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Bunch by bunch intensity measurement

» Measures induced signal to give information about charge content of each bunch

» Sampling is 650MHz =~ 1.54ns
» Raw signal shaped

» FMC-1000 — Free running phase
» Integrating over many sampling phases

Ondfej Sedlacek

LHC-INDIV

counts

—
—

000

10500

10000

9500

9000

8500

Il)lII|llII|IIII|IIII|IIIIIIIII|IIII

8000

L o D DD el
NN AANAN

T

X Data

Bl Integral
Fit
— Background

Y.\
MR L STV K VAL VAL VAR

| I 1 1 | 1 I 1 | | 1 I

63300

Workshop EJCF 2019

63330 63340 63350
t [ns]

17.01.2019




Bunch by bunch intensity measurement

» Measures induced signal to give information about charge content of each bunch

» Sampling is 650MHz = 1.54ns
» Raw signal shaped

» FMC-1000 — Free running phase
» Integrating over many sampling phases

» Integrating Algorithm

» Samples used:
» 5 before maximum — configurable
» 10 after maximum — configurable
» 16 samples in total
» Background — linearly approximated
> Integral of peak = X" +10 (¢, — hcg)
» ¢; —countsinsamplei
» bcg = (Cmax+10FCmax—s5)/2
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Bunch by bunch intensity measurement

» Measures induced signal to give information about charge content of each bunch

» Sampling is 650MHz = 1.54ns
» Raw signal shaped

» FMC-1000 — Free running phase
» Integrating over many sampling phases

» Integrating Algorithm

» Samples used:
» 5 before maximum — configurable
» 10 after maximum — configurable
» 16 samples in total

» Background — linearly approximated
max+10

> Integral of peak = },;2~ " =(c; — bcg)
» ¢; —countsinsamplei
» bcg = (Cmax+10tCmax—5)/2
» Fit form:
» Exponentially modified Gaussian +
small Gaussian at front
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Sighal leakage of 25ns spacing

» Simulation
> Fits refined with current SPS raw data

» Problem =p signal overlap
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Sighal leakage of 25ns spacing

> Simulation

> Fits refined with current SPS raw data Simulation - two peak problem
> Problem = signal overlap 500 - — S
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Sighal leakage of 25ns spacing

> Simulation

> Fits refined with current SPS raw data Simulation - two peak problem
> Problem = signal overlap 500 - — S
» Two parts of contribution 8450} :Emwnm"w
= —— Background 1 Shifted
> Tail overlap integral 400} " backgroung 25rited
» Positive (rises the integral) 350 1
> Shift of background line s00F- | Background shift |
> Negative 25,3%_
» Simulation: using Root 6 s00F-
» Shift of background > Tail overlap integral =
» Overall negative contribution mné—
» Peak 1 effects peak 2 more 50%_ }—
> ~2.5% n: | | MJ\A‘A | .
> Peak 2 effects peak 1 less 10 20 80 AT
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Luminosity measurements: Observed/Predicted
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Correcting Algorithm

> I,]i] — Integral of a broken

I.[0] = I3 [0] + Ay - 1!” 2]/1,[2]
IV =12 (1] + Ay - (

L,[0] = I,[0] + Ay - 1)
5|gn.al num. | L] =101+ A -1 ,{[U |./1,]0] } 1)
> L, |i] — Integral of a jfl '2' —1 '2,' A -1; 1 /5 m
partially corrected signal pel®l = SbLELT AL Tpe ’ 3)
> I.[i] — Integral of a corrected 12,[0] = I!.[0] + Ay - I%[1] /1s[1] 2) 2)
signal 121) = IL[1] + Ay - I2[2] /1[2) } 2)
302 =1.[2] + Ay - 0 m m
» Parameters found by
numerical minimalization I>.[0] = I7,[0] + A3 - 0
(Minuit) (1] =151 + A3 - 0 }
» Only A, and A, found nonzero !j;{:ig — 1;}“ 2| + As - I s {)] /1,]0]
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Simulation with correcting algorithm

» Correcting algorithm:

> IntPartC [l] =A- IntPartC [i _ 1] + IntBroken [l]
> IntCorr [l] =B IntPartC [i + 1] + IntPartC [l]
» First and last peak are corrected only for contribution from next or previous peak

» Fits of multiple peaks used in analysis
» Specification error of measurement for LHC and SPS is 1% and 5%, respectively.

. . . I
> Relative contribution = 1 — -2reken
Iideal

» With use of the correcting algorithm o =0.19%

» Results from measurements will be available after Technical stop 2
» Evaluation algorithm performance — using integrating intensity measurements
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Relative contribution with (left) and without (right) use of correcting algorithm
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Single shot bunch by bunch Intensity measurements for Transfer lines

» Single shot measurements — no averaging over sampling phases
» Single shot error — error steaming from different sampling phase

» Different Analog to Digital Convertors (ADCs) considered
» Different sampling frequency (600 — 3000 MSPS)

» Different ADC noise — Effective Number of Bits (ENOB)
» Different precision (14-bit or 16-bit) ADC
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Relative distribution of single shot algorithm error, freq: 650 MHz, Relative distribution of single shot algorithm error, freq: 1000 MHz,
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Each distribution is constructed including gaussian noise from distribution corresponding to given ADC ENOB.
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Wrong bucket injection

» The injection scheme of the LHC beam — 1 in every 10 buckets filled with bunch
» Wrong injection = Different buckets filled

» Many measurements produce erroneous results
» Happened twice in the past -> cost 6 hours of operational time at minimum

» The alerting algorithm developed and implemented

» Analyzes distribution of distance between asynchronous (of beam) equidistant markers and bunch
peaks

» An update to the per bunch intensity measurement system
» Alerts the operators to minimize the cost of wrong injection

17.01.2019

Ondfej Sedlacek

Workshop EJCF 2019



Conclusion

Signal leakage:

» For better measurement precision the deconvolution algorithm based on the analysis and
simulation was developed and implemented

» Errors should be well under the specification which is 1% and 5% for LHC and SPS, respectively
» Results from measurements will be available after Technical stop 2
» Single shot bunch by bunch Intensity measurements for Transfer lines

» The analysis of the precision of such measurements for different ADCs was carried out, to study
feasibility and sustainable precision.

» Wrong bucket injection
» Algorithm to notify operators of such wrong injection was developed and implemented
» An update to the per bunch intensity measurements

» Cooperation with the Intensity & Tune section of Beam Instrumentation group of
Beams Department of The European Organization for Nuclear Research
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