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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsMagneti MultipolesFourier expansion of the radial �eld omponents:Br (r0, φ) =

∞∑n=1 [Bn(r0) sin nφ + An(r0) os nφ]Bφ(r0, φ) =

∞∑n=1 [Bn(r0) sin nφ − An(r0) os nφ]An(r0) =
1
π

∫ 2π0 Br (r0, φ) os nφ ≈
2N N−1∑k=0 Br (r0, φk) os nφkBn(r0) =

1
π
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsTransverse RF KiksTransverse RF kiks:1 Lorentz fore
∆p⊥(r , φ) =

1vz ∫ L0 F⊥ dz =
q ∫ L0 [E⊥ + vz × B⊥] dz2 Panofsky-Wenzel theorem

∆p⊥(r , φ) =
jq
ω

∫ L0 ∇⊥Ea(r , φ, z)dz ,where Ea = Eze jkz is the aelerating �eld.Assumptions made valid for the LHC:The partile is moving parallel to the z axis,at the speed of light.María Navarro-Tapia, Alexej Grudiev, Rama Calaga RF Multipoles in LHC Crab Cavities 11 / 28
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsRF Multipoles versus Magneti MultipolesMagneti multipolesStati.Kik non-dependent on thelongitudinal position ofpartiles.
RF multipolesHarmonially osillating (ωRF ).Kik does depend on the RFphase of the partile.Equating the RF and magneti multipoles...B(n)

⊥
=

1q F (n)
⊥

=
nj
ω
E (n)a [Tm/mn]The RF kik oe�ients...bn =

∫ L0 B(n)
⊥
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsTuning the height of one plate
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsCavity MeasurementsUltimate AimExperimental veri�ation of the RF multipolar omponents forthe rab avities under study, by means of bead-pullmeasurements.Bead-Pull MeasurementsExamine the EM �eld inside a avity during low-power tests.Based on the Slater Perturbation theory:
∆ω

ω0 ∝

∫
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsTypial Bead-Pull System
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsRF Multipole Bead-Pull MeasurementsCustomarily used to measure the on-axis E �eldin aelerating avities.Our requirementsRather than in the fundamental �eld distribution, we areinterested in the higher order omponents.Need to arry out o�-axis measurements.Rotational degree of freedom needed.
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsRF Multipole Bead-Pull MeasurementsBead-Pull RequirementsVersatile for the measurements of the 3 di�erent rab avities.Capaity to position the bead along a irumferene path.Ensure great stability to warranty high-preision measurements.Avoid the sagging of the bead.Bead-Pull SolutionsInlusion of linear slides to over all the points for eahtransverse plane.Stable bead-pull benh to avoid vibration.Plae the avity vertially to pull the bead vertially too.María Navarro-Tapia, Alexej Grudiev, Rama Calaga RF Multipoles in LHC Crab Cavities 22 / 28
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsLatest Idea for Bead-Pull Benh
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Introdution RF Multipole Theory Latest Cavity Analysis Measurements Conlusions AknowledgementsSummary and onlusions
Three di�erent avities (RF dipole, 1/4-wave and 4-rod) havebeen studied for the higher-order multipole viewpoint.A tolerane study is ongoing on for the 1/4-wave avity to assessthe sensitivity of the urrent design to errors in the manufaturing.A bead-pull setup is being onsidered for having experimentalevidene of the multipole oe�ients.
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