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V Introduction

Loss spikes and fast drops of lifetime are a concern for operating machine
S they risk of spurious dumps for given thresholds of beam loss monitors.

S they determine the intensity limit for a given cleaning: maximum loss rates
In cold magnets.
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V Introduction

Loss spikes and fast drops of lifetime are a concern for operating machine
S they risk of spurious dumps for given thresholds of beam loss monitors.

S they determine the intensity limit for a given cleaning: maximum loss rates
In cold magnets.

Ntot  :beam population [p]

Theam :beam lifetime [s]
X — X d—N — X & N : loss rate [p/s]
tot — Tbeam J{ Imax — Theam ~ a P
nq R, : quench limit [p/m/s]
7  :local cleaning inefficiency [1/m]
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) Introduction

Loss spikes and fast drops of lifetime are a concern for operating machine
S they risk of spurious dumps for given thresholds of beam loss monitors.

S they determine the intensity limit for a given cleaning: maximum loss rates
In cold magnets.

Ntot  :beam population [p]

Theam :beam lifetime [s]
X — X d—N — X & N : loss rate [p/s]
tot — Tbeam J{ Imax — Theam ~ a P
nq R, : quench limit [p/m/s]
7  :local cleaning inefficiency [1/m]

Beam lifetime could be used as an indicator of the machine performance

S precise measurement of the beam loss rate in p/s is needed

At
ln (1 Rioss XAt)

T —

Ntot
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)/ Measurement of beam losses

Beam lifetime is monitored using the measured beam current from the BCT.
However, this method requires smoothing with large times ~ few seconds. Not
iIdeal to measure beam losses.
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Beam lifetime is monitored using the measured beam current from the BCT.
However, this method requires smoothing with large times ~ few seconds. Not
iIdeal to measure beam losses.
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V Measurement of beam losses

Beam lifetime 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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)/ Measurement of beam losses

Beam lifetime 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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A reduction of noise in the BCT signal will be very useful. Already the ADC24BIT of BCTDC has
improved significantly the lifetime calculation, but the signal is not always available.
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\)/ Measurement of beam losses

Beam lifetime 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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A reduction of noise in the BCT signal will be very useful. Already the ADC24BIT of BCTDC has
improved significantly the lifetime calculation, but the signal is not always available.

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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Measurements of losses

Assuming that primary losses occur at the collimators
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Measurements of losses

True for most of the
Assuming that primary losses occur at the collimators scenarios, except UFO
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“) Measurements of losses <>

True for most of the
Assuming that primary losses occur at the collimators scenarios, except UFO

BLMs downstream each collimator have a direct measurement of the beam primary losses,
more precise and they can give extra information, i.e. loss plane, time structure, etc.
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“) Measurements of losses <>

True for most of the
Assuming that primary losses occur at the collimators scenarios, except UFO

BLMs downstream each collimator 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.
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Assuming that primary losses occur at the collimators scenarios, except UFO
BLMs downstream each collimator 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.
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“) Measurements of losses

True for most of the
Assuming that primary losses occur at the collimators scenarios, except UFO

BLMs downstream each collimator 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.

New!! Diamond detectors: extremely fast —> bunch-by-bunch information
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BLM calibration - Run I

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

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.
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QBLM calibration - Run I

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.

5700 )élo | | | — 103 :_ T | T T T T | T | ]
?600 — ¢ beam] + — = B1 3
gﬁ — ® beam 2 . (38% 9)x10" [charges/Gy] — E — — fast BCT =
=500 /— ! — L ----BLM |
00 . = 5 =
2 = 1 + — = — —
5300 =7 = £10 =— —
<100 = calibration for BLM skew IP7 — , L. ADJUST . ]
= GE | | | | I = L | T | | -
M O S ARIIST  2011-STARIE 2012, RAMP 2MIZSOIFFZE 2012 ADNIST 2012 STARIR | 13:48 | 13:49I 13:50 | 13:51 — 13:52 | 13:53

time [2012-04-06]

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

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.
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This gave good results, sensitive to fast losses and relatively good calibration for
low losses

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 11 ;

In addition to the BLM calibration we add the characterisation of the type of loss
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BLM calibration - Run 11

In addition to the BLM calibration we add the characterisation of the type of loss

betatron losses in IR7 (vertical or horizontal) and off-momentum losses in IR3
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BLM calibration - Run 11

In addition to the BLM calibration we add the characterisation of the type of loss
betatron losses in IR7 (vertical or horizontal) and off-momentum losses in IR3

Calibration through controlled loss scenarios parasitic to operation: LOSS MAPS
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BLM calibration - Run 11

In addition to the BLM calibration we add the characterisation of the type of loss
betatron losses in IR7 (vertical or horizontal) and off-momentum losses in IR3
Calibration through controlled loss scenarios parasitic to operation: LOSS MAPS

Decomposition of loss profiles as linear combination of the well-defined scenarios
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BLM calibration - Run 11

In addition to the BLM calibration we add the characterisation of the type of loss
betatron losses in IR7 (vertical or horizontal) and off-momentum losses in IR3

Calibration through controlled loss scenarios parasitic to operation: LOSS MAPS

Decomposition of loss profiles as linear combination of the well-defined scenarios

Result Matrix built from Measurement of BLMs
reference lossmaps

/ B1H

B1V BLM 1

B2H _ (...) BLM 2
B2V .

B1 off mom. :
\ B2 off mom. ) M. Wyszynski
(LBOC and Coll. WG)

B. Salvachua LRBB Workshop - 20 Mar 2017 9



LAC Collimation

Project

BLM calibration - Run 11

In addition to the BLM calibration we add the characterisation of the type of loss
betatron losses in IR7 (vertical or horizontal) and off-momentum losses in IR3

Calibration through controlled loss scenarios parasitic to operation: LOSS MAPS

Decomposition of loss profiles as linear combination of the well-defined scenarios

Result Matrix built from Measurement of BLMs
reference lossmaps

/ B1H

B1V BLM 1

B2H _ (...) BLM 2
B2V .

B1 off mom. :
\ B2 off mom. ) M. Wyszynski
(LBOC and Coll. WG)

Result is the number of protons lost per second due to each loss scenario

BiH + BiV + Bi off mom. ~ _dléf')

i € {1,2}
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This algorithm to characterise the loss plane is available for MDs, included in the LHC lifetime
application.
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y Online information

This algorithm to characterise the loss plane is available for MDs, included in the LHC lifetime
application.

example of the online display: B2V instability

[ . —
I LHC Beam Losses Lifetime Display = o
Elle

[ v rRBA:notoken  Time Mistory: | 2/ hours

Lifetime | Offiine Identification | Online identification |

\\

195110 195112 105114 19:51:16 19:51:18 195120
Time

Post mortem intensity

59.72 412
4 s70e012 | —b1
& 9,688412 2
&
i 9,66€+1

9

646412 4 I

Time
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y Online information

N/

This algorithm to characterise the loss plane is available for MDs, included in the LHC lifetime
application.

We can also use it offline for the machine performance evaluation.

example of the online display: B2V instability

L, LHC Beam Losses Lifetime Display
e

[E ~ RBA:notoken  Time History:| 2 hours

Lifetime | Offiine Identification | Online identification |

"y
146111 | — gan

o §1 ot mom.
126117 | 02t mom.

\\

195110 195112 105114 19:51:16 19:51:18 195120
Time

Post mortem intensity

12 F
412 4 —B1
412 4 — B2
12
2

Time
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This algorithm to characterise the loss plane is available for MDs, included in the LHC lifetime

application.

We can also use it offline for the machine performance evaluation.

example of the online display: B2V instability

. LHC Beam Losses Lifetime Display
Eile

¥ RBA:notoken  Time History: | 2~ hours
Lifetime | Offiine Identification | Online identification |

=c Result of algorithm:
1) Loss rate in protons per second

L
146117 |— gan
— o2v

= 01 ot mom.
126117 | 82t mom.

, /f}\

2) ldentification of losses in:
e [R3
e |R7
3) ldentification of loss plane for
betatronic losses:

195112 105114 19:51:16
Time

Post mortem intensity
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Usage of BLM

Examples of usage of BLM data calibration and decomposition
Analysis of regular fills in 2016
- Beam lifetime analysis for Run | and Run |l
- Study of losses during crossing angle change
LRBB limits (change of crossing angle)
Study of lifetime drop during squeeze at 1.4m beta-star

Study of losses during collisions
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During beam-beam limits MD
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D) LRBB MD

During beam-beam limits MD

Calculation of losses vs crossing
angle
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2 LRBB MD
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2 LRBB MD

During beam-beam limits MD

Calculation of losses vs crossing
angle

S Observation of losses for
Beam 1 starting at 230urad
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2 LRBB MD

During beam-beam limits MD

Calculation of losses vs crossing
angle

S Observation of losses for
Beam 1 starting at 230urad

Decomposition of losses shows
that are mainly in the vertical
plane
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) LRBB MD

During beam-beam limits MD

Calculation of losses vs crossing
angle

S Observation of losses for
Beam 1 starting at 230urad

Decomposition of losses shows
that are mainly in the vertical
plane

Tune spectrum analysis shows a
possible drift of tunes for B1V
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Losses crossing angle

First indicator: drop in beam lifetime

& After squeeze during the reduction of crossing angle, lifetime drop for Beam 1 from > 100 h to
below 10 h.
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QLosseS crossing angle

First indicator: drop in beam lifetime

S After squeeze during the reduction of crossina anale. lifetime droo for Beam 1 from > 100 h to
below 10 h. 5345
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gLosses crossing angle

First indicator: drop in beam lifetime

S After squeeze during the reduction of crossina anale. lifetime droo for Beam 1 from > 100 h to
below 10 h. 5345
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QLOSSES crossing angle <>

First indicator: drop in beam lifetime

S After squeeze during the reduction of crossina anale. lifetime droo for Beam 1 from > 100 h to
below 10 h. 5345
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First indicator: drop in beam lifetime

S After squeeze during the reduction of crossina anale. lifetime droo for Beam 1 from > 100 h to
below 10 h. 5345

JIUSLIVIYS S B G N ﬂh}d o NLV,_g_'.[.-w‘,-.-.»lwwl‘\ .Jlflﬂ'l‘h")r R e S

10° | —

il ul
e il

Analysis of loss plane
S Vertical plane like in the MD

IBI‘IIII ‘ | IIIIIE

Beam Lifetime (h)

l() ---------------------------------------

[S—

107!

200 400 600 800 1000 1200
10° )-28 13:32:14

@ tII|III|III|lII|IIl|III|III|III|III|III|_
2 25— 5345 —
— ~ —Beam 1 HOR 7
< »o —Beam I VER e
2 — — Beam | OFF .
= — —
A s =
E .x"\"-ﬁx E
10 — VA 7
- VAR ]
— ,.»/ A .
S / N
N I U PO e IO S U Y B =

160 180 200 220 240 260 280 300 320 340
Seconds from 2016-09-28 13:32:14

B. Salvachua LRBB Workshop - 20 Mar 2017 I3



QLosses crossing angle

LAC Collimation

Project

CERN
First indicator: drop in beam lifetime
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@ Losses crossing angle <

First indicator: drop in beam lifetime

S After squeeze during the reduction of crossina anale. lifetime droo for Beam 1 from > 100 h to
below 10 h. 5345
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Diamond BLMs

Complementary devices to provide ns range time resolution data

Bunch-by-bunch information!!

Several units installed in the LHC:
Injection/Extraction and IR7

In IR7, measuring circulating beam
losses:

Beam 1 TCP (TimelLossHist, Waveform)
Beam 2 TCP (TimeLossHist)
Beam 1 Crystal (TimelLossHist)
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) Diamond BLMs

Complementary devices to provide ns range time resolution data

Bunch-by-bunch information!!

Several units installed in the LHC:
Injection/Extraction and IR7

In IR7, measuring circulating beam
losses:

Beam 1 TCP (TimeLossHist, Waveform)
Beam 2 TCP (TimeLossHist)
Beam 1 Crystal (TimelLossHist)

g Point2 -

Beam 1 Injection &3

R e Beam 2 Injection
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@ Diamond BL.Ms

Complementary devices to provide ns range time resolution data

Bunch-by-bunch information!!

Several units installed in the LHC:
Injection/Extraction and IR7

In IR7, measuring circulating beam
losses:

Point 6 g

2 Beam Extraction

Beam 1 TCP (TimeLossHist, Waveform)
Beam 2 TCP (TimeLossHist)
Beam 1 Crystal (TimelLossHist)

Focusing the rest of the Q Point2 -

presentation in the Beam 1 Injection g
TimelLossHist read-out

o
; Point 8
R Mepib Beam 2 Injection
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TimeLossHistogram
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TimeLossHistogram

Precise beam loss timing counts
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dBLM read-out (1)

TimeLossHistogram
Precise beam loss timing counts

Threshold of 25mV for histogram data, binning of 1.6 ns, cumulative counts over 1
second.
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dBLM read-out (1)

TimeLossHistogram
Precise beam loss timing counts

Threshold of 25mV for histogram data, binning of 1.6 ns, cumulative counts over 1

second.
Pulse shape of Iosses
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dBLM read-out (2)

Cumulative counts over 1 second, the span of
the LHC ring 88.9 us, in bins of 1.6ns

Time loss thr. = 25 mV, turn clock = 88926.4 us
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Q dBLM read-out (2)

Cumulative counts over 1 second, the span of
the LHC ring 88.9 us, in bins of 1.6ns
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ss thr. = 25 mV, turn clock = 88926.4 us
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@ dBLM read-out (2)

Cumulative counts over 1 second, the span of
the LHC ring 88.9 us, in bins of 1.6ns
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Usage of dBLM

Examples of usage of dBLM data for Collimation
Analysis of regular fills in 2016
EoF Halo scraping (collimator movement)

LRBB limits (change of crossing angle)
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Change of crossing <>
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@)  LRBBMD D

Study of different loss pattern as a function of the bunch position A.GorzawskKi
Bunches with many Long Range collisions had more losses ColUSM
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2 LRBB MD

CERN
Study of different loss pattern as a function of the bunch position A .GorzawskKi
Bunches with many Long Range collisions had more losses ColUSM
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V Conclusion

Beam lifetime is a quick indicator of machine performance
Calculation from regular BLMs is possible with the cross-calibration with the BCT.

S Useful for MD and sensitive to small losses.
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Beam lifetime is a quick indicator of machine performance
Calculation from regular BLMs is possible with the cross-calibration with the BCT.
S Useful for MD and sensitive to small losses.
BLMs downstream collimators could give additional information
S Location of the losses (IR3 vs IR7).

S Type of loss: vertical, horizontal, off-momentum.
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V Conclusion

Beam lifetime is a quick indicator of machine performance
Calculation from regular BLMs is possible with the cross-calibration with the BCT.
S Useful for MD and sensitive to small losses.
BLMs downstream collimators could give additional information
S Location of the losses (IR3 vs IR7).
S Type of loss: vertical, horizontal, off-momentum.
dBLM in IR7: extremely fast, ns scale

S Provide bunch-by-bunch information, useful to distinguish bunches with LR
Interactions.

S On-going: calibration to protons per second and frequency analysis.
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