Study of the performance of the CERN Proton Synchrotron
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Abstract: In the framework of the LHC Injector Upgrade project, a new internal dump for the CERN Proton Synchrotron (PS) has been designed, installed, and successfully commissioned. This device is
meant to move rapidly into the beam and stop charged particles over several turns to provide protection to the PS hardware against beam-induced damage. The performance of the dump should ensure
efficient use throughout the PS energy range, i.e. from injection at 2 GeV (kinetic energy) to flat top at 26 GeV (total energy). In this paper, detailed numerical simulations are presented, carried out with a
combination of sophisticated beam dynamics and beam-matter interaction codes, assessing the behaviour of stopped or scattered particles. The results of these numerical simulations are compared with
the data collected during the routine operation of the PS and its internal dump.

Context

During the LS2 of the CERN accelerator complex,
the 2 internal dumps from Straight Section (SS) 47
and 48, have been replaced as part if the LHC Injec-
tor Upgrade.

Beam and optics characteristics:
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PS Dump characteristics:
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Typical beam and optics parameters used in the
simulations from the PS specifications.

LHC SFTPRO
€x/€, [mmmrad] 2.3 9/5

» Move vertically at 0.8 m/s;

» Composed of two elements: a 12 cm-long graphite block
(upstream) and an L-shaped block in CuCr1Zr with a
10.8 cm thick feet (downstream).
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Aperture model:

6.217 6.247
» The standard cross section is an ellipse of half axis 6.280 6.298
73/35 mm; 1 67 3 03

» The presence of extraction regions introduces variations Evolution Of the horizontal (top) and vertical (bottom) | |
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in the cross section. Sometimes, the geometrical centre
of the cross section is displaced to optimise the beam
aperture.

dimensions of the beam pipe (blue) and of the
approximation used in the simulations (red).

Dump from SS47 vs SS48 Collimation Codes

» BDSIM and Xsuilte not tested at those energies;
[[45]46]47(48(49(50]51]52|53(54|55]56] 57(58[ 5960 61] 62[ 63| 64 » For the comparison: graphite (p = 1.83g/cm’) — carbon
(1.67 g/cm’) and CuCr1Zr (8.9 g/cm’) — Cu (8.96 g/cm°).

» Alarge fraction of the beam impacts the vacuum
chamber instead of interacting with the dump;
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» The difference in time required to dump the
beam is due to the difference in beam size
(Byv.ssa7 = 11 m, By ssag = 22 m);

» Losses are restricted to a region of about 120 m
downstream of the dump (~ 1/5 of the ring);
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» Discrepancies between dump SS47 and SS48 ac-
tivation are of the order of the percent.
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» A lower fraction of the beam has a nuclear interaction with the dump compare to the LHC case;
» Complete beam disposal takes longer, caused by the larger normalized emittance and lower beam energy; 4D vs 6D simulations
» The extent of the region where beam losses occur is slightly smaller.
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