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Motivation

1. Higher-Order-Modes (HOM) in the 200 MHz cavities:
« Defining factor for intensity threshold in the SPS
« Effect LHC-type & fixed target beam

Characteristics ( ):
* f,=914 MHz & 914.7 MHz

« Ry, =1.7MQ sEEae
* @ ~ 3000 & 5000 e b et

2. Intensity threshold for high voltage ratios (Vg):

* Non-monotonic synchrotron frequency distribution

« Expanded calculation with Lebedev suggests
Stab|||2|ng mechanisms E. Shaposhnikova: Analysis of coupled bunch instability spectra, AIP 1999

Beam spectrum from 0.8 to 1 GHz of fixed target proton cycle in SPS
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https://gitlab.cern.ch/longitudinal-impedance/SPS/-/tree/master?ref_type=heads
https://pubs.aip.org/aip/acp/article/496/1/256/753734/Analysis-of-coupled-bunch-instability-spectra

MDs 2024 — 914 MHz HOM

Copy operational settings: 1.
« SFTPro (Higher filling factor)
« Disabled: barrier bucket, phase loop

Adiabatically decrease 800 MHz to target
voltage ratio

Searching for instability
Repeat with different voltage ratio

W N

MD Scope Spectrum Analyzer

(Dipole) Oscillation Interaction with mode
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Threshold prediction for R, = 1.7 MQ
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Dipole oscillation during flat top
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Interaction with the two modes around 914 MHz
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Non-monotonic frequency distribution

Calculation with stability diagram (based on Lebedev) suggest stabilizing mechanism for Vg > 0.205
Needed:

* Bunch length past critical point 1.4+
» Adiabatic decrease of voltage to 1MV
» Adiabatic increase of Vi up to 0.5

Ve =0 (stable)
— Vr=0.1 (stable)
—— Vg =0.2 (unstable)
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Recap of 2024 MDs in 2025

914 MHz HOM 914 MHz HOM
* MDs match theoretical calculations based on - Check reproducibility
impedance model « Contribution of the phase loop

« Finer scan, more detailed
Non-monotonic synchrotron freq.

« Beam unaffected by unstable regime » Number of slots: 3-4

Availability: Non-monotonic synchrotron freq.

* Overall, verygood | « Test impact of unstable area

* Minor hick ups (Difficulties of copying - Validate threshold calculations from Lebedev

operational settings)
» Number of slots: 3-4

Thank you for your attention
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Dipole oscillation during flat top for higher Vg
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Lebedev equation for the G,, matrix values

i (S Z,(Q)/k _ _aN,IranImZ/k
A;)(Q) — _E Z G,’Jk(g) ImZ/k ('Q) c = {)/0 COS 0

. W mk(g)lnu( )(1) (g)
Gpi(Q) = —i Z/ dé’ d5 Q*/m? f — w3 ()

N =1

max max)

f(€) _ fle(ws)) 1
/ O — w;(e) de = . Q — w; dws Acs
€0 ws(€p) €
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Expanding the Lebedev equation

Emax £ —o e*+6 £ max
f(e) N f(e) £(e) o)
Q—ws(s)ds_ , Q—ws(s)dsf.[q(}—ws( dEJr*/ Q — ws(e) ‘
0 0 £*—0 £* 40
Emax (US(E*—(S) £ ‘Hﬁ' 3(
f(E) - f(e(ws)) 1 / ( ) / f E(ws)) 1
/ O — w.(c) de = O — o daos(elaas) dwg + O — w.(c) de + O — o, danle(@) dcw,
0 ws(0) de et w.(0) T

Condition for integral part 2: Q) & [ws(e* — 8), ws(e* + 6)]
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Stability diagram: short bunch, single RF
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Stability diagram: short bunch, Vi = 0.2
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Stability diagram: long bunch, Vg = 0.202
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Stability diagram: long bunch, Vg = 0.204
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Stability diagram: long bunch, Vi =0.22
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Stability diagram: long bunch, Vi =0.22
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Analytical threshold prediction for R, = 1.7 MQ
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Analytical threshold prediction for R, = 3 MQ
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Numerical threshold prediction for R, = 3 MQ
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Bunch evolution for non-monotonic synchrotron
frequency distributions
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