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Operating the LHC Off-momentum for p-Pb Collisions
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Introduction

In early 2013, the Large Hadron Collider (LHC) provided p-Pb collisions at high luminosity for the first time. The maximum beam energy was 4 Z TeV, implying that a significant RF frequency
difference of about 60 Hz remained between the beams on central orbits at top energy. Consequently, the beams had to be brought off-momentum to ensure that collisions took place in the
experiments. For an ideal machine, this corresponded to a relative momentum deviation 6, = Ap/p = £ 2.3x10* for p and Pb respectively, generating a maximum horizontal offset of the central
trajectory of 0.5 mm in the machine arcs which affected the collimation set up. Intrinsic beat-beating was calculated and a correction scheme was computed and superimposed on the usual beta-
beating correction on-momentum. This strategy was adopted to reduce the commissioning time of the squeeze procedure with off-momentum beams as much as possible.

Correction scheme for intrinsic beta-beating
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Figure: Analytic calculation of the L. ,
correction  compared  to  the Besults were compared .to the optimisation based on tracking data. And Figure: Calculated correction through
optimisation on tracking data. implemented in the operation system as a knob. the new squeeze process.

Off-momentum measurements with protons at f~ =(0.8, 0.8, 0.8, 2.0) m
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at the primary and secondary collimators.
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 Central orbit had to be carefully corrected on-momentum before off-momentum operation, il
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e Offsets due to off-momentum beams were small enough not to have to realign IR3 and IR7,

e TCT settings had to be adapted depending on ™ for each IP, TCTs were re-aligned for each physics configuration, Table 2: Tertiary collimators settings during p-Pb run
K  Loss maps showed the expected degradation of cleaning for Pb compared to protons due to nuclear reactions on the collimators. compared to 2012 settings at the colliding IPs. /
Conclusion

Commissioning the LHC for the p-Pb run in 2013 gave rise to new challenges compared to previous heavy ion runs. A new squeeze had to be commissioned and performed off-momentum, and a
substantial collimation set up was required to validate the off-momentum operation. A new correction knob was calculated analytically and successfully implemented in operation to compensate for
the beta-beating arising from the off-centred horizontal orbit of the beams. Thanks to this approach, several iterations on optics measurements and corrections could be avoided.
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