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Schottky signals

Time domain
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Schottky signals

Time domain

Frequency domain
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Schottky signals

Time domain Frequency domain
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Identical sidebands for zero chromaticity

@ERNX? K. tasocha | Analysis of the Transverse Schottky Signals in the LHC 17 October 2023



Schottky signals

Time domain

® synchronous particle t‘

® oscillating particle k
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random phase
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Power of central satelites proportional to the longitudinal
form factor:
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Schottky signals

Time domain Frequency domain
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Schottky signals

Time domain
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® synchronous particle t‘
® oscillating particle
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Frequency domain
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Transverse pickup is sensitive only to transverse Schottky component.
Assuming that common mode rejection is perfect...
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Beam parameters in Schottky signals

| fi: synchrotron frequency
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Beam parameters in Schottky signals

PSD [arb. units]
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Betatron tune

Distance between the centers of two sidebands.
Also valid for non-zero chromaticity.

Correction may be required for non-negligible octupole current.
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Beam parameters in Schottky signals
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Schottky signals: assumptions

Synchrotron and betatron motion

Synchrotron motion — harmonic, with amplitude
dependent frequency:

7i(t) = 7; sin (Qsz't + Sosl-)
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Betatron motion — harmonic, frequency
changing linearly with momentum:
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Schottky signals: assumptions

Synchrotron and betatron motion

Synchrotron motion — harmonic, with amplitude
dependent frequency:

7;i(t) = 7 sin (Qs,t + @s,)

™

Qsi = -~ QSO
o[ ()]

Betatron motion — harmonic, frequency
changing linearly with momentum:

—~

Qiw

Q..

k2

0 sin (Qs,t + s,) + @8,

x;(t) = T; cos [Qwot +

— Di
0

Q= Q& —
P

Theory extensions

Arbitrary wave-form stationary voltage:
» V. Balbecov et al., EPAC’04, p. 791 (2004)

Effect of space charge:
* O. Boine-Frankenheim and V. Kornilov PRAB 12, 114201

Transverse and longitudinal impedance (early):
« C. Lannoy et al., HB'23 THBP47 (today evening!)
« C. Lannoy et al., WEP034, IBIC'23

Much more on unbunched beam...
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Schottky signals: assumptions

Synchrotron and betatron motion

Uniform distribution of phases;
no "coherent” components

Synchrotron motion — harmonic, with amplitude
dependent frequency:

7i(t) = 7; sin (Qsz't + SOSi)

™

Qs, = —— s,
2IC lsin (ha;m,)}

Betatron motion — harmonic, frequency
changing linearly with momentum:

—~

Qiw

Q..

k2

x;(t) = T; cos [Qwot + 0 sin (Qs,t + s,) + @5,

0

Q= Q& —
P

Uniform distribution of P ¥s; and ¥B; implies
PSD proportional to the number of particles N.

Otherwise the power can be proportional to N2.

Coherence is most pronounced in central
satellites, at higher order p it smears out.
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Schottky signals: assumptions

Synchrotron and betatron motion

Uniform distribution of phases;
no "coherent” components

Synchrotron motion — harmonic, with amplitude
dependent frequency:

7;i(t) = 7 sin (Qs,t + @s,)

™

Uniform distribution of P ¥s; and ¥B; implies
PSD proportional to the number of particles N.

Otherwise the power can be proportional to N2.

Coherence is most pronounced in central
satellites, at higher order p it smears out.

Coherence example:
longitudinal blowup

LHC Fill 9057, Beam 2 Horizontal, Bunch 1, 11.07.2023
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Schottky signals:

assumptions

Synchrotron and betatron motion

Uniform distribution of phases;
no "coherent” components

Sufficiently long time averaging

Synchrotron motion — harmonic, with amplitude
dependent frequency:

Ti (t) - %\Z sin (Qsit + 9051')

Qs, = i QO

-~ S0
2IC lsin (ha;)n )]

Uniform distribution of P ¥s; and ¥B; implies
PSD proportional to the number of particles N.

Otherwise the power can be proportional to N2.

Coherence is most pronounced in central
satellites, at higher order p it smears out.
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The theory predicts only the expected,
ensemble averaged spectrum. Time averaging
required to have a correspondence.

Analyzed LHC spectra are averaged for 100 s.
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Equivalence of longitudinal characteristics

E — bunch profile
£ From probabilistic principles (or Abel transform):
e > (7)
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Matrix form of Schottky spectra

Mathematically, incoherent Schottky spectra are given

as a function of:

*  Synchrotron amplitude distribution - at least 2 parameters

. Nominal synchrotron frequency - 1 parameter

»  Betatron tune - 1 parameter

*  Chromaticity - 1 parameter

Longitudinal:

woq Z Z Jp nwo’rz)ej(”“’oprpg o)

nN=—00 p=—00

Transverse:
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Matrix form of Schottky spectra

Mathematically, incoherent Schottky spectra are given
as a function of:

*  Synchrotron amplitude distribution - at least 2 parameters

Pj:'l':(wl~ﬁ~ﬂs()QQ£) P’]:'l‘:(wl-ﬁ'~ﬂ‘:uQQ£) a(ﬁ) P'I:'l‘:(wl)
Pj:'*':(wbﬁ}QSnQQE) P’]:'*‘:({"Jz'ﬁl'QSnQQ‘f) a(ﬁ) P’IZ'*‘:(WQ)

. Nominal synchrotron frequency - 1 parameter i

»  Betatron tune - 1 parameter

*  Chromaticity - 1 parameter

+ - + o 9(r r
For a given set of parameters multiparticle spectrum can be calculated 1Pz @m, 71, e, @, Q6) -+ P (wm, T, (s, Q, Q) | \-g(ﬁ_,t)- _-PT (w._«m)'
with a simple matrix transform. M(S219.Q.Q8) 4 °
M(€2:0.Q.Q8))

Details in: K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 23, 062803
K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 25, 062801
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Matrix form of Schottky spectra

Mathematically, incoherent Schottky spectra are given
as a function of:

*  Synchrotron amplitude distribution - at least 2 parameters

. Nominal synchrotron frequency - 1 parameter i

Pj:'l':(wl~ﬁ~ﬂs()QQ£) P’]:'l‘:(wl-ﬁ~ﬂ‘:{}QQ£) a(ﬁ) P'I:'l‘:(wl)
And: . - -
P (w2, 71,5, Q. Q€) -+ Pir(w2, 7y 0, @, Q) | [3(72) Py (w2)
»  Betatron tune - 1 parameter _ _ . _ =
*  Chromaticity - 1 parameter
For a given set of parameters multiparticle spectrum can be calculated k_PT (Wi, 71, 8250, @, QE) -+ Pp (Wi, Ty Sso, @, Qé)_l 9(7) | | Pr(wm)]
with a simple matrix transform. M(Qag Q,QE)) A e

Use case 1: fast Schottky spectra simulation.

J'W(SESO QQ&))

Details in: K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 23, 062803
K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 25, 062801
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Matrix form of Schottky spectra

Mathematically, incoherent Schottky spectra are given
as a function of:

*  Synchrotron amplitude distribution - at least 2 parameters

. Nominal synchrotron frequency - 1 parameter - R " N T [ ] [ s 1
PT (WI,TI,Q_&;“;Q;Qg) PT (wlsTn:QS(}:Q:Q‘f) Q(Tl) PT (Ld[)
And: - - N
P (w2, 71,5, Q. Q€) -+ Pir(w2, 7y 0, @, Q) | [3(72) Py (w2)
*  Betatron tune - 1 parameter _ _ : _ =
*  Chromaticity - 1 parameter
/., = + ~ ~(~ +
For a given set of parameters multiparticle spectrum can be calculated k_PT (Wi, 71, 8250, @, QE) -+ Pp (Wi, Ty Sso, @, QE)_J 9(7) | | Pr(wm)]
with a simple matrix transform. M(Qag Q,QE)) A S

Use case 1: fast Schottky spectra simulation

Use case 2 (spectral fitting): given an experimentally
measured spectrum, true parameters would minimize the
cost function:

C(QSU:Q:anA) — |M (QsoaQan) - A — [Semp]|2

Minimizing routines iteratively simulate Schottky spectra
and compare them with the measurement.

J'W(SESO QQE)}

Details in: K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 23, 062803
K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 25, 062801
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Matrix form: excluding frequency bins

Fitting procedure also allows to exclude the spectral regions with undesired components.
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Typical LHC beam parameters:

LHC Schottky Monitor

Nparticles
(per bunch)

1011

108

« One system for two particle species: protons and Pb&%* jons,

one device per beam and per plane Bunch length (40)

1-14 ns

Normalized
transverse emittance

1.5-2.5 um

Energy Inj/Flattop
(per nucleon)

0.45-6.8
TeV

0.18-2.6
TeV
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LHC Schottky Monitor

« One system for two particle species: protons and Pb&%* jons,
one device per beam and per plane

« Pair of slotted waveguides, probing beam field at 4.81 GHz,
followed by filtering and down mixing to 11.2 kHz

Typical LHC beam parameters:

transverse emittance

N, . 11 8
(pe?abrﬂglgﬁ) 10 10
Bunch length (40) 1-1.4 ns
Normalized 15-2.5 um

Energy Inj/Flattop
(per nucleon)

TeV

0.45-6.8 0.18-2.6

TeV

LHC Schottky signals

Intensity [arb. units]

Trev ~ 89 s

Time [ps]

LA A A e R A

LHC “Schottky Monitor”

Details on the LHC Schottky system in ) ~1/o; 4.81 GHz = 427725 1,
M. Betz et al., NIM, vol. 874, pp 113-126, 2017 2 S m
| | S Y P deiieelieeennn \- el s y, il i al e ol ol 1T TP I 1} e al
(‘) \_/
Frequency [Hz]
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LHC Schottky Monitor

« One system for two particle species: protons and Pb&%* jons,
one device per beam and per plane

« Pair of slotted waveguides, probing beam field at 4.81 GHz,
followed by filtering and down mixing to 11.2 kHz

« (Gating system enables observation of single bunches

Typical LHC beam parameters:

transverse emittance

N, . 11 8
(pe?abrﬂglgﬁ) 10 10
Bunch length (40) 1-1.4 ns
Normalized 15-2.5 um

Energy Inj/Flattop
(per nucleon)

TeV

0.45-6.8 0.18-2.6

TeV

LHC Schottky signals

Intensity [arb. units]

Trev ~ 89 s

Time [ps]

LA A A e R A

LHC “Schottky Monitor”

Details on the LHC Schottky system in ) ~1/o; 4.81 GHz = 427725 1,
M. Betz et al., NIM, vol. 874, pp 113-126, 2017 2 S m
| | S Y P deiieelieeennn \- el s y, il i al e ol ol 1T TP I 1} e al
(‘) \_/
Frequency [Hz]
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LHC Schottky Monitor

« One system for two particle species: protons and Pb&%* jons,
one device per beam and per plane

« Pair of slotted waveguides, probing beam field at 4.81 GHz,
followed by filtering and down mixing to 11.2 kHz

« (Gating system enables observation of single bunches

* The only instrument with the potential of measuring the
chromaticity in the LHC in a non-invasive way

VAELILIM vacuLm
L ®

Typical LHC beam parameters:

transverse emittance

N, . 11 8
(pe?abrﬂglgﬁ) 10 10
Bunch length (40) 1-1.4 ns
Normalized 15-2.5 um

Energy Inj/Flattop
(per nucleon)

0.45-6.8 0.18-2.6

TeV

TeV

LHC Schottky signals

Intensity [arb. units]

Trev ~ 89 s

Time [ps]

LA A A e R A

LHC “Schottky Monitor”

Details of the LHC Schottky system in g ~1/o: 4.81 GHz = 427725 e,
M. Betz et al., NIM, vol. 874, pp 113-126, 2017 2 R /_\
| | S R deiieelieeennn \-- el s y, il i al e ol ol 1T TP I 1} e al
(‘) \_/
Frequency [Hz]
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Steady Beam, 18/11/2022 21:38, B2H

LHC Schottky Spectra

(upper transverse sideband) 20

I. Spectra in agreement with the theory: *

*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom 5

Time [seconds]

+  Easy to analyse: just use the theory
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Collimator scraping, 18/11/2022 01:01, B2H

LHC Schottky Spectra

(upper transverse sideband) 20
. . Z w

. Spectrain agreement with the theory: S
*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom g 5

+  Easy to analyse: just use the theory =
ll. Local distortions: 80

»  Caused by residual coherence, invasive beam parameter

mesurements, direct beam interaction with the surroundings 100
*  Theory cannot be directly used »
120
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(o]
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g e
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LHC Schottky Spectra

(upper transverse sideband)

Spectra in agreement with the theory:

Mostly at flat-top energy of ion fills, shorter periods at flat-bottom

Easy to analyse: just use the theory

Local distortions:

Caused by residual coherence, invasive beam parameter
mesurements, direct beam interaction with the surroundings

Theory cannot be directly used

Coupling measurement, 18/11/2022 21:42, B2H
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LHC Schottky Spectra

(upper transverse sideband)

. Spectra in agreement with the theory:

*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom

+  Easy to analyse: just use the theory

Il. Local distortions:
»  Caused by residual coherence, invasive beam parameter

mesurements, direct beam interaction with the surroundings

*  Theory cannot be directly used

Residual coherence, 29/03/2023 21:53, B2V
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LHC Schottky Spectra

(upper transverse sideband)

I. Spectra in agreement with the theory:
*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom

+ Easy to analyse: just use the theory

Il. Local distortions:

«  Caused by residual coherence, invasive beam parameter
mesurements, direct beam interaction with the surroundings

*  Theory cannot be directly used

lll. Transient effects:
*  Tune shifts, RF modulation, energy ramp

*  Theory cannot be directly used on averaged spectra, but
spectograms are easy to read

Tune shift, 18/11/2022 23:20, B2H
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RF modulation, 18/11/2022 21:40, B2H

LHC Schottky Spectra

(upper transverse sideband) A
. . Z w

. Spectrain agreement with the theory: S
*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom g 5

+  Easy to analyse: just use the theory -
Il. Local distortions: 80

*  Caused by residual coherence, invasive beam parameter

mesurements, direct beam interaction with the surroundings 100
*  Theory cannot be directly used 40
lll. Transient effects: 150

*  Tune shifts, RF modulation, energy ramp

100
* Theory cannot be directly used on averaged spectra, but
spectograms are easy to read
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LHC Schottky Spectra

(upper transverse sideband)

. Spectra in agreement with the theory:
*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom

+  Easy to analyse: just use the theory

Il. Local distortions:

»  Caused by residual coherence, invasive beam parameter
mesurements, direct beam interaction with the surroundings

*  Theory cannot be directly used

lll. Transient effects:
*  Tune shifts, RF modulation, energy ramp

* Theory cannot be directly used on averaged spectra, but
spectograms are easy to read

Energy Ramp, 18/11/2022 22:48, B2H
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Octupole ramp, 18/11/2022 22:38, B2H

LHC Schottky Spectra

(upper transverse sideband) A
. . Z w

. Spectrain agreement with the theory: S
*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom g 5

+  Easy to analyse: just use the theory -
ll. Local distortions: 80

*  Caused by residual coherence, invasive beam parameter

mesurements, direct beam interaction with the surroundings 100
*  Theory cannot be directly used 40
lll. Transient effects: 150

*  Tune shifts, RF modulation, energy ramp

100
* Theory cannot be directly used on averaged spectra, but
spectograms are easy to read

(o]
o

IV. Effects beyond the potential of present analysis:

*  Octupole magnets, betatron coupling, impedance, all intrument
problems

PSD [arb units]
3

N P
o o
—
[—
—— |

+  The theory to analyse such spectra is still to be developed, or
technical difficulties are to be overcome

o

0.15 0.20 0.25 0.30 0.35 0.40
Frequency - fey [frev]
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LHC Schottky Spectra

. Spectra in agreement with the theory:

*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom

 Easy to analyse: just use the theory

Il. Local distortions:
*  Caused by residual coherence, invasive beam parameter

mesurements, direct beam interaction with the surroundings

*  Theory cannot be directly used

lll. Transient effects:
. Tune shifts, RF modulation, energy ramp

* Theory cannot be directly used on averaged spectra, but
spectograms are easy to read

IV. Effects beyond the potential of present analysis:

*  Octupole magnets, betatron coupling, impedance, all intrument

problems

+  The theory to analyse such spectra is still to be developed, or

technical difficulties are to be overcome

lon beam

Proton beam
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Schottky spectra examples

. Spectra in agreement with the theory:
*  Mostly at flat-top energy of ion fills, shorter periods at flat-bottom

 Easy to analyse: just use the theory

Il. Local distortions:

*  Caused by residual coherence, invasive beam parameter
mesurements, direct beam interaction with the surroundings

*  Theory cannot be directly used

lll. Transient effects:
. Tune shifts, RF modulation, energy ramp

* Theory cannot be directly used on averaged spectra, but
spectograms are easy to read
IV. Effects beyond the potential of present analysis:

*  Octupole magnets, betatron coupling, impedance, all intrument
problems

+  The theory to analyse such spectra is still to be developed, or
technical difficulties are to be overcome

lon beam

Proton beam
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Schottky spectra examples

IV.

Spectra in agreement with the theory:
*  Mostly at flattop energy of ion fills, shorter periods at flatbottom

. Easy to analyse: just use the theory I o n be a m

Local distortions:

*  Caused by residual coherence, beam parameter mesurements,
beam interaction with the surrounding

*  Theory cannot be directly used

Transient effects:
. Tune shifts, RF modulation, energy ramp

* Theory cannot be directly used to averaged spectra, but
spectograms are easy to read \ P rOtO n bea I l l
Effects beyond (current) analysis potential:

*  Octupole magnets, betatron coupling, impedance, all intrument
problems

uration, low signa

sat .
to noise ratio

*  Theory to analyse such spectra is still to be developed, or technica
difficulties are to overcome

CE/RW
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N
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LHC Schottky Spectra

Analysis techniques known

“1. Spectra in agreement with the theory:

Mostly at flattop energy of ion fills, shorter periods at flatbottom

Easy to analyse: just use the theory

Il. Local distortions:

Caused by residual coherence, beam parameter mesurements,
beam interaction with the surrounding

Theory cannot be directly used

lll. Transient effects:

Tune shifts, RF modulation, energy ramp

Theory cannot be directly used to averaged spectra, but
spectograms are easy to read

IV. Effects beyond (current) analysis potential:

Octupole magnets, betatron coupling, impedance, all intrument
problems

Theory to analyse such spectra is still to be developed, or technical
difficulties are to overcome

“-ees e s e e = =
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Extraction of beam parameters: nominal synchrotron frequency

 The Longitudinal Schottky spectrum is determined by:

*  Synchrotron amplitude distribution

* Nominal synchrotron frequency

LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16
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Extraction of beam parameters: nominal synchrotron frequency

 The Longitudinal Schottky spectrum is determined by:

Synchrotron amplitude distribution

Nominal synchrotron frequency

 These parameters can be retrieved by minimizing the cost function:

C(QSoa ﬂ) = |M(QS‘0) ) ﬂ _ Pf)x}f;le

LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16
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Extraction of beam parameters: nominal synchrotron frequency

 The Longitudinal Schottky spectrum is determined by:

*  Synchrotron amplitude distribution

* Nominal synchrotron frequency

 These parameters can be retrieved by minimizing the cost function:

C(QSoa ﬂ) = |M(QS‘0) ) ﬂ _ Pf)x}f;le

 Minimization performed using the Differential Evolution algorithm from SciPy library.

LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16

— —— Measured Spectrum
:‘é 105 - —— Fitted Spectrum (Fs, = 23.80 Hz)
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Frequency - 52 [kHz]
Details in: K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 23, 062803
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Extraction of beam parameters: longitudinal bunch profile

LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16

 These parameters can be retrieved by minimizing the cost function:

i fﬁ‘w YJ ﬂ’,J 1'!

—_
o
-

« The Longitudinal Schottky spectrum is determined by: o .y — Nemmispn
Synchrotron amplitude distribution 710 f \ /W [
Nominal synchrotron frequency _2103 / w ﬂ\} V‘J v\f
2 N

C(Qsoa \-ﬂ) = |M(QS‘0) - A - Pf)xfl:‘jTl 04 0.2 0.0 - 02 04
Frequency - 52 [kHz
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Extraction of beam parameters: longitudinal bunch profile

LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16
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The Longitudinal Schottky spectrum is determined by:

*  Synchrotron amplitude distribution

* Nominal synchrotron frequency

These parameters can be retrieved by minimizing the cost function:

C(QSoa ﬂ) = |M(QS‘0) ) ﬂ _ P

exp
DFT
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PSD [ar
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Measured Spectrum

Fitted Spectrum (Fg, = 23.80 Hz)

Obtained synchrotron amplitude distribution can be transformed into longitudinal bunch profile

LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16
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Density [arb. units]

Extraction of beam parameters: longitudinal bunch profile

LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16

107 N

 The Longitudinal Schottky spectrum is determined by: 1| oo
«  Synchrotron amplitude distribution 2104 j-”- \n/l“ \h
* Nominal synchrotron frequency élm W i\} V\‘ W\f | |
 These parameters can be retrieved by minimizing the cost function: 8 | _thhA "g n\ f ,fk M I e
o] | ) "J \J ‘J | i L‘ ."'L Iy ‘N ’ ‘“’"’“w”“w
C(Qq, A) = IM(Qy) - A - PRlyl?

Frequency - 52 [kHz|

« Obtained synchrotron amplitude distribution can be transformed into longitudinal bunch profile

LHC Fill 7421. Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16 LHC Fill 7421, Beam 2 Horizontal, Bunch 1, 08.11.2018 00:16
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Details in: K. Lasocha and D. Alves, Phys. Rev. Accel. Beams 23, 062803
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Extraction of beam parameters: tune & chromaticity

Example: 8 hour long ion collisions in Nov 2022

Pb32* collisions, 19/11/2022 07:00, B2H
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Extraction of beam parameters: tune & chromaticity

Example: 8 hour long ion collisions in Nov 2022

Pb32* collisions, 19/11/2022 07:00, B2H

Time [seconds]
3 o
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1

il
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o

Betatron tune
i=N
Cup (k) = ) |PH(@ii) = Ph(wis)|
i=1

Cost function minimized at the band's axis of symmetry
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Extraction of beam parameters: tune & chromaticity

Example: 8 hour long ion collisions in Nov 2022

Time [seconds]
3 o

—
o
o

Pb32* collisions, 19/11/2022 07:00, B2H
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Cost function minimized at the band's axis of symmetry
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Extraction of beam parameters: tune & chromaticity

Example: 8 hour long ion collisions in Nov 2022

o

Pb32* collisions, 19/11/2022 07:00, B2H

2
=}
S 5 b LHC Fill 8413, Beam 2 Horizontal
o 0.3106 l l 18
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& 100 .
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.3100 1
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Cup (k) = )" |Pi(wi—) = Py (wir)]
i=1 0.3098
Cost function minimized at the band's axis of symmetry
Chromaticity N
NN NS A Qo QX Qo Qo- g Ni=B
0¢ n nAf— —Afy 0 Time [HH:MM of 19.11.2022]
= - — I
Af- +Af,
Standard formula relating sidebands width with chromaticity
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Extraction of beam parameters: tune & chromaticity
Example: Early proton fill in March 2023

Residual coherence, 29/03/2023 21:53, B2V
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Extraction of beam parameters: tune & chromaticity

Example: Early proton fill in March 2023

Residual coherence, 29/03/2023 21:53, B2V
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Standard formula relating sidebands width with chromaticity
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Extraction of beam parameters: tune & chromaticity
Example: Early proton fill in March 2023

Residual coherence, 29/03/2023 21:53, B2V

g 0
2 & " LHC Fill 8505, Beam 2 Vertical
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L . \ N hy a1
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—---- Reference Chromaticity
Standard formula relating sidebands width with chromaticity 9 ]
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Offset of over 4 units...
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Extraction of beam parameters: tune & chromaticity

Example: Early proton fill in March 2023

Residual coherence, 29/03/2023 21:53, B2V
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Extraction of beam parameters: tune & chromaticity

Example: Early proton fill in March 2023

Residual coherence, 29/03/2023 21:53, B2V
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Betatron tune
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Cup (k) = ) |PH(@ii) = Ph(wis)|
i=1

Only "valid" frequencies taken into sum
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Extraction of beam parameters: tune & chromaticity

Example: Early proton fill in March 2023

Residual coherence, 29/03/2023 21:53, B2V
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Only "valid" frequencies taken into sum

Chromaticity
C(Aa Qg) - ‘M(Qg) A~ Sea:p|2

Nominal synchrotron tune calculated independently,
Cost function minimization using Differential Evolution algorithm.
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Extraction of beam parameters: tune & chromaticity

Example: Early proton fill in March 2023

Residual coherence, 29/03/2023 21:53, B2V
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LHC Fill 8505, Beam 2 Vertical
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Nominal synchrotron tune calculated independently,
Cost function minimization using Differential Evolution algorithm.
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LHC Schottky online signal analysis pipeline

C. Lannoy et al., WEP035, IBIC'23

Get the distribution of Determine valid frequency bins:
Obtain a Schottky spectrum synchrotron amplitudes from 1) Statistical properties
longitudinal bunch profile 2) Correlation between planes

Determine chromaticity by
fitting the transverse
spectrum

Calculate nominal f based on
RF voltage and longitudinal
Schottky spectrum

Calculate betatron tune
using MD algorithm

Implementation in the final stage of development, planned be in use in the end of 2023
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Further plans

Instrument & Beam:

« Full automation of Schottky signal analysis, applying both "traditional" estimates and spectral fitting
procedures

* Investigation on the source of coherent component in Schottky spectra: effects of abort gap
cleaning, orbit feedback, ...

Theory:

* Quantify the effect of octupoles on Schottky spectra, assess their impact on tune and chromaticity
estimates

« Study the modifications of Schottky spectra due to the beam-coupling impedance

See C. Lannoy et al., HB'23 THBP47
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Thank you for your attention!

RF manipulations, 24.04.2023, LHC Beam 2 Horizontal
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