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Abstract

To reduce beam loading in the accelerating cavitiehe CERN PS, a one-turn delay feedback (FBYides significant impedance reduction at revohlufi®quency harmonics in addition to the directevithnd FB.

This new FB developed within the LHC Injector Updgaproject is based on the LHC one-turn delay EBtednics. The new hardware is able to cope wighstheeping revolution frequency in the PS, as asilith
changing harmonic numbers. A unique clock at adfixarmonic of the revolution frequency, rangingiir85 MHz to 96 MHz, is used. The signal proces$&agures an |IR notch filter, programmable to aaynonic
number, combined with a comb filter and a glitcbefivariable delay. This delay consists of a FIF@nomg with fine delay chains to complete the fullokition period. Moreover, a digital voltage cortiaop is being added
to the firmware, with non-1Q sampling techniquediect amplitude and phase of the cavity voltagstsTwith beam are presented with the full commigsg on all 11 cavities foreseen for the startrup014.

The CERN PS 10MHz Accelerating Cavities with its A, Direct Feedback and One-turn Delay Feedback Loap

« The longitudinal spectrum in a cavity with a circutgtibeam contains
theRF frequencyand periodigevolution frequency harmonics

« Theséef,, components of the beam multiplied by the impedanae of
RF cavity creates an unwanted beam induced voltage.
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Digital Filters and Automatic Delay Compensation ofOne-turn Delay Feedback and AVC Loop

Notch filter (IIR) programmable to anfyactional ratioh,/hg Comb filter Automatic delay compensation | 1-turn FB transfer functions fér= 8 and .= 437 kHz
- Suppress the RF component to avoid interferendeAMC || — high gain af,., harmonicq | ~ completes total loop delay to one turn with a Fi&@ delay line
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RF Voltage Amplitude and Phase Detection using NolQ Sampling Technique

Fourier series of a periodic function:

a, 2 n ) n H i.e. PS, cash,=7 andh=200 i
V=5 ; [ak CDS(WE by Slﬂ(ifkﬁ 3 : =>200 samples in 7 rf periods = 1 turn machjne

Discrete Fourier Coefficients:

Enveloppe detection of RF sigrigF8

2% cosamX) b =2¥y sin@mk ) k> I 2W+ ceilog2) w Amplitude
o] N N N J
. RF: Asin(wt + ¢) L
u Input sampleg[n] _ 2N ~ CORDIC
” M\ 2W+ ceil(log2(\)) w Phase

= g andb, at harmonid correspond to demodulatédndQ:

il

= 2\ ] 1Q: => cos(iAp)
et ‘ﬁ; Yo sin(nag) Quev ‘NHZ:; ¥, CoSAS ) P . Demodulation technique allows to cleanlygletect an RF component
h, which is not necessarily an integer multiple of theampling frequency
N samples irM RF periods are required for periodicity:NT, = h T - Phase advance between two sampleAg = 2/‘[N - Latency of oneturn acceptable

Beam measurements

Effect of Notch filter on cavity return signal, AD Cycleh =8 - 13 - 20 Spectrum at cavity gap voltage of a single high iensity bunch (810'2 ppb, h,= 8) Feedback in and out along cycle
- Notch filterdynamically follows h, changesprovided by control system @ T L I o T = R

RF + Beam Loadlng ]

Beam Loading only
= Gap
[ — /] return

—

100ms/div

time

« Prototype tested, fully validated and series production launched
« Complete installation of new system on all 10 MHz cavities during®1 with Commissioning in 2014
« Future improvements (cavity phase compensation, cavity phase loop, 1/Qop)
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