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• Introduction.
- Beam Loss Monitoring System (BLM) overview.
- Unidentified Falling Objects (UFO).

• UFO observations.
• Dump statistics.  
• Mitigations and diagnosis.
• FLUKA simulations.
• The theoretical model. 
- The model.
- Predictions and observations.

• Conclusions.



Introduction I. The BLM system
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Main goal:  Avoid 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 40μs 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.



 Introduction II. UFOs
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• 7th of July 2010.  The BLM system requested a beam dump due to beam 
losses on the millisecond scale.

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

• Hypothesis: Interaction of micron-size particles with the LHC beam.
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 Introduction III. UFO detection

• Systematic (on-line) search of below dump threshold UFOs. 
• Request 2 LOCAL BLMs (within 40m and protecting same beam) with 

significant signals ( S > 10-4 Gy/s in RS4, 0.640 ms). 
• Constrains on ratio of signals in RS2 (80 μs) and RS3 (320 μs) to RS1:

- RS1/RS2 > 0.55.
- RS3/RS2 > 0.45.

September 18th 2012                           HB2012                                              E. Nebot                    

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.



 UFO observations I

T. Baer
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Observation all around the LHC ring

ATLAS         ALICE    P CLEANING    RF           CMS       DUMP    β CLEANING   LHCb

Injection kickers MKI

specific ARC cells



 UFO observations II
• Same tendencies observed from 2010→2012. 
• Linear increase of UFO rate with beam intensity up to a few hundred 

nominal bunches.
• Saturation effect for larger intensities.

T. Baer2010
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2012



 UFO observations III

Clear conditioning effect. UFO rate decreases over time (ARC UFOs only)

T. Baer
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Binned Data
Individual Fills
Linear Fit: Gradient = (1.0 ± 0.6) x 10 3 (90% confidence intervals)

 UFO observations IV
Dependence on beam emittance (calculated from luminosity at the beginning 
of the fill)

F. Day
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 UFO observations V

• Dependence of UFO rate on beam emittance ϵ calculated from Beam 
Synchrotron Radiation Telescope at the moment of UFO).

F. Day

Figure 3: Example of a full-width figure showing the JACoW Team at their annual meeting in 2008. The figure carries a
multi-line caption which has to be justified, rather than centered.

of nominal bunches (∼ 1.5 · 1011p/bunch). A saturation
effect is observed for larger intensities, where the UFO rate
remains roughly constant. Figure 3, presents the UFO rate
in the LHC arcs throughout the 2011 and 2012 runs. A
clear conditioning effect is observed with the number of
observed UFOs decaying from 10evts/h to 2evts/h at the
end of the 2011. The UFO rate increased to 5evts/h in the
2012 run and it had decreased back to 2evts/h. A drop in
the UFO rate is observed every Technical Stop (TS) due to
the LHC intensity ramp up and it recovers to the normal
trend after the intensity reaches the current maximum 1380
bunches.
Figure 4 presents the UFO rate during and LHC vs nor-

malized emittance as calculated from luminosity at the be-
ginning at the LHC fill. The green points represent the UFO
rate observed in each individual LHC fill, whereas the blue
circles represent the average of all fills within an emittance
bin. A linear fit performed over the binned data is com-
patible with an increasing tendency of the UFO rate with
emittance. For the calculation, gaussian round beams with
identical size in the horizontal and vertical plane are as-
sumed. Moreover, the emittance values are overestimated
by 20% due to the fact that no crossing angle is considered.
However, the beam emittance grows throughout an LHC

fill [8, 9]. The UFO rate for a beam with emittances within
two limits (εL < ε < εH) is calculated as:

Rate(ε) =
NUFOs(εL < ε < εH)

∆t(εL < ε < εH)
(1)

where NUFOs and ∆t are the number of observed
UFO candidates and the integrated time for beams with
emittances in the given interval. The UFO rate is pre-
sented in figure 5 (6) vs horizontal (vertical) emittance
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Binned Data
Individual Fills
Linear Fit: Gradient = (1.0 ± 0.6) x 10−3 (90% confidence intervals)

Figure 4: UFO rate vs normalized emittance calculated
from luminosity at the beginning of the LHC fill. Only
LHC fills from April until July 2012, with duration larger
than 1 hour and 1374 or 1380 nominal bunches are consid-
ered.

as computed from Beam Synchrotron Radiation Telescope
(BSRT) beam size measurements at the moment of occur-
rence of the UFO 1. Due to technical issues with the ab-
solute calibration of the BSRT in B2, the results presented
reffer exclusivelly to beam one. A different tendency is ob-
served for UFO rates vs horizontal and vertical emittance.
The rate is fitted to a straight line obtaining a slope sig-
nificantly larger for the horizontal case. This asymmetry
suggest that the UFO may be caused by the interaction of
dust particles falling into the beam under the influence of
mainly gravity and not the due to electromagnetic attrac-
tion.
Note that a correlation between bunch charge and emit-
1The BSRT provide measurements of horizontal and vertical beam size

for both beams with a relative (absolute) precision of 10 % (30 %)

• Slightly stronger dependence 
(increasing  behaviour) 
observed with horizontal 
emittance.

• Particle reaches the beam due to gravity.
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B1 Only

Vertical horizontal
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 "2 = 20.2; Degrees of Freedom = 4

Figure 5: UFO rate vs normalized vertical emittance calcu-
lated from BSRT beam size measurements at the moment
of UFO occurrence. Only LHC fills from April until July
2012, with duration larger than 1 hour and 1374 or 1380
nominal bunches are considered.
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Figure 6: UFO rate vs normalized horizontal emittance cal-
culated from BSRT beam size measurements at the moment
of UFO occurrence. Only LHC fills from April until July
2012, with duration larger than 1 hour and 1374 or 1380
nominal bunches are considered.

tance has been observed during for the LHC fills under in-
vestigation. However, previous studies [7] had shown that
the UFO rate remains independent on the bunch intensity.
Moreover, an increase on the UFO rate due to bunch charge
variation would not explain the horizontal/vertical asym-
metry observed.

BEAM DUMP STATISTICS, MITIGATIONS
AND DIAGNOSIS IMPROVEMENT

The 48 beam dumps requested by the BLM system due
to UFO losses observed around the ring are classified ac-
cording to their location and beam energy in tables 1 and
2 respectively. The lack of UFOs observed during injec-
tion and ramp are attributed to two factors, namely: lower
energy density of the secondary shower produced by lower
energy protons and a significantly shorter integrated beam
time at energies lower than top energy 2. The reduction
in the number of observed UFOs in the LHC arcs, Dis-
persion Suppressor (DS) and Straight Section (SS) and in-
jection kickers (MKI) for later runs is a consequence of
the mitigation strategies applied. At the beginning of the
2011 run, the BLM thresholds were increased by a factor
5 in the 2.5ms running sums in order to avoid unnecessary

23.5 TeV during the 2012 and 2011 run and 4TeV during the 2012 run

downtime. Note that the numbers of dumps requested by
the experiment Beam Condition Monitors (BCM) remains
constant.

Table 1: Summary table of UFOs producing beam dumps
at different locations during the 2010, 2011 and 2012 run.

Run ARC DS and SS MKI BCM
2010 3 11 2 2
2011 2 1 11 3
2012 0 3 7 3

Table 2: Summary table of UFOs producing beam dumps
at different beam energies during the 2010, 2011 and 2012
run.

Run Injection Ramp Top Energy
2010 0 1 17
2011 1 2 14
2012 2 1 10

The BLM system in the LHC arcs equips the Main
Quadrupoles (MQ) with three ICs (per beam) separated by
∼ 3 and ∼ 4m respectively. This provides both redun-
dancy and spacial resolution to distinguish between beam
losses originated at a different points within a MQ. How-
ever, the absence of BLMmonitors between twoMQs (sep-
arated by ∼ 50m) prevents from determining the original
location of the beam loss if it happens anywhere within the
three Main Bending (MB) dipoles located in between. Dur-
ing the beginning of the 2011 LHC run, four BLM detec-
tors were situated in the MBs magnets of cell 19R3 3 as
shown in figure figure 7(a)). Data collected during the 2012
run have shown that UFO losses may originate anywhere
within the LHC FODO cell. Two extra BLMs monitors lo-
cated in the surroundings of the MKI magnets and two ex-
tra BLMs downstream of the Q5magnet have also provided
information to determine the location of the UFOs in those
areas. Moreover, diamond detectors located in the momen-
tum cleaning and betatron cleaning areas are being investi-
gated as extra diagnosis for UFO detection [10]. The fast
response of these detectors would allow to investigate the
interaction of dust particles with individual LHC bunches.
Finally, a specific data capture buffer has been developed

in order to allow a further understanding of the UFO tem-
poral evolution. When a UFO event is identified the BLM
data during a window of ∼ 350ms is freezed and saved, in
integration widows of 80µs, for offline analysis.

THE FLUKAMODEL
A FLUKA geometry of a LHC arc cell 4 (MB-MB-

MB-MQ) has been implemented and the interaction of Fe
micron-sized particles with the beam at different positions

3Cell 19R3 is one of the LHC locations where a larger fraction of
UFOs has been systematically observed

4FLUKA simulations of UFO interacting with the proton beam around
the MKI magnets in IP2 have been also performed [11]
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Figure 5: UFO rate vs normalized vertical emittance calcu-
lated from BSRT beam size measurements at the moment
of UFO occurrence. Only LHC fills from April until July
2012, with duration larger than 1 hour and 1374 or 1380
nominal bunches are considered.
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Figure 6: UFO rate vs normalized horizontal emittance cal-
culated from BSRT beam size measurements at the moment
of UFO occurrence. Only LHC fills from April until July
2012, with duration larger than 1 hour and 1374 or 1380
nominal bunches are considered.

tance has been observed during for the LHC fills under in-
vestigation. However, previous studies [7] had shown that
the UFO rate remains independent on the bunch intensity.
Moreover, an increase on the UFO rate due to bunch charge
variation would not explain the horizontal/vertical asym-
metry observed.

BEAM DUMP STATISTICS, MITIGATIONS
AND DIAGNOSIS IMPROVEMENT

The 48 beam dumps requested by the BLM system due
to UFO losses observed around the ring are classified ac-
cording to their location and beam energy in tables 1 and
2 respectively. The lack of UFOs observed during injec-
tion and ramp are attributed to two factors, namely: lower
energy density of the secondary shower produced by lower
energy protons and a significantly shorter integrated beam
time at energies lower than top energy 2. The reduction
in the number of observed UFOs in the LHC arcs, Dis-
persion Suppressor (DS) and Straight Section (SS) and in-
jection kickers (MKI) for later runs is a consequence of
the mitigation strategies applied. At the beginning of the
2011 run, the BLM thresholds were increased by a factor
5 in the 2.5ms running sums in order to avoid unnecessary

23.5 TeV during the 2012 and 2011 run and 4TeV during the 2012 run

downtime. Note that the numbers of dumps requested by
the experiment Beam Condition Monitors (BCM) remains
constant.

Table 1: Summary table of UFOs producing beam dumps
at different locations during the 2010, 2011 and 2012 run.

Run ARC DS and SS MKI BCM
2010 3 11 2 2
2011 2 1 11 3
2012 0 3 7 3

Table 2: Summary table of UFOs producing beam dumps
at different beam energies during the 2010, 2011 and 2012
run.

Run Injection Ramp Top Energy
2010 0 1 17
2011 1 2 14
2012 2 1 10

The BLM system in the LHC arcs equips the Main
Quadrupoles (MQ) with three ICs (per beam) separated by
∼ 3 and ∼ 4m respectively. This provides both redun-
dancy and spacial resolution to distinguish between beam
losses originated at a different points within a MQ. How-
ever, the absence of BLMmonitors between twoMQs (sep-
arated by ∼ 50m) prevents from determining the original
location of the beam loss if it happens anywhere within the
three Main Bending (MB) dipoles located in between. Dur-
ing the beginning of the 2011 LHC run, four BLM detec-
tors were situated in the MBs magnets of cell 19R3 3 as
shown in figure figure 7(a)). Data collected during the 2012
run have shown that UFO losses may originate anywhere
within the LHC FODO cell. Two extra BLMs monitors lo-
cated in the surroundings of the MKI magnets and two ex-
tra BLMs downstream of the Q5magnet have also provided
information to determine the location of the UFOs in those
areas. Moreover, diamond detectors located in the momen-
tum cleaning and betatron cleaning areas are being investi-
gated as extra diagnosis for UFO detection [10]. The fast
response of these detectors would allow to investigate the
interaction of dust particles with individual LHC bunches.
Finally, a specific data capture buffer has been developed

in order to allow a further understanding of the UFO tem-
poral evolution. When a UFO event is identified the BLM
data during a window of ∼ 350ms is freezed and saved, in
integration widows of 80µs, for offline analysis.

THE FLUKAMODEL
A FLUKA geometry of a LHC arc cell 4 (MB-MB-

MB-MQ) has been implemented and the interaction of Fe
micron-sized particles with the beam at different positions

3Cell 19R3 is one of the LHC locations where a larger fraction of
UFOs has been systematically observed

4FLUKA simulations of UFO interacting with the proton beam around
the MKI magnets in IP2 have been also performed [11]
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Dumps in different locations. Evolution 
follow the implementation of 
mitigations (BLM threshold increase) 

Energy (E) dependence understood:

- BLM dose increases with E

- Longer time at top E

Dump Statistics and mitigation



Diagnosis improvement
• Location of new BLMs. Arc cell (19R3) and around MKI magnets

(a) View of cell 19R3
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Figure 7: The l-o-n-g caption for all the subfigures (FirstFigure through FourthFigure) goes here.

[14] N. Fuster et al. “Simulation studies of macroparticles
falling into the LHC proton beam.” IPAC’11, San Sebastian,
September 2011, MOPS017

[15] J. M. Jimenez. “SM12 contamination measurements.” LHC
UFO study group meeting, June 2011.

BLM design 
installationextra BLM detectors 

mobile monitors
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• Diamond detectors. Bunch by bunch diagnosis. M. Hempel, MOP203. 

• UFO event detection triggers the UFO capture buffer:

Improvement on time resolution. Signals 
for all 3600 BLMs saved for ~1000 turns 
every 80 μs



FLUKA simulations
Introduction

Introduction

Considered region: arc cell 19R3

Outline

◦ BLM pattern for different potential UFO

locations around the MBs (protons@3.5 TeV)

◦ Can different UFO positions be

disentangled by the BLMs installed around

MQ magnets?

◦ Demonstration of the resolution gain due

to additional BLMs

◦ Peak energy density in MB coils for 3.5 TeV

and 7 TeV

General BLM coverage of arc cells: 6 BLMs in proximity of each MQ
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A. Lechner (on behalf of the FLUKA team) April 5
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, 2012 2 / 8

Results

Resolution gain with additional BLMs along MBs in 19R3

4 additional BLMs were installed along the MBs in 19R3 by the BLM

team (S. Grishin, R. Tissier) in Feb 2012 (triggered by Tobias)
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Red: largest UFO measured in 19R3
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Measurements

Both positions:

◦ Unsurprisingly, could have been resolved with newly installed BLMs (Note: clear signal in BLM 2

for UFO just one m upstream)

Let’s hope to see a few UFOs in 19R3 in 2012

A. Lechner (on behalf of the FLUKA team) April 5th , 2012 6 / 8
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(a) View of cell 19R3
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(b) Normalized signal for data and fluka simulation
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(c) Peak energy density along the third MB

Figure 7: The l-o-n-g caption for all the subfigures (FirstFigure through FourthFigure) goes here.

[14] N. Fuster et al. “Simulation studies of macroparticles
falling into the LHC proton beam.” IPAC’11, San Sebastian,
September 2011, MOPS017

[15] J. M. Jimenez. “SM12 contamination measurements.” LHC
UFO study group meeting, June 2011.

• Implementation of ARC geometry 
and simulation of several potential 
UFO locations

A. Lechner

• Design BLMs not able to 
disentangle UFO location.
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(a) View of cell 19R3
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(b) Normalized signal for data and fluka simulation
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Figure 7: The l-o-n-g caption for all the subfigures (FirstFigure through FourthFigure) goes here.

[14] N. Fuster et al. “Simulation studies of macroparticles
falling into the LHC proton beam.” IPAC’11, San Sebastian,
September 2011, MOPS017

[15] J. M. Jimenez. “SM12 contamination measurements.” LHC
UFO study group meeting, June 2011.

A. Lechner

• Good agreement between observation and simulation
• Estimation of peak energy density on MB
• Confirmation of UFOs originating in multiple location 
• BLM re-arrangement under investigation



The theoretical model
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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.



Predictions and observations I
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Qualitative agreement between 
temporal loss rate predicted and 
measured.  Comparable loss 
duration

According to the model, the observed 
asymmetries contain information 
about the particle (mass).

Nprot=1.4×1014, 
σ = 0.3 mm

2011-05-29  
Q29L8 B1



Predictions and observations II
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F. Zimmermann

According to model the loss duration get shorter with intensity

 σ = 0.3 mm

Predicted loss durationObserved loss duration

Np=1013

Np=1014
Np=1013 Np=1014



Conclusions
• Unforeseen  beam losses on the millisecond time scale have been 

observed in the LHC.
• Cause: Unidentified Falling Objects, dust particles of sizes 1-100 μm  

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.
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Thank you for your attention.
And if you have a proton collider...

...look out for UFOs! 



measured UFO 
strength distribution

3670 arc UFOs (>cell 12) at 
3.5 TeV with signal RS01 > 

1·10-3 Gy/s.

 

dust contamination 
measured in SMI2

most of the dust consists of silica; 
deviations at large dust sizes are due to 
human interventions and could be steel, 
silver, Ti, etc

size3 (µm3)

number

T. Baer

M. Jimenez

 

BLM signal and dust 



measured UFO 
strength distribution

3670 arc UFOs (>cell 12) at 
3.5 TeV with signal RS01 > 

1·10-3 Gy/s.

 

dust contamination 
measured in SMI2

most of the dust consists of silica; 
deviations at large dust sizes are due to 
human interventions and could be steel, 
silver, Ti, etc

size3 (µm3)

number

T. Baer

M. Jimenez

measured dust distribution 
consistent with observed
UFO strength distribution

 

BLM signal and dust 
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F. Day
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F. Day


