenches of
superconducting magnets and any damage
induced by beam losses.

— 3600 ionization chambers situated at likely-loss locations.

— Signals integrated in 12 intervals (Running Sums, RS)
spanning from 40us to 83s.

— Continuous comparisons of signals (S) with a set of
predefined thresholds (T). Beam aborted if S>T.

— Data sent to on-line applications for monitoring and
databases for offline analysis.
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losses on the millisecond scale.

® Since then, 48 events have produced beam dumps (operational limitation
for the LHQC).

® Hypothesis: Interaction of micron-size particles with the LHC beam.
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Systematic (on-line) search of below dump threshold UFOs.
Request 2 LOCAL BLMs (within 40m and protecting same beam) with
significant signals (S > 104 Gy/s in RS4, 0.640 ms).
Constrains on ratio of signals in RS2 (80 ps) and RS3 (320 ps) to RS1:
— RS1/RS2 > 0.55.
— RS3/RS2 > 0.45.

Signals in 12 RS for all BLMs stored for offline analysis:
— 2011. ~8000 UFO candidates at 3.5 TeV.
— 2012. ~ 4000 UFO candidates at 4 TeV.
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UFO obser
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Observation all around the LHC ring
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UFO observations Il

e Same tendencies observed from 2010—-2012.

® Linear increase of UFO rate with beam intensity up to a few hundred
nominal bunches.

e Saturation effect for larger intensities.
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UFO observat
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Dependence on beam emittance (calculated from luminosity at the peginning

of the fill)
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UFO observtion
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® Dependence of UFO rate on beam emittance € calculated from Beam

Synchrotron Radiation Telescope at the moment of UFO).
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® Particle reaches the beam due to gravity.
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Dump Stati

Dumps in different locations. Evolution
follow the implementation of

mitigations (BLM threshold increase)
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® |ocation of new BLMs. Arc cell (19R3) and around MKI magnets

I BLM design
extra BLM detectors € ' installation
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® UFO event detection triggers the UFO capture buffer:

Improvement on time resolution. Signals
for all 3600 BLMs saved for ~1000 turns i —— -

-
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every 80 ps =

e Diamond detectors. Bunch by bunch diagnosis. M. Hempel, MOP203.
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FLUKA 5|mulat|ons

A. Lechner
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FLUKA 5|mulat|ons

Good agreement between observatlon and S|mulat|on
Estimation of peak energy density on MB
Confirmation of UFOs originating in multiple location

BLM re-arrangement under investigation
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The theoretical model

e e e —g—— ==

Assumes particle with mass A and (variable) charge Q>>1. Particle influenced
by four forces:

— Gravity.

— Beam electromagnetic.

— Beam image.

— Magnetic (negligible due to particle slow motion)

Model predictions:
— Particle trajectory.
— Charge rate.

— Beam loss rate.
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Predlctlons and observatlons
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Predlctlons and observatlons 1

According to model the loss duration get shorter with intensity

Observed loss duration Predicted loss duration
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Conclusions
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Unforeseen beam losses on the millisecond time scale have been

observed in the LHC.
Cause: Unidentified Falling Objects, dust particles of sizes 1-100 pm
interacting with the LHC beam.

Multiple observations that allow us to estimate the expected number of

UFOs/dumps.

Some mitigations and diagnosis improvements have been/will be
needed.

UFO-like events have been simulated with FLUKA finding a good
agreement with observation.

Theoretical model predicts several of the observed features.

e ————
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September 18th 2012 HB2012 E. Nebot




Thank you for your attention.

And if you have a proton collider...

/&\ ...look out for UFOs!
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BLM signal and dust
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BSRT absolute calibration
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Emittance growth
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