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Motivation
The Proton Synchrotron (PS), CERN'’s first synchrotron, is in operation since 1959. [ \wnite Rabbit Switch [ B-field
With several upgrades over the years, today it delivers proton and heavy ion beams T aa 77 i
with charges ranging from 108 to 4-10'3 with an energy of up to 26 GeV. The ring has a empaueen oeam oops Current Beam Control
circumference of 628 m and is equipped with six different RF systems in a frequency Serial FIW
range from 0.4 to 200 MHz, driving in total 25 RF cavities [1]. _PPM selector
The LLRF system can be divided in two main sub-systems: cavity controllers and beam ‘“’“‘ e \—? IEI
control. The former are composed of multi-harmonic feedback loops [2] to control RF clock
amplitude and phase of the RF signal being sent to the cavities. The latter implements / degpuen
phase, radial or synchronization loops to keep the required beam specifications and | Wﬁ
synchronize the injection and ejection processes. ' RF Frontends Cavity controllers
The beam control is currently being renovated, and the new system is Iin the Reference Dipole i
commissioning phase. The new beam control includes two VMEbus Switched Serial . A A A
(VXS) crates performing digital demodulation of the beam loop inputs and one ~ T
microTCA crate implementing the beam loops. These choices have been taken to - 1' — . N ~
reuse and standardize the elements used in different accelerators at CERN. In _( G( ()[ ' <( G( G{ G;
particular, VXS systems are currently in operation in several injectors at CERN: PSB, Beam pick-ups RE cavitios
AD, ELENA, LEIR [3], whereas the beam loops implementation is inspired by the new
beam control Systems of SPS and LHC machines [4] Figure 1 — PS beam control system layout for commissioning tests

Demodulation architecture System validation and commissioning
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TCPeALE Data streams (1/Q) are sent to the MainFPGA and synchronized between
fag measurement all boards in the VXS crate using the Sushi Train mechanism. Two high-
MHS.:D:Z;{; — | MAEEEAS) - speed serial links at 2 Gbps are used to exchange demodulated data
(sncphese, i fed 12 req) [ T generator from the 64 |/Q streams present in a single crate. New data are
— ol e generated and synchronized every microsecond. When the data streams
— = v | ] [T BN " Vs | WERZOT) o are synchronized, every board has access to the data streams of all
ona | L1200 [ e armoric 71575/ - ¥ boards. One of the boards is connected to the VXS switch in the crate,
- E - V M management *'ff.ii“;-f':lﬂg which routes the data stream to two SFPs. Two fiber connections per
o] ez [ 1L REIRG [ e - crate are thep connected to the beam loops module in the micquCA
e i p— T> O > Al memory crate, receiving I/Q streams for the two crates: 64 channels with 2
s V| cemedert [y ||| > suhiTran [V harmonics at 1 MSPS.
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Each VXS crate contains four VXS-DSP-FMC boards and two VXS T ] oo [T
switches [5]. The carrier boards include two FMC boards with 4-channel L ! ‘ S —
125 MSPS ADC:s. It also contains two FPGAs, one directly connected to : f : | ot
the FMCs, in charge of the demodulation of the 8 input channels per e e tealE)
board.

Figure 4 — Sushi Train datapath implementation details

The demodulation is performed simultaneously using two harmonics of
the revolution frequency, to allow a smooth harmonic change during the
cycle in the beam loops. The harmonics are fully configurable via
functions, as well as the azimuth of the NCOs. Other parameters, such
as the phase offset or delay are configurable via registers.

As the PS delivers a wide variety of beam types to different extraction
lines, the current beam control system is composed of a collection of
iIndependent systems being multiplexed according to the selected beam
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Figure 3 — Demodulators architecture planned for next year. F/gL;reIS— VXS crate being commissioned for the new PS beam
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