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≈ 2200 ionization chambers out of ≈ 3600 in ring

Quench prevention

Protected by collimators

Can we find any holes in this protection?

 fast and/or very localized losses

LSS and DS losses  next talk by Annika Nordt

Losses in the Arcs
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 UFOs and arc threshold changes 2010

 Other losses in Arc

 Loss maps

 Halo scraping

 Few turn losses after injection

 Thresholds Arc

 Quench tests 2010 and UFO data

 System performance

 Hardware interventions and intervention times

 System Tests 2011

 Summary

Content
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Analysis  by Eduardo Nebot Del Busto

UFOs
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 Conditions:

1. Signal in TCP > 6E-4 Gy/s (2.5 ms integration window)

2. Locally: 3 BLMs within 40 m > 6E-4 Gy/s (2.5 ms integration window)

3. Automatic check and manual confirmation of loss duration

Analysis of ‘UFO type’ ms-time-scale losses
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 Logging DB – 3.5 TeV – stable beams – protons

 110 UFOs identified in ≈ 380 hours (31.7.2010 – 27.10.2010) 

 Most of them far from dump threshold

 Thresholds increased: 1.10.2010 factor 3 and 26.10.2010 factor 5   
(with respect to original: 0.3 * „quench level‟) by Monitor Factor (MF)

Analysis of ‘UFO type’ ms-time-scale losses

10 UFOs dumped the beam during 

analysis periods:

Bunches UFO dumps

24 3

48 2

56 1

152 2

312 1 (dumped by LHCb

not by BLM)

368 1

MF=0.1 MF=0.3 MF=0.5
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 Rate increases with intensity:        

2000 Bunches => ≈ 5.2 events/hour

 What percentage will dump the beam? 

8% in the past

Intensity Dependence – UFO Rate

MF UFOs UFOs 

dumping

0.1 39 18%

0.3 60 1.7%

0.5 11 --
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 Average UFO signal: no 

clear dependence on intensity

 Loss duration: tendency to 

decrease with intensity

Intensity Dependence – Average Signal and Duration
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6 events around 
injection region 
05R8 MKI

4 events 
simultaneous
with RP 
movements

4 x 31R7
2 x 30R7

Only 1 
candidate in  R4 
(05R4)

Only 1 candidate 
in  L6 (28L6) Only 3 

candidates in  
L7 (26L7, 
29L7 and 
31L7)

‘Hot’ and ‘Cold’ Regions along the Ring

Histogram  100m/bin
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‘Hot’ and ‘Cold’ Regions along the Ring

Histogram  100m/bin

Bin [m] UFOs probability

100 0 65%

100 4 9E-2%

1000 0 1%

Length of „cold regions‟: 1200 – 1500 m

Assuming constant UFO distribution along 

LHC (probability 0.3 per hour), 380 hours
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Periods Beam hours UFOs found

Protons 450 GeV (scrubbing) ≈11.5 0

Ions (from pre-ramp to end of stable) ≈154.7 0

Protons (680 bunches) ≈2h 0

Other periods – no UFOs found
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 Loss maps

 Halo scraping

 Few turn losses after injection

Other Losses in Arc
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Ions Momentum Collimation Leakage

Zoom of IP3

IP7IP5

IP3
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Ions Betatron Collimation Leakage

Zoom of IP7

IP7IP6IP5IP3
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Protons Collimation Leakage

B2 only



Eva Barbara HolzerEvian 2010 December 8, 2010 16

Protons B2 Momentum Cleaning Leakage

Q13 Q12
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Preliminary comparison loss maps with simulations

 B1: hardly any losses seen in simulations

 B2: magnitude and certain positions compare well!

Ion Simulations – Giulia Bellodi

+                 B2V Measurement

histogram   Simulation

Q13

Q15
Q17
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Ion Simulations – Giulia Bellodi

B2H Measurement

Simulation

Q13

Q15

Q17

B2V Measurement

Simulation

B2V Measurement

Simulation
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 Periodic scraping of beam halo with primary collimator

 Modulated BLM signal on TCP and at locations of „leakage‟

 Can halo scraping yield same information as loss map?

 Leakage positions

 Measurement sensitivity

 Approach → Frequency domain (Fourier Transform)

Collimation Leakage from Halo Scraping

Analysis by E. Nebot Del Busto
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 Ions (TCP movement every 8 seconds) :

 Similar sensitivity

 Less monitors indentified (50%) but with good overlap

 ≈5 times smaller „leakage rate‟

 Protons (TCP movement every 3 seconds) : lower sensitivity, no arc 

monitors identified

  slower TCP movement yields better separated peaks and higher 

sensitivity

 To be studied further!

Collimation Leakage Halo Scraping – prelim. Results

Analysis by 

E. Nebot 

Del Busto

Ion leakage
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Collimation Leakage into the Arcs

Test data Quantity 

measured

Particle type 

and energy

Collimation Detection 

limit

Maximum 

measured 

(approx.)

Loss 

maps

Leakage from 

collimation

p 3.5 TeV betatron > 7E-6 2E-5

momentum > 3E-6 3E-4

Pb 3.5 TeV betatron > 2E-5 2E-2

momentum > 4E-5 2E-2

Periodic

halo 

scraping

Leakage from 

collimation

p 3.5 TeV betatron > 3E-5 ---

Pb 3.5 TeV betatron > 1E-5 4E-3
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Losses in the arcs

Test data Quantity 

measured

Particle 

type and 

energy

Limit number of particles

Lumi. ind. 

losses (from 

halo scraping 

data)

luminosity

limit from 

arc

p 3.5 TeV No loss in arc detected

Pb 3.5 TeV  J. Jowett at Chamonix 

2011

Few turn 

losses after 

injection

Injection 

intensity 

limit

p 450 GeV 10.12.2009

3 turn loss

40 us 

integration time

1.8E12 (small signal on only 

one monitor
BLMQI.24R4.B1I10_MQ)

5% of nominal injection  at 

least a factor ≈5 below damage

Pb 450 GeV 15.11.2010

≈2-3 second 

loss, 10-20 

seconds after 

injection 

(chromaticity)

1.3 s 

integration time

9E11  not a limit – slow 

loss
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Arc Thresholds
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Quench Test 2010

Wire Scanner Test 
 quench level at least 

16 times higher on 

MQY and MBRB

UFOs 
quench level 

at least 2.4 

times higher 

on MQML

Injection Tests
MB quenches  thresholds 

adapted to MB quenches 

(increased by factor 1.5)

Circulating Beams 

 thresholds

2-3 times too high

Analysis ongoing  Chamonix 2011 talk by M. Sapinski
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Quench Test 2010

Wire Scanner Test 
 quench level at least 

16 times higher on 

MQY and MBRB

UFOs 
quench level 

at least 2.4 

times higher 

on MQML

Injection Tests
MB quenches  thresholds 

adapted to MB quenches 

(increased by factor 1.5)

Circulating Beams 

 thresholds

2-3 times too high

Analysis ongoing  Chamonix 2011 talk by M. Sapinski

Different loss 

scenario
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Preliminary result of circulating beam test:

 MQ thresholds for  1-5 second losses overestimated by factor 2 to 3

 Analyses are ongoing 

ARC thresholds

New cold magnet thresholds planned for start of 2011 run

 Different magnet model (Arjan Verweij)

 Match to measurement (quench test etc.)

beam

signal expected at quench

signal observed at quench

450 GeV

1.55 s

Q14R2
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System performance
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 Mostly, onset of system degradation detected by regular offline 

checks before malfunction

 Number of failures regarded manageable (no availability issue)

Hardware Failures (since Feb. 2010)

12 IC with bad 

soldering

(out of 3600)

9 GOH with low power

1 damaged connector

out of 1500

7 CFC with „noisy‟ components

2 cards with bad soldering

out of 750

12 with „weak‟ receivers

out of 1500

2 with failed 

SRAM

out of 350

3 failed CPU RIO3

out of 25

1 VME Power Supply, out of 25

12

19
14

4
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No changes in 2011 with respect to 2010

Intervention Times

Change Intervention time

Monitor Factors 30 min

Master Thresholds 1 hour

Hardware 1h + time for tunnel access 

if HW in tunnel
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 Automatic on Vertical Slice Test system (before releasing new firmware)

 Linearity, impulse, and some predefined patterns of input signals check

 Inject predefined patterns in the XPOC and PM Buffers

 And others …

 Exhaustive Threshold triggering tests (ring with installed system)

 Every channel, every threshold and selected energy levels are tested

 Times estimate: 6 days (before beam)

 System tests with pilot beams Times estimate: 6 hours with beam

 Global: injecting pilot beams, de-bunching them and initiating a beam dump.

 Threshold triggering: closing one collimator jaw of a TCP and injecting few times 

pilot beams.

 Signal reception and Status tests (continuous, ring with installed system)

System Tests 2011
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Summary
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 UFO expected frequently

 No surprises concerning Arc Losses

 Loss maps

 Halo scraping

 Few turn losses after injection

 New cold magnet thresholds in 2011 based on measurements

 System performance

 Time for testing and interventions

Summary
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End of Presentation
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“… massive losses in IP1 and limited protection from collimation against fast failures 

(collimation designed as cleaning system). This was just before measuring excellent 

cleaning efficiency (slow losses generated by us): same orbit & collimator 

settings. Following injection of beam2 you can see the highest beam loss in IP1, after 

passing through the cleaning insertions.”

3 turn proton loss, Logbook: ‘second injection test B2’

Plot and email from Ralph Assmann
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“Same again - cleaner but dumped … 

… enormous blowup in H...”

Proton 3-turn-losses: Logbook
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31 24
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 Standard for cold magnets: MF = 0.1 (now: 0.5)

 Applied thresholds = 0.3 * „best to our knowledge quench levels‟

 Master thresholds = 3 * „best to our knowledge quench levels‟

 Short losses: about (at least) a factor of 100 between estimated 

quench and damage levels  safety requirement fulfilled

Cold Magnets

# Monitors Simulations beam

loss  energy 

deposition magnet 

and BLM

Beam measurements Heater test of 

steady state 

quench margin

MQ (2361)

MB (239)
2600 GEANT4

Yes – transient loss

Yes – transient loss

Yes

Yes

Triplets:

MQXA (80)

MQXB (64)

144 FLUKA no

All other cold

493

no (scaled by their 

respective enthalpy 

for transient loss)

MQY ms range - yes

all other - no

MQM – yes

All other - no
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 All quenches so far on MB (all injected beam)?? Most likely loss 

location with circulating beam are the quadrupoles.

 2 quenches in 2008 (injected beams): signals in BLMs could be 

reproduced by GEANT4 simulations to a factor of 1.5

 thresholds raised 

by 50%

Accuracy of Thresholds - MB

Analysis of second quench

LHC Project Note 422
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Quench tests

Quench tests performed in autumn 2010:

 MQ at injection (fast transient loss)

 MQ at 450 GeV, 1.5 s loss

 MQ at 3.5 TeV, 5.2 s loss

 MQY (4.5K) with wire scanner, 2.5 ms  quench level at least 17 times 

higher (different loss scenario)

 MBRB at 3.5 TeV (with Wire Scanner), 20 ms loss  quench level at least 

16 times higher (different loss scenario)

 UFOs at 3.5 TeV, 1-2.5 ms  Monitor Factor increased from 0.1 to 0.5 

results?
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SINGLE_SYSTEM_DUMP events

35 events only seen by the BLM system

15 of them in physics mode.
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Dependability (Reliability, Availability, Maintainability and Safety)

 SIL (Safety Integrity Level) 

approach to system design 

(G. Guaglio)

 Damage risk:

 Simulation assumed 100 

dangerous losses per year, 

which can only be detected by 

one BLM

 observed redundancy in loss 

measurement

 No safety related issues 

detected (hardware, 

firmware, software, 

parameters e.g. thresholds).

 BLM requested aborts Feb -

Aug 2010, energies > 450 

GeV (out of 220 total):


