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Loss spikes and fast drops of lifetime are a concern for operating machine
↪ Beam lifetime is used an indication of the machine performance
↪ Monitor of beam quality along the LHC
↪ Optimise working (tune, chromaticity, octupoles) in collisions and MDs
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Beam Lifetime Measurement
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Beam lifetime (absolute calibration) is monitored using the measured beam current from 
the BCT. However, this method requires smoothing with large times ~ few seconds. Not 
ideal to measure beam losses.
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Beam Lifetime Measurement

!4

Beam lifetime (absolute calibration) is monitored using the measured beam current from 
the BCT. However, this method requires smoothing with large times ~ few seconds. Not 
ideal to measure beam losses.

A reduction of noise in the BCT signal will be very useful. Already the ADC24BIT of BCTDC 
has improved significantly the lifetime calculation but it contains a smoothing of the signal that 
depends on the time structure of the losses.

Other devices such as beam loss monitors could be used for this measurement and 
have additional advantages for the measurement of the proton loss rate.
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We could use the BLMs downstream each collimator to have a direct measurement of 
the beam primary losses, more precise and they can give extra information, i.e. loss 
plane, time structure, etc.

Belen Salvachua15/05/2018 BLMTWG



Beam Loss Measurement

!5

Assuming that primary losses occur at the collimators

We could use the BLMs downstream each collimator to have a direct measurement of 
the beam primary losses, more precise and they can give extra information, i.e. loss 
plane, time structure, etc.

BLMs are more sensitive to losses than the BCT (better signal-to-noise ratio) and have a 
wide range of integration times. Up to know we use 1.3s RS as this was relevant for 
collimation.

Belen Salvachua15/05/2018 BLMTWG



Beam Loss Measurement

!5

Assuming that primary losses occur at the collimators

We could use the BLMs downstream each collimator to have a direct measurement of 
the beam primary losses, more precise and they can give extra information, i.e. loss 
plane, time structure, etc.

BLMs are more sensitive to losses than the BCT (better signal-to-noise ratio) and have a 
wide range of integration times. Up to know we use 1.3s RS as this was relevant for 
collimation.

Belen Salvachua15/05/2018 BLMTWG



BLM Calibration: Run I

!6Belen Salvachua15/05/2018 BLMTWG



BLM Calibration: Run I

!6

Calibration of BLMs from Gy/s to protons per second
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Calibration of BLMs from Gy/s to protons per second

In 2012: We calculated a calibration of the BLMs downstream primary collimators in 
IR7. (1) Beam scraping studies. (2) regular fills in 2012. How? fitting the BLM signal to 
the Beam Current Measurement derivative.

Belen Salvachua15/05/2018 BLMTWG



BLM Calibration: Run I

!6

Calibration of BLMs from Gy/s to protons per second

In 2012: We calculated a calibration of the BLMs downstream primary collimators in 
IR7. (1) Beam scraping studies. (2) regular fills in 2012. How? fitting the BLM signal to 
the Beam Current Measurement derivative.

Belen Salvachua15/05/2018 BLMTWG



BLM Calibration: Run I
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Calibration of BLMs from Gy/s to protons per second

In 2012: We calculated a calibration of the BLMs downstream primary collimators in 
IR7. (1) Beam scraping studies. (2) regular fills in 2012. How? fitting the BLM signal to 
the Beam Current Measurement derivative.

Belen et al. “Lifetime Analysis at High Intensity Colliders Applied to the LHC”, IPAC2013

Previous studies by F. Burkart, PhD 2012 CERN-THESIS-2012-046 Beam Loss and Beam Shape at the LHC 
collimators.
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BLM Calibration: Run II
Review the idea of identifying loss patterns (A.Marsili PhD CERN-THESIS-2012-316)

Provide two type of calibrations: 
- Based on few BLMs not sensitive to the plane of losses. 
- Based on more BLMs combined to get losses with 

different pattern (SVD).
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ONLINE DIAGNOSTICS 
Less sensitive to changes in 

collimation settings

OFFLINE ANALYSIS 
More precise but more 
sensitive to collimation 

hierarchy
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BLM Calibration: Run II
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Simple way to re-calibrate the BLMs used for the beam lifetime monitoring in the 
CCC that can be re-calibrated quickly if conditions change.
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BLMEI.06R7.B2I10_TCHSS.6R7.B2 BLMEI.06L7.B1E10_TCHSS.6L7.B1

BLMEI.06R7.B2I10_TCHSH.6R7.B2 BLMEI.06L7.B1E10_TCHSH.6L7.B1
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Lifetime display
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Lifetime display
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• Calibration provided for Injection and 
Top Energy (6.5TeV). 

• Linear interpolation through the RAMP. 

• Lifetime in Stable Beam from BLMs 
including Burn-Off losses. 

• Tested during scraping EoF comparing 
BCT lifetime and BLM lifetime.
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Select very well loss pattern scenarios: HORIZONTAL, VERTICAL, OFF - MOMENTUM
Apply a singular value decomposition to the scenario matrix and calculate the Moore- Penrose 
pseudo-inverse. This enables the determination of the contributions from different loss scenarios. 
Many work: selection of BLMs, normalisation and getting good set of data.
Dedicated scraping at top energy with separated beams was needed and the test was 
scheduled at the end of October 2017

HORIZONTAL VERTICAL OFF-MOMENTUM

Well defined loss 
scenarios:  

IP7 H/V and IP3 

Scraping with 
primary collimators 

End-of-fill test
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Using the matrix
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1.Quantify protons lost and loss plane: 

1. during specific MDs: long range, wire collimator, ATS, etc. 

2. During the LHC cycle to asses the performance or study limitation. 
Example tune shift 2017 B1V.

Result Matrix BLM 
measurements
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Different Crossing Angles at LHC
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Impact of different crossing angles were tested in different MDs in order to explore 
the limitation due to long range beam-beam effects.

A train of 144 bunches 
colliding ATLAS/CMS

Half-Crossing from 185-90 urad 
Both ATLAS/CMS

Observed that losses only in 
Beam 1, mainly in the Vertical 
Plane

IPAC 2017 B.Salvachua et al.
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http://accelconf.web.cern.ch/AccelConf/ipac2017/papers/tupva025.pdf


LRBB test 2017
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• Beam	test	using	wires	installed	in	collimators	to	
compensate	the	octupolar term	of	the	beam-
beam	in	IR5.

• There	was	an	initial	B2H	blow-up,	followed	by	
additional	losses	in	B2H	as	the	wires	were	
switched	on	and	off.

• The	ML	algorithm	correctly	classified	the	3	
spikes	in	losses	which	were	~1e8	p.	There	was	
one	misclassification	(though	here	the	losses	in	
B1	and	B2	are	~equal	&	~1e7	p).



Losses Squeeze 2016
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Breakdown of losses in SB 2017
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Applying the BLM calibration and decomposition we could quantify the NON burn off 
losses. It confirms that losses in Beam 1 are about a factor of 2 higher than for Beam 2. 
• Losses occur in the Horizontal and Vertical plane, depending on the fill analysed. 
• Off-momentum losses have a small contribution. 
• Loss steps are correlated with changes of crossing angle (Horizontal plane) and 

optimisations.

Crossing Angle anti-levelling
Luminosity 
levelling
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Applying the BLM calibration and decomposition we could quantify the NON burn off 
losses. It confirms that losses in Beam 1 are about a factor of 2 higher than for Beam 2. 
• Losses occur in the Horizontal and Vertical plane, depending on the fill analysed. 
• Off-momentum losses have a small contribution. 
• Loss steps are correlated with changes of crossing angle (Horizontal plane) and 

optimisations.

Crossing Angle anti-levelling
Luminosity 
levelling

B2 
max. 
Loss
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Luminosity losses
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dI/dt from BCT where Beam 1 lifetime is worse than Beam 2 

dI/dt from BCT
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Luminosity losses
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dI/dt from BCT removing the contribution from collimators  
losses measured by the BLMs calibrated with decomposition matrix 
Now the beam lifetime from Beam 1 and Beam 2 is exactly the same because it 
comes only from luminosity. → Proton losses well quantified

dI/dt without losses 
at the collimators

Belen Salvachua15/05/2018 BLMTWG



Luminosity losses

!17

dI/dt from BCT removing the contribution from collimators  
losses measured by the BLMs calibrated with decomposition matrix 
Now the beam lifetime from Beam 1 and Beam 2 is exactly the same because it 
comes only from luminosity. → Proton losses well quantified

dI/dt without losses 
at the collimators

Belen Salvachua15/05/2018 BLMTWG

�inel = �visible + �correction
<latexit sha1_base64="rJqMFKduVnZigvm6wQj587Ow6RA=">AAACHnicbVDLSgMxFM34rPU16tJNsAiCUGZEfCyEohuXFRxbaIchk2ba0GQyJJlCGfonbvwVNy5UBFf6N2baUbT1QuDk3Htyc06YMKq043xac/MLi0vLpZXy6tr6xqa9tX2nRCox8bBgQjZDpAijMfE01Yw0E0kQDxlphP2rvN8YEKmoiG/1MCE+R92YRhQjbajAPmkr2uUoyIyejeAF/L4PqKLmkRE8/KGwkJLgXDcK7IpTdcYFZ4FbgAooqh7Y7+2OwCknscYMKdVynUT7GZKaYrOl3E4VSRDuoy5pGRgjTpSfjf2N4L5hOjAS0pxYwzH7W5EhrtSQh2aSI91T072c/K/XSnV05hvrSapJjCeLopRBLWAeFuzQ3DAbGoCwpOavEPeQRFibSMsmBHfa8izwjqrnVefmuFK7LNIogV2wBw6AC05BDVyDOvAABvfgETyDF+vBerJerbfJ6JxVaHbAn7I+vgCyEaOc</latexit><latexit sha1_base64="rJqMFKduVnZigvm6wQj587Ow6RA=">AAACHnicbVDLSgMxFM34rPU16tJNsAiCUGZEfCyEohuXFRxbaIchk2ba0GQyJJlCGfonbvwVNy5UBFf6N2baUbT1QuDk3Htyc06YMKq043xac/MLi0vLpZXy6tr6xqa9tX2nRCox8bBgQjZDpAijMfE01Yw0E0kQDxlphP2rvN8YEKmoiG/1MCE+R92YRhQjbajAPmkr2uUoyIyejeAF/L4PqKLmkRE8/KGwkJLgXDcK7IpTdcYFZ4FbgAooqh7Y7+2OwCknscYMKdVynUT7GZKaYrOl3E4VSRDuoy5pGRgjTpSfjf2N4L5hOjAS0pxYwzH7W5EhrtSQh2aSI91T072c/K/XSnV05hvrSapJjCeLopRBLWAeFuzQ3DAbGoCwpOavEPeQRFibSMsmBHfa8izwjqrnVefmuFK7LNIogV2wBw6AC05BDVyDOvAABvfgETyDF+vBerJerbfJ6JxVaHbAn7I+vgCyEaOc</latexit><latexit sha1_base64="rJqMFKduVnZigvm6wQj587Ow6RA=">AAACHnicbVDLSgMxFM34rPU16tJNsAiCUGZEfCyEohuXFRxbaIchk2ba0GQyJJlCGfonbvwVNy5UBFf6N2baUbT1QuDk3Htyc06YMKq043xac/MLi0vLpZXy6tr6xqa9tX2nRCox8bBgQjZDpAijMfE01Yw0E0kQDxlphP2rvN8YEKmoiG/1MCE+R92YRhQjbajAPmkr2uUoyIyejeAF/L4PqKLmkRE8/KGwkJLgXDcK7IpTdcYFZ4FbgAooqh7Y7+2OwCknscYMKdVynUT7GZKaYrOl3E4VSRDuoy5pGRgjTpSfjf2N4L5hOjAS0pxYwzH7W5EhrtSQh2aSI91T072c/K/XSnV05hvrSapJjCeLopRBLWAeFuzQ3DAbGoCwpOavEPeQRFibSMsmBHfa8izwjqrnVefmuFK7LNIogV2wBw6AC05BDVyDOvAABvfgETyDF+vBerJerbfJ6JxVaHbAn7I+vgCyEaOc</latexit>

�inel = 72.9 + 5.55 = 78.5 mb
<latexit sha1_base64="nQ687XSU6ePdkgRlvImApZmpdrI=">AAACFnicbVBPS8MwHE39O+e/qkcvwTEQhNKJZfMgDL14nGDdYB0jzdItLGlLkgqj1E/hxa/ixYOKV/HmtzHdetDNHwRe3i+PvPf8mFGpbPvbWFpeWV1bL22UN7e2d3bNvf07GSUCExdHLBIdH0nCaEhcRRUjnVgQxH1G2v74Kt+374mQNApv1SQmPY6GIQ0oRkpTfdPyJB1y1E+1nmXwAtZPrXN4Ah3LcfJbw3IePI7USPCU+1nfrNiWPR24CGoFqIBiWn3zyxtEOOEkVJghKbs1O1a9FAlFMSNZ2UskiREeoyHpahgiTmQvnebKYFUzAxhEQp9QwSn7W5EiLuVE24LV3KKc3+Xkf7tuooJGT0eOE0VCPPsoSBhUEcxLggMqCFZsogHCgmqvEI+QQFjpKsu6hNp85EXg6iIt++as0rws2iiBQ3AEjkEN1EETXIMWcAEGj+AZvII348l4Md6Nj9nTJaPQHIA/Y3z+AKvxnLQ=</latexit><latexit sha1_base64="nQ687XSU6ePdkgRlvImApZmpdrI=">AAACFnicbVBPS8MwHE39O+e/qkcvwTEQhNKJZfMgDL14nGDdYB0jzdItLGlLkgqj1E/hxa/ixYOKV/HmtzHdetDNHwRe3i+PvPf8mFGpbPvbWFpeWV1bL22UN7e2d3bNvf07GSUCExdHLBIdH0nCaEhcRRUjnVgQxH1G2v74Kt+374mQNApv1SQmPY6GIQ0oRkpTfdPyJB1y1E+1nmXwAtZPrXN4Ah3LcfJbw3IePI7USPCU+1nfrNiWPR24CGoFqIBiWn3zyxtEOOEkVJghKbs1O1a9FAlFMSNZ2UskiREeoyHpahgiTmQvnebKYFUzAxhEQp9QwSn7W5EiLuVE24LV3KKc3+Xkf7tuooJGT0eOE0VCPPsoSBhUEcxLggMqCFZsogHCgmqvEI+QQFjpKsu6hNp85EXg6iIt++as0rws2iiBQ3AEjkEN1EETXIMWcAEGj+AZvII348l4Md6Nj9nTJaPQHIA/Y3z+AKvxnLQ=</latexit><latexit sha1_base64="nQ687XSU6ePdkgRlvImApZmpdrI=">AAACFnicbVBPS8MwHE39O+e/qkcvwTEQhNKJZfMgDL14nGDdYB0jzdItLGlLkgqj1E/hxa/ixYOKV/HmtzHdetDNHwRe3i+PvPf8mFGpbPvbWFpeWV1bL22UN7e2d3bNvf07GSUCExdHLBIdH0nCaEhcRRUjnVgQxH1G2v74Kt+374mQNApv1SQmPY6GIQ0oRkpTfdPyJB1y1E+1nmXwAtZPrXN4Ah3LcfJbw3IePI7USPCU+1nfrNiWPR24CGoFqIBiWn3zyxtEOOEkVJghKbs1O1a9FAlFMSNZ2UskiREeoyHpahgiTmQvnebKYFUzAxhEQp9QwSn7W5EiLuVE24LV3KKc3+Xkf7tuooJGT0eOE0VCPPsoSBhUEcxLggMqCFZsogHCgmqvEI+QQFjpKsu6hNp85EXg6iIt++as0rws2iiBQ3AEjkEN1EETXIMWcAEGj+AZvII348l4Md6Nj9nTJaPQHIA/Y3z+AKvxnLQ=</latexit>

6.5TeV measured at the LHC (BCT-BLM)

dI

dt
=

dI

dt

����
loss

+ L · �inelastic

B.Salvachua 
LMC 2018-03-21 



Fill by fill analysis - I
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Integrated dI/dt without collimation losses, no cross section assumption is done here. 
The calculation comes ONLY from BCT and BLMs. 
• (LEFT) Both Beam 1 and Beam 2 have the same amount of protons lost not at the 

collimators —> expected as burn off losses. Differences between fills are due to 
different peak luminosity and fill length.

• (RIGTH) Beam 1 has more losses at the collimators as observed.

BCT-BLM

BLM onlyLoss due to Luminosity
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Fill by fill analysis - II
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Here we take the non-luminosity losses and 
we see the amount lost in Horizontal plane 
(blue) and the amount lost in Vertical plane 
(red)
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2018 losses
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The calibration on 2017 data was applied to 2018 and results are still very accurate, 
although a dedicated calibration fill will be needed to check calibration and to apply a 
similar approach for the dBLM detectors.
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Losses during the RAMP 2018

Losses during the SQUEEZE 2018

Beam 1

Beam 1 Beam 2

Beam 2



Summary
• Improved BLM calibration to calculate 

protons lost and beam lifetime with 2017 
configuration.

• Simple calibration for online diagnostic

• Decomposition matrix for offline analysis: 
identification of loss plane, horizontal, vertical 
and off-momentum
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Thank you!


