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Abstract
The remarkable versatility of the PS machine comes at the price of the complexity of

its rf beam controls, which never cease to evolve. Historically, these systems have
not only been maintained, but, to a large extent, have also been operated by the
specialists who put them together. How can we ensure their operational reliability

when such expertise 1s becoming thin on the ground?



PS Beam Controls for Non-experts
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Case 1n Point: LHC-type Beams

Year Process Year Process
<1999 | 40 + 80MHz cavity commissioning. 2002 | “Smooth” start of the pseudo-radial loop.
Debunching-rebunching. Double batch injection (4+2).
Ejection bump compensation. h=7 — 14 splitting and acceleration steps for 75ns spacing.
1999 | Triple splitting. Longitudinal instability analysis and cure (h=14).
2000 | 20MHz cavity commissioning. 2003 13MHz cavity commissioning.
2 x double splitting. h=14 — 28 sp.lit.ting and h=84 rebucketing .for 75ns spacing.
Double batch injection (3+3). Doub.le bat.ch injection (4+2) for 75ns spacing.
50ns spacing (half nominal intensity). Nominal pilot beam.
High-density pilot beam.
2001 | New closed-loop generation of h=21 (“local”), h=42, h=84.
e S 2004 | New DDS for h=21 (“local”), h=28, h=42, h=84.
Train distribution at ejection. S 4 13MH . L.
Re-establish 2 x double splitting. econ Z cavity commissioning.
. Totem beam(s).
Pseudo-radial loop. Counled-bunch instabilitv feedback
h=7 —> 21 compensation. oupled-bunch mstability teedback.
Advance ejection synchro ahead of all high-energy gymnastics. 2005 + | Addition of ILHC beam control.
Re-establish double batch injection (2+4). 2006 | New modules for remote control of phase for all splittings

50ns spacing (nominal intensity).

Short single bunch within the new low-level architecture.
Ultimate intensity.

Longitudinal instability analysis and cure (h=21).

Fine synchro.

(including ions) and of CBI feedback harmonics.
13/20MHz phase correction function.
Improved fine synchro (h=84, superheterodyne).




Reproducibility Issues

LHC-type beams require up to 5 distinct rf systems in the same cycle.

~8 phases must be controlled at or near the 1° level (only half of these are
).

There are a similar number of hardware delays — some of them critical at the 1ns

level (and none of them are remote).

All these parameters are inter-related.

There are 3 cascaded synchronization steps to lock onto the SPS — each of them
entails up to five parameters (none of which are remote).

The non-reproducibility of the PS magnetic field on the long injection plateau of
the variants (and, we suspect, at the arrival on the flat-top of all

LHC-type cycles) leads to shot-to-shot and day-to-day variations.

We observe variations in cavity response and beam control effects according to
the intensity per bunch and the number of bunches in the machine.

Even without counting all the different intensity options, each with different
numbers of PSB bunches, there are at least 7 variants of LHC-type beams — and
that’s just for protons.



Technical Issues

MHS technology was developed for the antiproton production beam and provides
an individual source capable of arbitrary harmonics for each 10MHz cavity. All
MHS sources receive a common clock that is tagged at the revolution frequency.
The servo loop acts back on the phase of the clock by comparing the beam phase
with one such drive. Since the feedback 1s not generated with respect to the cavity
returns, this requires the 10MHz cavities to be well-behaved under all conditions
of rf frequency and beam loading. They are not.

A consequence of the common clock is that there is no relative phase control of
the harmonic components during triple splitting, ion gymnastics and batch
compression. A new tagging scheme is being considered to overcome this.

High-frequency cavity phase is a function of voltage. This was first identified at

. Correction hardware has been implemented, but there were no 75ns
beams in 2006. Cf., 40MHz?

Not only are the manual synchro controls intrinsically non-ppm, the performance
of the existing module 1s dependent upon the initial conditions. A more robust
synchro could be implemented in the PS and Booster without waiting for a full-
blown all-digital beam control to be rolled out (with significant additional benefits
for the rms power dissipation of the PFWs).



Longer-term Issues

PS2.
All-digital beam control.
DSP measurement of cavity phase (AB-Note-2006-050 RF).

Operator training versus expert intervention: self-fulfilling prophecy.

The so-called “piquet” will never be better than a first-line service.
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