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Optics errors
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Tolerances: a simplified view
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Resolution of Fourier Analyses

3mm oscillation + 0.2mm Gaussian error (no decoherence)
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SUSSIX Is an interpolated FT with better resolu-
tion than the FFT (SVD beats SUSSIX in some
regimes).

Rogelio Tonas Garta LHC optics model, measurements and corrections - p.



le kick

sing

Optics measurement

+

BPM.6L1.B1

T T #Q +ﬁﬂﬁ+ T
= E
oA
e + Wr Hm
AT

++ %AT xm»v.iulv

&+ +

+ +++

T
T+

[ww] Buipeas Wdd

1.5

0.5

Turn number [1000]

[decoherence]

Imitation

L

p.¢

and corrections

measurements

optics model,

LHC

Garta

Tonds

Rogelio


http://rtomas.web.cern.ch/rtomas/movie.gif

Optics measurement. AC dipole
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Long-lasting forced oscillations adiabatically
ramped up and down— no emittance growth!
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LHC AC dipole data example
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AC dipole: safety test at Q.. = Q.

First losses &
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and safer than single kicks! a dream come true!
Above 1.2 TeV AC dipole is the only exciter.
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AC dipoles: too dangerous to be free

=

Enineer In Charge unlocking the C dipoles
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Optics corrections
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N =~ 1000 H&V BPMs per beam,
M = 200 quad circuits per beam

AK = R 'Ad,eqs (PSeudoinverse)
This works for moderately low optics errors but...
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1%* 5-beating measurement, 2008
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The segment-by-segment technique

Concept: split the LHC into segments and treat
them as independent transfer lines by using the
measured 3, , and «, , as the initial optics
conditions at the starting points — Results in a
block diagonal R
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Application to the 2008 data

Measurement=propagated model
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History of optics errors at injection
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Orbit and 3-beat tolerances can be rebalanced
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Corrections at injection in 2010
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Segment-by-segment correction
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Corrections in the order of 3% were required in
main warm magnets and 250% in trim magnets!
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Culprit at Iinjection

New magnetic measurements of MQWs explain
rather well the observed errors — Update MQW
calibrations.
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New MQW calibrations
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Similar performance!—Problem understood!
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The systematic b, error in the SC dipoles
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The correction is directly computed from magnetic
measurements!
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Optics errors during the sqgueeze
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Corrections at 5* =2m

LHCB1 3.5TeV.
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IP5 correction using the triplet
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IP8, the largest error
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Known triplet errors explain part of the deviation...
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The corrections at 3.5 TeV

Magnet | Value[m~—!] | Max[m~!] | Correction[%]
MQXB2.R5 -0.0087 0.018 -0.15
MQXB2.L5 0.0087 0.018 0.12
MQ5.R8B1 -0.0029 0.013 5—3.3
MQG6.L8B2 0.0056 0.013 1.8

The IR8 errors need further investigation.
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Coupling measurement
Double plane BPM.6L1.B1
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Full segment-by-segment
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Full segment-by-segment: error matching
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Coupling correction during the squeeze
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Global knobs are not strong enough at 5*=2m and

the IR skew quadrupole strengths are computed
using the full segment-by-segment technique.
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Summary & Outlook

| hope to have conveyed the excitement and
challenge of the LHC optics
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Summary & Outlook

| hope to have conveyed the excitement and
challenge of the LHC optics

e Cannot wait for the off-momentum and
non-linear optics

Rogelio Tonmas Garta LHC optics model, measurements and corre

ctions

- p.3



Summary & Outlook

| hope to have conveyed the excitement and
challenge of the LHC optics

e Cannot wait for the off-
non-linear optics

e 2013 challenge: 7 TeV
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Support slides
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Equivalence of ¢- and §-beatings
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SUSSIX Vs SVD for 90 turns

Simulations of LHCBZ2 at injection
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SVD clearly wins at low number of turns! It bene-
fits from the BPM-to-BPM correlation
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Along the energy ramp with new MQW cal.

LHCB2 450 GeV,
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Magnets behave better at higher energies!

Measurements possible thanks to the AC dipole!
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Coupling measurement

ho(N) = /21, %) _
12 f1001 2]y€i¢y(N) — 12 f1010 2]y€_i¢y(N)
12 f1001V/ 210N — i2 fro10v/ 2L, €'Y
fi001 @and f1919 are measured at every double
plane BPM. This allows to extend the

segment-by-segment technique to include
coupling!

1
Jio01 = B(Cm — 021 + 2011 + 2022)
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First off-momentum G-beat measurement
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First amplitude detuning measurement
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AQ,, [1077]
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