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Introduction

 FCC-ee targets unprecedented luminosities

* Numerous implications on layout, among those are
« Small g resulting large chromaticity generated by final focus quadrupoles
« Top-up injection to increase integrated luminosity
« Large energy spread due to beamstrahlung

« Challenge is to find good chromaticity correction scheme with
sufficient dynamic aperture (DA) and momentum aperture (MA) to avoid excessive
particle loss



Required DA and momentum acceptance

DA and MA requirements stem from:
« Sufficiently large DA for top-up injection
* MAto keep beam lifetime high (7.4 > 20 min at tt)

Septum
* DA requirements from top-up injection estimated in
Apertul
M. Aiba et al., Top-up injection schemes for future circular lepton collider and {150) \ iotion beam from booster
K. Oide, 31st FCC-ee optics design meeting 7

« For on-momentum injection, DA larger than 15 o,
* For off-momentum injection, DA at +1.8 % larger than 5 g,
« Assuming 5 g, stored beam and 5 o, injected beam

*

Injection at ~d

multipole kicker

« MA follows large energy spread due to beamstrahlung and to keep reasonable beam lifetime
* For lower energy modes 84cceptance > 1.5%, Whereas tt requires Sycceptance > 2.5%
(References: . zimmermann et al. IPAC14, MOXAAO1, A. Bogomyakov et al. PRSTAB 17, 041004,

K. Ohmi and F. Zimmermann, IPAC14, THPRIOO4)



https://www.dora.lib4ri.ch/psi/islandora/object/psi%3A29254/datastream/PDF/Aiba-2018-Top-up_injection_schemes_for_future-%28published_version%29.pdf
https://indico.cern.ch/event/544076/contributions/2208346/attachments/1293512/1927647/Optics_Oide_160608.pdf
http://accelconf.web.cern.ch/IPAC2014/papers/moxaa01.pdf
https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.17.041004
http://accelconf.web.cern.ch/IPAC2014/papers/thpri004.pdf

Chromaticity correction schemes

* Two chromaticity correction schemes in FCC-ee

» Local correction of vertical chromaticity in the IR
« Crab sextupoles integrated in the local chromaticity correction scheme (LCCS)

» Sextupoles in arcs to correct ring chromaticity
« Two options studied interleaved scheme and non-interleaved scheme



Local chromaticity correction in IR

* Local Chromaticity scheme based on «.oide, Final focus system with odd-dispersion scheme
and presented in k. oide etal., PRAB 19, 111005 (2016)
« Two sextupoles separated by phase advance of =
* Inner sextupole in dispersive region to correct Q;, from final focus quadrupoles
« Strength of outer sextupole set to cancel geometric contribution, reduced to generate

crab waist
* Phase from IP to first arc sextupole subject to optimization
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https://lib-extopc.kek.jp/preprints/PDF/1992/9227/9227058.pdf
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.111005

Arc sextupoles and constraints

- Set arc sextupoles to correct @y, of the ring to target values
while achieving sufficient DA and MA

* Additional constraint from chromatic optics in IP (Se€ H. sugimoto et al.. IPAC2017, MOPIK076)
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« May be extended to other elements such as collimators

« Correction schemes to follow the arc cell layout
« Currently, FODO lattice is used due larger filling factor thus lower AE;,;1,
other options such as DBA studied in B. Harer, Lattice design and beam optics calculations for the new large-scale

electron-positron collider FCC-ee



https://accelconf.web.cern.ch/ipac2017/papers/mopik076.pdf
https://cds.cern.ch/record/2271820?ln=en

Interleaved and non-interleaved sextupole
schemes

* In the non-interleaved scheme, sextupoles of same family are separated by —I transform
* No sextupoles in-between pair, resulting

in lower number and requiring more strength i, "™ ., Ly
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* In the interleaved scheme, sextupoles at every quadrupole, thus breaking cancelation
» Allows for larger number of sextupoles,
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From B. Harer, Lattice design and beam optics calculations for the new large-
scale electron-positron collider FCC-ee



https://cds.cern.ch/record/2271820?ln=en
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https://cds.cern.ch/record/2271820?ln=en
https://indico.cern.ch/event/558525/

Studies on non-interleaved scheme

» Correction scheme in the baseline lattices is a non-interleaved scheme (see rcc-ee cor and
K. Oide et al., PRAB 19, 111005 (2016))
« Optimization using Downhill Simplex algorithm with the DA/MA area as figure of merit
and all sextupole pairs as independent variables (keeping lattice periodicity)

Operation No. of sextupole pairs

mode 2-IP V18.1 layout (CDR) 4-1P V22.1 layout (FCCFS)
Z (45.6 GeV) 208 75

t£(182.5 GeV) 294 146

« Target DA and MA were achieved or exceeded with this scheme
« (Goals met so far only without errors/corrections included
« Significant loss of DA when errors are included (see €.g. 1. charles and L. van Riesen-Haupt,
135t FCC-ee optics design meeting, K. Oide, FCCIS WP2 Workshop 2021, T. Tydecks, FCC-week 2018),
how much can be restored by reoptimization of sextupoles remains to be studied
* Necessity of large number of independent sextupole pairs to be investigated



https://cds.cern.ch/record/2651299/files/CERN-ACC-2018-0057.pdf
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.111005
https://indico.cern.ch/event/1017226/contributions/4269347/attachments/2211950/3743714/March2021.pdf
https://indico.cern.ch/event/1085318/contributions/4582685/subcontributions/356824/attachments/2354474/4018133/Optics_since_CDR_Oide_211129.pdf
https://indico.cern.ch/event/656491/contributions/2923536/attachments/1630740/2599413/FCCweek_tydecks_DA.pdf
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Further optimization using PSO

» Use of genetic algorithms to optimize DA is established practice in light source community
« Particle swarm optimization (PSO) to improve DA has been studied in the FCC-ee
(see T. Tydecks, 78" FCC-ee Optics Design Meeting, FCC-ee CDR, and example code)
 Initialization of a population of given size, evaluate objective function, and update
individual particle based on global best solution and past best solution of individual
« Shown promising improvements, MA area increased by 18%
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https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.19.044001
https://accelconf.web.cern.ch/ipac2017/papers/wepab005.pdf
http://accelconf.web.cern.ch/ipac2011/papers/tuoab03.pdf
http://accelconf.web.cern.ch/ipac2017/papers/thpab008.pdf
http://accelconf.web.cern.ch/ipac2016/papers/thpmb019.pdf
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.14.094001
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.054601
https://link.springer.com/article/10.1134/S1547477119010060
https://www.bnl.gov/isd/documents/95323.pdf
https://ieeexplore.ieee.org/document/488968
https://indico.cern.ch/event/755337/contributions/3130420/attachments/1711961/2760244/DA_PSO.pdf
https://cds.cern.ch/record/2651299/files/CERN-ACC-2018-0057.pdf#subsubsection.2.4.6
https://gitlab.cern.ch/ttydecks/da-ma-optimisation-using-pso
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Ongoing studies

+ Reference implementation for sextupole tuning only available in SAD

* Currently trying to port it for use with other codes and algorithms (pownnill simplex, PSO, NSGA-II,..)

A first prototype is developed here
« Second to that, flexible definition of sextupole circuits

» First study done for V22.1 tt-lattice, reducing the number of circuits by a factor 2

« Pair two focusing pairs to one circuit, n i “ i

and similar for defocussing
DA using all sextupole knobs DA with reduced number of
circuits

* Further tweaking of Penalty function,
weighting etc. required



https://gitlab.cern.ch/mihofer/fcc-ee-sextupole-studies
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Outlook

« Size and performance requirements make FCC-ee a challenging machine in terms of DA

« Sufficient DA for top-up injection and large MA to keep particle after emission of
beamstrahlung photons
« Secondary constraints from chromatic optics in the IP

» Different chromaticity correction schemes studied in the past
* Non-interleaved correction scheme with LCCS in IRs meets DA requirements
and is used in the baseline lattices

* Open gquestions:
« Maximum achievable DA and MA in presence of errors
* Required number of sextupole knobs and tuning time/complexity in operation



Thanks for your attention!



