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IR Optics Corrections in FCC-ee



=L Introduction

= Robust optics correction methods essential for successful and
effective commissioning and operation

= Various optics correction methods available
« Global corrections minimizing S-beating uniformly
« Local, segment-by-segment style corrections
* Tuning knobs
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=Pl Motivation and
Background

= Often linear changes in multiple quadrupole strengths proportional
to the target value of a parameter

Ak = kj,0p X Aparameter

« Match parameter at one value and interpolate/extrapolate linearly for other
values

« This allows the creation of knobs in many machines

= Can define knobs for many properties
* Tune, f waist shift, §*, dispersion, coupling...
« Knobs can often be added linearly without much interference
 Allows easy tuning of machine without always matching

= Perform a first investigation of how readily IR tuning knobs can be
created



=PFL  Summary of Findings

= Certain parameters can be varied very linearly without distorting other
parameters too much

« Machine tune using RF insertion
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=PFL - Summary of Findings

= Certain parameters can be varied very linearly without distorting other
parameters too much

« Machine tune using RF insertion
* Horizontal g* waist in IP
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=PFL  Summary of Findings

= Certain parameters can be varied very linearly without distorting other
parameters too much

« Machine tune using RF insertion
* Horizontal g-waistin IP

= More complex quadratic knobs can be defined to reduce unwanted

changes in other parameters
« Might be harder to implement in real machine

= Knobs for many other parameters much harder to define
« Change other parameters more than the desired parameter
« Vertical f-waist, B* in both planes...
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=PFL  Summary of Findings

Certain parameters can be varied very linearly without distorting other
parameters too much

« Machine tune using RF insertion

* Horizontal g-waistinIP
More complex quadratic knobs can be defined to reduce unwanted changes in
other parameters

« Might be harder to implement in real machine

Knobs for many other parameters much harder to define
« Change other parameters more than the desired parameter
« Vertical f-waist, B* in both planes...

More investigation required
« E.g.Exploit symmetries in doublet:
= Symmetric changes to change fB* at (almost) constant waist
= Anti-symmetric changes to change waist at (almost) constant 5*
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In First Quadrupole
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=PFL  Summary of Findings

Certain parameters can be varied very linearly without distorting other
parameters too much

« Machine tune using RF insertion

* Horizontal g-waistinIP
More complex quadratic knobs can be defined to reduce unwanted changes in
other parameters

« Might be harder to implement in real machine

Knobs for many other parameters much harder to define
« Change other parameters more than the desired parameter
« Vertical f-waist, B* in both planes...

More investigation required
« E.g.Exploit symmetries in doublet:
= Symmetric changes to change fB* at (almost) constant waist
= Anti-symmetric changes to change waist at (almost) constant 5*
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Matching Scripts




=L Motivation

= Work originally motivated by optics distortions after lattice conversion (EPFL
Software Framework), for example due to:

« Different physics in element definitions
« Slicing
* Numerical errors

= Long-term goal is to put optics definitions/constraints into general lattice
definition

 Optics matching after every conversion — either using wrapper in converter or
directly in target code

= First prototyping done in MAD-X using matching in MAD-X
* Immediate applications for current studies

= Corrections for sliced lattices

= Extra optics corrections in “realistic” lattices with errors and global correction (by T.
Charles)



=F7L Method

= Use a small number of local magnets to recover key optics properties
* |Instead of using many magnets to correct optics uniformly throughout
* Focus on properties essential for luminosity, DA etc.
= %, a and dispersion at collision point
= Phase advances to and between crab sextupoles
= Zero dispersion after dispersion suppressor
= Correct phase advance to arc sextupoles
= Phase advance in arc FODO cells
« Speed up matching and make convergence more likely
= Compared to large global matching

= Segment-by-segment style correction
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Implementation in
MADX

= Currently implemented in MADX for a range of uses
Strateqy

1.

a & WD

ldentify groups of magnets and their common purpose

Install markers at the end of identified groups (or use existing ones)
Save optics at markers in “ideal” machine

Perturb lattice (e.g. slicing, conversion)

Match like an insertion starting from one location, adding one group
of magnets at a time



=P7L Example - Perturbed
Quadrupole Strengths

= First artificial test case
« Representative of changes in quadrupole definition

= Apply errors to the strengths of the quadrupoles
e Systematic 1% error
« Random error with 1% standard deviation

= Check

* B-beating reduced to numerical precision
 Original strengths recovered
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Example - Sliced
Lattice

= Slicing required various studies
(e.g. tracking)

= Large number of slices needed
to keep optics close to original

» Especially in the insertion region

« Required to even find a stable
orbit

e Slows down simulations

= By matching one can recover
correct optics even with low
number of slices

« Speed up simulations
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=P7L  Example - Sliced

Lattice
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Optics Matchingin
Lattices with Errors

= Apply additional optics r_natchin%to
globally corrected lattices with errors

* Requested by D. Shatilov
» Corrected lattices provided by T.
Charles

= Scripts changed to correct and save
each quarter separately

= Insertion style correction does not
consider non-zero closed orbit

« Small residual beating when
simulating closed machine

* Closed matching requires individual
powering of machine quarters

= |P 6f)’-beating reduced from ~20% to
~2% percent

* Need to explore how this affects other
parameters
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Next Steps

= Implement matching in sequence converter
« Store constraints and variables in sequence definition
« Match after every conversion either by
= Generating matching scripts in accelerator code
= Performing matching in python, calling accelerator code for twiss

= Improve matching code in MAD-X for users
« Adjust constraints in consultations with users
» Produce (a method that creates) scripts for all lattice versions
» Allow for closed orbit matching and uncouple strengths in symmetric sections

= Improve realism of matching scripts for users

» Understand how precisely different optics properties can be measured in various
locations

« Atrtificially reduce accuracy of matching to reflect realistic scenarios



=PFL  Conclusion

= First exploration towards IR matching knobs started
« Certain knobs are easily defined
 Lots of non-linear behavior identified
* Further investigation needed in order to tackle problem
= Perhaps in a more systematic approach

= Matching scripts written
« |nitially to enable accurate conversion between codes
= Eventually needs to be independent of MAD-X
 Very effective in order to recover optics after slicing
« Can be used to further correct lattices with errors
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=*rL Quad Familles (Right of IP)

Quad Number | Brief Description Purpose Functions
Family of Quads Matched

QCI1,2]R 5 Right doublet (3 and 2 Final Focus B By, Ay, Ay,
sub-magnets)

QT1 1 Single right trim quad Dispersion and phase to first By By, Ux, Hy,

QCI[3-7] 5 Matching quads sextupole | Dy, Dpx
Zero dispersion in matching
section

QY[1-2] 2 Matching quads Phase between first and second s Uy
sextupole

QA[1-6] 6 Dispersion free matching Match IR optics to short arc By By, Ay, Ay,

section Phase to arc sextupoles o i 1o [0

QS[1-3] 3 Dispersion suppressor



=PFL Quad Families (Left of IP)

Quad Number | Brief Description Purpose
Family of Quads

QL[1-4] Dispersion suppressor Suppress dispersion U Uy Dy, Dpy
QBJ[1-6] 6 Dispersion free matching Match IP optics and phase to By By, Gy, Ay,
section arc Hyr Uy
QDJ[1-2] 2 Matching quads Phase between first and second ey Uy
sextupole
QC[3-7]L 5 Matching quads Dispersion and phase to first Bsxr By, Qs Ay,
QT1L 1 Single right trim quad sextupole _ o Ky
Zero dispersion in matching
section
QC[1,2]L 5 Left doublet (3 and 2 Final Focus By By

sub-magnets)



=PFL  Short Arc (Right of IP)

Quad Number | Brief Description Purpose
Family of Quads

QFG2 Periodic focusing quad Short arc s Uy
QDG1 . Periodic de-focusing Phase between quads
quad
QG[1-9] 9 Matching section Match short to main arc B By, Gy, Ay,
Phase to arc sextupoles e (Yo 00 D
QF4 - Periodic focusing quad Main arc Hy, Ky

QD3 - Periodic de-focusing Phase between quads

guad



=P7L Quad Families (RF)

Quad Number | Brief Description Purpose
Family of Quads

QH[2-7] Interleaved with dipoles  Dispersion suppression B By, Gy, Ay,
Uy, Dy, Dpx
QU[1-8] 8 Matching quads Match arc to RF By By, Gy, Ay,
Tune machine i [0 e 1D
QRFR[1-4] 4 Focusing (De-focusing)  Correct optics in RF section Bsr By, tix, Uy
QRDR[1-4] 4 quads between cavities  (right side) (Every 4 quads)
QRFL[1-4] 4 Focusing (De-focusing)  Correct optics in RF section (left B By, Uy, Uy
ORDL[1-4] 4 quads between cavities  side) (Every 4 quads)
QI[2-9,A] 9 Matching quads Match optics and dispersion to By By, Gy, Ay,
arc .ux; .uy; Dx, Dpx
QD1 - Periodic focusing quad Main arc o ly

= QF2 - Periodic de-focusing Phase between quads

A1



