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MD objectives

= Initial plan: measure NL optics with small action kicks via small AC-dipole + BBQ
and via ADT. Parasitically obtain data to measure 3Qy resonance.

m In practice: Focused on measurent and correction of 3Qy, with some parasitic
measurements at lower AC-dipole kicks (also discussed at LSWG on 26/04)

— primary aim was to obtain good measurement of 3Q, and make test of correction
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3@y resonance at injection potentially detrminental to several aspects of LHC operation

MD in Run2 suggested resonance islands from 3Q, 3Qy is candidate for driving lifetime
could contribute to €, growth during ramp reduction in conjunction with e-cloud

ELECTRON CLOUD OBSERVATIONS DURING LHC OPERATION WITH
BEAMS
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NTRODUCTION

Clear motivation for correction
— but LHC designed without any correctors intended for 3Q, compensation at injection

m MSS — chromatic coupling skew-sextupoles in arcs
— designed to suppress influence on 3Q,

m MCSSX — skew-sextupole corrs in ATLAS/CMS/ALICE/LHCb insertions
— never planned for use at injection, common to LHCB1/2, inside Xing-scheme

— Summer student project (E.Waagaard, 2021) showed MCSSX
had strength to correct 3Q, in LHC models
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First attempt to measure and correct 3Q, RDT (fyo30) at injection using
IR-skew-sextupoles performed in FMD1

— measure/correct |fyo30| resonance driving term (—2Qy line in vertical spectra)
— could obtain very clear measurements of —2Qy line even at moderate kick amplitudes

— will test offline improvement of RDT measurent upon inclusion of raw BBQ TbT
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3Qy RDT of LHCB1 is factor 2-3 worse than for LHCB2
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Key challenge with MCSSX is finding simultaneous correction of LHCB1/2
— Found good correction of LHCB1 which gave degraded LHCB2
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Beaml optimized correction improved lifetime of LHCB1 close to 3Q, while deteriorating
LHCB2 lifetime
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Key challenge with MCSSX is finding simultaneous correction of LHCB1/2
— Found good correction of LHCB2 which gave slight improvement to LHCB1 (below)
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Beam2 optimized correction improved lifetime of LHCB2 close to 3Q, while not
deteriorating LHCB1 lifetime
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After validating impact of corrections at flat-orbit checked RDT and feed-down with
crossing-angles applied

m Saw some further deterioration of the RDTs when crossing-scheme were applied

m LHCB2 correction still worked well with crossing-scheme, generated minimal
feed-down

— but only improved the worse LHCB1 RDT by 20 |%

m Stronger LHCB1 correction worked less well, generated ~ 4 % beta-beat and very
substantial coupling, and spoiled LHCB2

Corrections were passed on to Kostas for tests with nominal bunches in MD6924



E.H. Maclean, ‘MD6843: Methods for non-linear optics correction at small action’, LSWG, ich July 2022

Very successful MD!

m Demonstrated for first time we could correct 3Q, with IR-a3 correctors
(never intended for this purpose)

— showed that directly optimizing the RDT was beneficial for pilot lifetime

m Raised many interesting questions for study in future
— can we achieve an operational correction of both beams simultaneously
— how stable is the 3Q, at injection (decay, Xing-dependence etc...)
— how to correct 3Qy in the ramp?

m Didn’t manage to achieve all low-action studies originally envisaged

— in course of measuring / correcting 3Qy obtained some parasitic data
to test NL-optics measurement with small ACD kicks

— but didn’t manage tests of detuning and RDT measurement via ADT
— still of significant interest
— remaining tests relatively straightforward and could be short parallel MD at injection



