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circiiar Conceptual Design & input to ESPPU 19/20

COLLIDER

Particles and Fields

* Vol 1 Physics, Vol 2 FCC-ee, Vol 3 FCC-hh, Vol 4 HE-LHC

* CDRs published in European Physical Journal C
(Vol 1) and ST (Vol 2 — 4) [Springer]

EPJ C79,6(2019) 474 , EPJ ST 228, 2 (2019) 261-623, EPJ ST 228, 4 (2019)
755-1107 , EPJ ST 228, 5(2019) 1109-1382

\Oba d by * EPJis a merger and continuation of Acta Physica Hungarica, Anales de Fisica, Czechoslovak
Journal of Physics, Fizika A, Il Nuovo Cimento, Journal de Physique, Portugaliae

Physica and Zeitschrift fiir Physik. 25 European Physical Societies are represented in EPJ,

including the DPG.

 Summary documents input to EPPSU 2019/20

* FCC-integral, FCC-ee, FCC-hh, HE-LHC, at http://fcc-
cdr.web.cern.ch/



https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://link.springer.com/article/10.1140/epjst/e2019-900087-0
https://link.springer.com/article/10.1140/epjst/e2019-900088-6
http://fcc-cdr.web.cern.ch/

ESPP Update 2020 “High-priority future initiatives”

- An electron-positron Higgs factory is the highest-priority next collider.
For the longer term, the European particle physics community has the ambition
to operate a proton-proton collider at the highest achievable energy.

“Europe, together with its international partners, should investigate the
technical and financial feasibility of a future hadron collider at CERN with
a centre-of-mass energy of at least 100 TeV and with an electron-positron
Higgs and electroweak factory as a possible first stage.

Such a feasibility study of the colliders and related infrastructure should be

established as a global endeavour and be completed on the timescale of the
next Strategy update..”

- launch of Future Circular Collider Feasibility Study in summer 2021

Welcome & Overview
Frank Zimmermann
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FUTURE The FCC Integrated program

CIRCULAR

COLLIBER “Inspired by successful LEP — LHC programs at CERN

Comprehensive long-term program, maximizing physics opportunities

« Stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & and top factory at highest luminosities
« Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options

« Complementary physics

« Common civil engineering and technical infrastructures

« Building on and reusing CERN'’s existing infrastructure

« FCC integrated project allows seamless continuation of HEP after HL-LHC

A (IP) mmm |_DS

mmm L sep

= | arc

Exp
Inj. + Exp Inj + Exp.

FCC-hh/
134m 106m g oo

03m '

8~/ s

1 4 km e
s Schematic of an
g 80-100 km

J (RF) pwp J || Bcoll  «— ogkm —» extraction} s long tunnel
1 4 km
0- coII
N

FCC-ee FCC-hh

Welcome & Overview
CERN :
\ Frank Zimmermann
S FCCIS WP2 Workshop, 29 November 2021



O cikcuiar  FCC-ee figures of merit — cost & sustainability

COLLIDER
Luminosity vs. capital cost Luminosity vs. electricity consumption
1,000
« for the H running, with 5 ab-taccumulated -@- FCC-ee (2 collision points)
over 3 years and 10° H produced, the total *; 100 8- CLIC
investment cost (~10 BCHF) correspondsto = 2 :\hip-mc
- 10 kCHF per produced Higgs boson 0:,“’ 107 o
. . B qdoo oS0 MNIEE i N
+ for the Z running with 150 ab-*accumulated & . .
over 4 years and 5x10'? Z produced, the = 014
total investment cost corresponds to cf Due to twin-aperture magnets,
- 10 kCHF per 5x10°Z bosons ~ 0.01- thin-film SRF, efficient RF power
sources, top-up injection
This is the number of Z bosons collected by each  0.001 . r

experiment during the entire LEP programme ! 001 o Vs (TeV) 1 0

Capital cost per luminosity dramatically Highest lumi/power of all proposals

decreased compared with LEP ! Electricity cost ~200 CHF per Higgs boson

Frank Zimmermann

ey WRIEBS & EREREH M. Benedikt, A. Blondel, P. Janot, et al., Nature Physics 16, 402-407 (2020), and European
SZX ECCIS WP2 Workshop, 2 November 2021 Strategy for Particle Physics Preparatory Group, Physics Briefing Book (CERN, 2019)



FUTURE
CIRCULAR

COLLIDER

Timeline of the FCC integrated programme

" R KN 7 R KD

FCC-ge,

Feasiity Sudy | ESPP |

~ 15 years operation

Geological investigations, infrastructure
detailed design and tendering preparation

Tunnel, site and technical
infrastructure construction

FCC-ee accelerator and detector R&D and technical

design

Superconducting magnets R&D

FCC-ee accelerator and detector
construction, installation, commissioning

Long model magnets,

prototypes, pre-series

Technical
schedule

10 years

[ recin
~ 25 years operation

FCC-ee dismantling, CE
& infrastructure
adaptations FCC-hh

High-field magnet
industrialization and
series production

FCC-hh accelerator and detector
construction, installation, commissioning

Vs L/IP (cm2s) | Int. L/IP(ab') | Comments FCC-hh accelerator
ete" ~90GeV  Z | 230x10% 75 2-4 experiments and detector R&D
FCC-ee 160 ww 28 5 and technical design
240 H 8.5 25 Total ~ 15 years of
~365 top 1.5 0.8 operation
L pp 100 TeV 5 x10% 2+2 experiments
FCC-hh 30 20-30 Total ~ 25 years of
operation
PbPb Vsnn = 39TeV 3 x 102 100 nb'/run | 1 run =1 month
FCC-hh o operation
ep 3.5TeV 1.510% 2 ab" 60 GeV e- from ERL
Fcc-eh Concurrent operation
with pp for ~ 20 years
e-Pb \Vsen=2.2TeV | 0.510% 1 fb-1 60 GeV e- from ERL
Fcc-eh Concurrent operation
o with PbPb_

O Feasibility Study: 2021-2025

O If project approved before end of
decade - construction can start
beginning 2030s

0 FCC-ee operation ~2045-2060

QO FCC-hh operation 2070-2090++

F. Gianotti



O CIRCULAR Feasibility Study Timeline

COLLIDER

2021 2022 2023 2024 2025
Q] Q2 | Q3 | Q4 | QI Q2 | Q3 Q4 | QI Q2 | Q3 | Q4 | QI Q2 | Q3 | Q4 | QI Q2 | Q3 | Q4

CDR baseline design adaptations for
g new implementation scenario
Status reports & | | |
study planning , FCC Week & Review : implementation,
%> baseline design,lorgar}isatio?, con?munic':a’rion|

high-risk areas site investigations, environmental evaluafion
& |mpoc’r s’rudy with hos’r s’ro’res

FCCW & mld term review:
% general coherency, CDR cost update

[ detailed design towards CDR }
I I I
FCC Week & Review: key g >
technology R&D programs FS Report ]
‘ ‘ ‘ ‘ ‘ Rellease F‘SR [-En]
Project cost update

Welcome & Overview
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FUTURE

cireuLar  FCC Feasibility Study - organisational structure

* New structure very similar to the % ¢ :
first phase of the FCC Study 2 !
(2014-2020), leading to the g : |
Conceptual Design Report as ‘ ‘
input to the ESPPU. S ! y

S Collaboration Steering Scientific Advisory |
1 @ 3 Board Committee Committee !
a | '
§ i International International International
) Collaboration Steering Advisory
8! Committee Committee 5 E
% B :' Coordination ‘:
1 e § ! Group !
g 8 | l
2| (6] ! 1
&\ > ! 1
' Ll 1 1
: Work Work Work Work :
» Classical structure common to W Package s . Packe B

CERN projects.
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FUTURE

LRk FCC Collaboration Board

FCC Collaboration Board meetings on 14 September & 12 October 2021

- Prof. Philippe CHOMAZ from CEA.IRFU (France) has been elected as CB Chair
for entire Feasibility Study period (end 2025)

CB Executive Committee (CBEC) with 2 vice chairs:

- Dr. Manuela BOSCOLO from INFN-LNF (Italy) and
- Prof. Andrew LANKFORD from UC Irvine (USA) have been elected as CB vice chairs

Next step: CB appointment of five Steering Committee Members

By 16" November 2021 out of the 147 former FCC collaboration members:
- 119 have confirmed their interest to continue in the FCC FS, 28 have not yet replied

The new Memorandum of Understanding for the FCC Feasibility Study is available at:
https://twiki.cern.ch/twiki/bin/view/FCC/FCCMoU

Welcome & Overview
Frank Zimmermann
FCCIS WP2 Workshop, 29 November 2021



https://twiki.cern.ch/twiki/bin/view/FCC/FCCMoU

FCC Status of Global FCC Collaboratlon
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(O Fce

EU Projects
NN

Collaboration building
Emmanuel Tsesmelis

Communications
Panagiotis Charitos, James Gillies

Study Support and Coordination
Study Leader: Michael Benedikt

Deputy Study Leader: Frank Zimmermann

FCC Feasibility Study — coordination team and contact persons

Study Support Unit
IT: Sylvain Girod
Procurement: Adam Horridge
Quality control: NN
Resources: Sylvie Prodon

Scheduling, quality mangement: NN

Secretariat: Julie Hadre

Physics, Experiments and Accelerators

Technical Infrastructures

Host State processes and civil

Organisation and financing

Detectors . engineerin models

Patrick Janot Tor Ragbenhelmer s P . 9 9 -

Gavin Salam Frank Zimmermann Timothy Watson ) Paul Collier (interim)
Physics programme FCC-ee collider design Integration Administrative processes

Matthew McCullough, Frank Simon Katsunobu Oide

Detector concept FCC-hh design
Mogens Dam Massimo Giovannozzi
Physics performance Technology R&D
Patrizia Azzi, Emmanuel Perez Roberto Losito
Software and computing FCC-ee booster design

Gerardo Ganis, Clément Helsens Antoine Chancé

FCC-ee injector

Paolo Craievich, Alexej Grudiev

FCC-ee energy calibration polarization
Alain Blondel, Jorg Wenninger

FCC-ee MDI

Manuela Boscolo, Mike Sullivan

Jean-Pierre Corso

Geodesy & survey
Héléne Mainaud Durand

Electricity and energy management
Jean-Paul Burnet

Cooling and ventilation
Guillermo Peon

Cryogenics systems
Laurent Delprat

Computing and controls infrastructure,
communication and network

Dirk Duellmann

Safety
Thomas Otto
Operation, maintenance, availability,
reliability
Jesper Nielsen

Transport, installation concepts
Cristiana Colloca

Friedemann Eder

Placement studies
Johannes Gutleber, Volker Mertens

Environmental evaluation
Johannes Gutleber

Tunnel, subsurface design
John Osborne

Surface sites layout, access and
building design

Project organisation model

Financing model
Florian Sonnemann

Procurement strategy and rules

In-kind contributions

Operation model
Paul Collier, Jorg Wenninger



J. Gutleber, V. Mertens
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J. Gutleber, V. Mertens

Placem ents studies
ﬂ ¥ ' / | el . & VST S ~GE puBIiE:"JbIgL@_ngrjev'tj] I
M 3 ’{ASPS_BA‘} AN .a@) 2L ot i = > 3"':GE publrc plot in Pallanterie e
Targ et areaS iC AR NE X G}",’,ﬁ,’“s"i‘;me 70— o / 2 GE publ blic plot m'ﬁﬁ'es'iﬁge
a#/>CERN S A AL B A s 4957 - W

o B B0 ) oz crogeded < 42K /F P Selected plots south oI%

Wéﬁéﬂ?}x erea south}f“ 1_35'84
;" Permit north of D884, east of

Meyrrn srte -

RSl 3 [ Cranves Salves

éwater bearing Iayer zone. } S —lchent sourg AN ' ' : iy

oY, N HLIR, IS maneijr e\ r ’ Selected IOIots south of

Permlt entering swiss territor 34’ S5 1y BNl JepypCailard 78 o BN Y ; DR, sl Bonne’
crtad hy any el - A em ‘ AN f e

| conntected by access tunneI , TRl s ~pian ARG o S
: T / .’1’{ I , 4 PN _. s ¥ Trnex < & / 7 = ' mweSt Of A4O at Arve
p - Jjulien=en Genevors ba : A ’ l m
| mrll Y lots in Contamlnefv‘
7z Between A41, ‘qiy , AR \sur Arve%
) North & south o

%rarlroad and LA410 at selected

%:'Places to bejff,’fi NP

< analysedt, | BN
l ; [ P

R\ Chatilion-en:
%l Mn(harlle Werat de Ja (_oun:e l 4' -

,1621 " Ll
Vulbens south of \ Water 2]

Protection zone until A4oe
IR ,

- Dingy north h up to A40
except water rotectron 2

Y ,
Some pIots in Arenthon

T ANET RN . e

\. North of Roche-s.-Foron, -

|ndustr|al area and Etaux"’=w
L - DUIIICW e %. X

B 3
3 Crélau N %Z()n - =
P L€ f Roche -S.- Foron rallroard
" ;_ M|n2|er area outsrde 7R f?« 4 7/
|~ forests, which aret, i /;>

One 3 ha unprotected Iocatlon

NN .. = ot n g 7w NI T gat D2 in Filliere vaIIe 4137*
¥ s NOI"[h eaSt Ofé X5 > ="\ N : =3 P i e -- ; Sl =4 Mo}ntao. e de Sou}Dme "fﬂ e pay B;,,,d,e _‘.

North of Ollreres few seIected

Iocatrons” ]v



FUTURE

CIRCULAR Plans for hlgh -risk area site investigations

COLLIDER

JURA, VUACHE (3 AREAS)
104 i/ Top of limestone
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Gerd ' | Water pressure
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Site investigations planned for mid 2023 — mid 2025:
~40-50 drillings, 100 km of seismic lines

S
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COLLIDER

O cimcutar  FCC-ee basic design choices - CDR

Double ring e+ e- collider A (IP)

Common footprint with FCC-hh,
except around IPs

30 mrad

FCC-hh/
134m 106m g cior

0.3m

Asymmetric IR layout and optics to limit
synchrotron radiation towards the detector

2 IPs, large horizontal crossing angle 30 mrad,
crab-waist collision optics J (RF)
(alternative layouts with 4 IPs under study now)

D (RF)

Synchrotron radiation power 50 MW/beam
at all beam energies

Top-up injection scheme for high luminosity
Requires booster synchrotron in collider tunnel

Welcome & Overview
CERN :
\ Frank Zimmermann
S FCCIS WP2 Workshop, 29 November 2021



FUTURE _ )
@ circuLAr new “lowest risk” placement/optics allows 4 exp’s

PA (Experiment site)

C=91 km _ SRETRIE] e > Azimith =102 J. Gutleber
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FUTURE -
O cireuLar  FCC-ee collider parameters (stage 1)
Parameter [4 IPs, 91.2 km circumference] Z WWwW H (ZH) tthar
beam energy [GeV] 45 80 120 182.5
beam current [mA] 1400 135 26.7 5.0
no. bunches/beam 8800 1120 336 42
bunch intensity [10] 2.76 2.29 1.51 2.26
SR energy loss / turn [GeV] 0.0391 0.37 -th 4 |PS 10.0
total RF voltage 400/800 MHz [GV] 0.120/0 ut & \N <.48/0 4.0/7.67
long. damping time [turns] \N |ay0 216 64.5 18.5
horizontal beta* [m] _ for ne 0.2 0.3 1
vertical beta* [mm] |nary 0.8 1 1 1.6
horiz. geometric prehm 0.71 0.28 0.64 1.49
vert. geom. emittd cc [pm] 1.42 4.34 1.29 2.98
bunch length with SR/ BS [mm] 4.32/15.2 3.55/7.02 2.514.45 1.67/2.54
luminosity per IP [1034 cm2s1] 181 17.3 7.2 1.25
beam lifetime rad Bhabha /BS [min] 19/ - 20/ - 10/19 12 / 46




O TR FCC-ee design concept

COLLIDER  hased on lessons and techniques from past colliders (last 40 years)

 SUPERKEKB__—p» * FCC-Z B-factories: KEKB & PEP-II:
FCC-W . .
LG5 BINP c-tau ¢ BINP c-tau * e double-ring lepton colliders,
HIEPA c-tau®  (ekR ¢ :
A o FCCt high beam currents,
—~ top-up injection
L1062
3 DAFNE cEsR DAFNE: crab waist, double ring
) o]
Y VEPP2000 S-KEKB: low 3, *, crab waist
: VEPP-3M - s VEI;P-4M. PETRA
3 SPEAR? LEP: high energy, SR effects
ADONE . o . .
107 - D-CT . VEPP-4M, LEP: precision E calibration
ADONE o o KEKB: e* source

: - o | Marlca Blagln‘l

1070 1 1 10 100 1000
c.m. Energy (GeV)

HERA, LEP, RHIC: spin gymnastics

combining successful ingredients of several recent colliders - highest luminosities & energies

Welcome & Overview
CERN :
\ Frank Zimmermann
S FCCIS WP2 Workshop, 29 November 2021




FUTURE . . ]
( Voreuar new: FCC-ee asymmetric crab-waist IR optics

W T T T 1 T 1 1 1 1 3 Novelasymmetric IR optics to
L? 38: (a) (b) F suppress synchrotron radiation
2 60 \ / /Lh 3 toward the IP, E_;;ico <100 keV from
> 50E- \ S
10 / \ / Wt =\ i 450 m from IP (e) — lesson from LEP
X 305 S \a\WN WMV R =LA
fg% / t a\l """" - (j;\ﬂ‘f/\\ el 4 sextupoles (a — d) for local
A s s P --~-—+ 1—~--‘- R B A e vertical chromaticity correction
igg%: —x| ] combined with crab waist,
g 3002— m— — optimized for each working point —
1388;/\ /\/\/\/\/\A/V\/\/E novel “virtual crab waist”, standard
:,c 1082_ _ crab waist demonstrated at DAFNE
= o00f W s
3 A R B

-300; 1 1 | 1 1 1 I 1 1 1 I Il 1 1 I

MR B NI R
-800 -600 -400 -200 0 200 400 600 800 m

T : lll T T

1 (e) yellow boxes:
H. Burkhardt, K. Oide, et al. dipole magnets

K. Oide et al., Design of beam optics for
[ the future circular collider e*e collider
rings, Phys. Rev. Accel. Beams 19,
111005 (2016).




O circitar  new: “bootstrapping” & top-up injection

COLLIDER
Injection from zero, alternating alternating replenishment of the two
between beams to avoid beam- colliding beams, keeping beam currents
beam ﬂlp flop effect stable within a few per cent

011/0'10 1.06 -

vo | O /0y //"'"*<4\ ~—]
1.6 F 4
1.4 !

1.2

[N, = 4010‘;N = 4.0-10% § N, 50101;N 5.0-101 N = 6.0-10°

1.04 -
Bl <lectron
[ positron

1.02
" Ny=40 100 { N,=4510 { N,=4.510" | N, =5.5-10" _N:‘ 5.5-10"° |
A i . ; . ; . ; ;

Charge Accumulation in the Collider

0.96

84 /80
&a 60 0.84

1100 1200 1300 1400 1500 1600 1700
. time of operation in seconds
D. Shatilov ' i S. Ogur

(X Frank Zimmermann - average luminosity ~ peak luminosity

FCCIS WP2 Workshop, 29 November 2021
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KekB

—_—)

Design: double ring e*e” collider as B-factory at 7(e”) & 4(e*) GeV; design luminosity ~8 x 1035 cm2s1; By* ~ 0.3 mm;
nano-beam — large crossing angle collision scheme (crab waist w/o sextupoles); beam lifetime ~5 minutes; top-up injection;

e* rate up to ~ 2.5 10'2 /s ; under commissioning

Y. Funakoshi, Y. Ohnishi, K. Oide

Welcome & Overview
CERN :
\ Frank Zimmermann
S FCCIS WP2 Workshop, 29 November 2021
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‘B_k,* = 0.8 mm achieved in both rings — using the
FCC-ee-style “virtual” crab-waist collision scheme

new world record L = 3.12 x 1034 cm3s1 on 22 June ‘21




FCC Status and Outlook

Following the European Strategy Update, the organization structure and
major milestones and deliverables for the FCC Feasibility Study were
approved by the CERN Council in June 2021.

Main activities concern the development and confirmation of a concrete
Implementation scenario in collaboration with host state authorities,
accompanied by machine optimization, physics studies and technology
R&D, performed via global collaboration and supported by the EC H2020
Design Study FCCIS, with the goal to demonstrate feasibility by 2025/26.

Long term goal: world-leading HEP infrastructure for 215t century to push
the particle-physics precision and energy frontiers far beyond present limits.

Welcome & Overview
CERN :
\ Frank Zimmermann
S FCCIS WP2 Workshop, 29 November 2021



FUTURE
CIRCULAR
COLLIDER
Innovation Study

H2020 DS FCC Innovation Study 2020-24

ULIV, United Kingdom

J Springer, The Netherlands
e DESY, Germany
.. ; IFJPAN, Poland
Beneficiaries
KIT, Germany
CEA, France l

° TMFS, Austria
¢ MUL, Austria

CERN

Cerema,

CETU, France o CSIL, Italy

LD, Switzerland

INFN, Italy
CNRS, France l

USC, Spain

Grant Agreement FCCIS 951754

Duration 48 months
From-to 2 Nov 2020 — 1 Nov 2024
Project cost 7 435 865 €
EU contribution 2999 850 €
Beneficiaries 16
Partners 6
Partners BINP

DOE Russian Federation

United States of America
UOXF Writelatex DBA Overleaf
United Kingdom United Kingdom

D.R.R.T7—** Etat de Genéve
France Switzerland

Welcome & Overview
Frank Zimmermann
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FUTURE
CIRCULAR
COLLIDER
Innovation Study

FCCIS Work Packages

WP1: study management (CERN)

WP2: collider design (DESY)

Deliver a performance optimised
machine design, integrated with
the territorial requirements and
constraints, considering cost,
long-term sustainability,
operational efficiency and design
for socio-economic impact
generation.

WP3: inteqgrate Europe (CERN)

Develop a feasible project scenario compatible
with local — territorial constraints while
guaranteeing the required physic performance.

WP4: impact & sustainability (CSIL)

Develop the financial roadmap of the
Infrastructure project, including the analysis of
Socio-economic impacts.

WP5: leverage & engage (IFJ PAN)

Engage stakeholders in the preparation of a new
research infrastructure. Communicate the project
rationale, objectives and progress. Create lasting
Impact by building theoretical and experimental
physics communities, creating awareness of the
technical feasibility and financial sustainability,
forging a project preparation plan with the host
states (France, Switzerland).

Welcome & Overview
Frank Zimmermann

FCCIS WP2 Workshop, 29 November 2021



FUTURE

iy FCC Physics Workshop 7-11 February 22

Innovation Study

Liverpool, UK

PHYSICS -,.| '3_ - ’ e < 7Tung Aum ',; - =9 ;;er:k)uilding
WOR KSHOP o (LS "’» Plenary sessions on Monday and Friday 2'591?%*—”~U,e_ -l R e A g

' "‘“‘i‘ . number of in-person
" s 4 participants limited to ~160
b (first come -- first served)
E \ % - registration fee: 300£

- I 7|
—————
T ) T B e T e

FuTUR ) % .- ey [ [ | ]
== Afternoon Excursion

o -
-~ - -
----------

S Around Liverpool
City Centre
) Frank Zimmermann

> FCCIS WP2 Workshop, 29 November 2021




FUTURE FUTURE
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COLLIDER

Innovation Study

—— In Paris 30 May to 3 June 2022

We are looking forward

to seeing you there !

Welcome & Overview

Frank Zimmermann
FCCIS WP2 Workshop, 29 November 2021




@ WP2 hiring status

DESY —

* doctoral student Elaf Musa (optics correction) started at DESY in June 2021

* postdoc: Ali Rajabi (impedance) started at DESY in August 2021

* doctoral student position (MDI), goal: recruitment by winter 2021/22?

CEA -

* PhD student for the booster (Hervé de Grandsaignes) started from March 2021
INFN —

» postdoc mechanical engineer Francesco Fransesini (LNF) started in 4 May 2021; possible first visit to CERN
unclear due to pandemic

* postdoc position for impedance & collective effects (Sapienza); candidate could start January 2022
* possibly 2" postdoc at INFN-LNF ?

KIT -

* doctoral student Michael Reissig (beam diagnostics) joined the team from March 2021

LAPP Annecy

e postdoc Eva Montbarbon

« 2" postdoc mech engineer starts on 1 December 2021

U Oxford —

* CERN doctoral student with Oxford U (IP feedback); candidate might be found in 2022

The Future Circular Collider Innovation Study (FCCIS) receives funding from the European Union’s Horizon 2020 research and innovation programme under grant No 951754.
The information herein only reflects the views of its authors and the European Commission is not responsible for any use that may be made of the information.




C gacien WP2 formal accomplishments

« WP2 milestones and deliverables in 2021

M2.1 MS4 Milestone Product Break- down Structure 01/07/2021
Delivered ! Ghislain Roy
Product Breakdown Structure |
Zenodo
D2.1 D4 Deliverable Collider performance, beam optics and 01/11/2021
design considerations baseline
Delivered !
Collider performance, beam optics
and design considerations
baseline | Zenodo

The Future Circular Collider Innovation Study (FCCIS) receives funding from the European Union’s Horizon 2020 research and innovation programme under grant No 951754.
The information herein only reflects the views of its authors and the European Commission is not responsible for any use that may be made of the information.



https://zenodo.org/record/5052452#.YTITQ_fis2w
https://zenodo.org/record/5643134#.YaPWt8fMI2w
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sessssssssEnannnnnnd

FCCIS-P1-WP2-D2.1

FUTURE FOCIS-P1-WP2-MS4 FUTURE < s <
CIRCULAR . _— . ) o CIRCULAR COLLIDER PERFORMANCE, BEAM OPTICS ) »
O Coliiper ~ PROPUCT BREAKDOWNSTRUCTURE Date: 300672021 ( COLLIDER  AND DESIGN CONSIDERATIONS BASELINE  Date: Eror Nota vaid bookmark
Grant Agreement No: 951754 Grant Agreement No: 951754
Future Circular Collider Innovation Study Future Circular Collider Innovation Study
Horizon 2020 Research and Innovation Framewaork Programme, Research and Innovation Action Horizon 2020 Research and Innovation Framework Programme, Research and Innovation Action

MILESTONE REPORT DELIVERABLE REPORT

PRODUCT BREAKDOWN STRUCTURE COLLIDER PERFORMANCE, BEAM OPTICS
AND DESIGN CONSIDERATIONS BASELINE

Document identifier: FCCIS-P1-WP2-MS4
: 3 8 202
Due date End of Month 8 (July 2021) Document identifier: FCCIS-P1-WP2-D2.1
Date: 30062021 Due date: End of Month n (November 2021 Year)
Work package/unit: WP2 Collider Design i
Report release date: Error! Not a valid bookmark self-reference.
Organisation: CERN ’ ;
Work package: WP2 Collider Design
Version: V1.0 -
Lead beneficiary: CERN
Status: RELEASED
Document status: IN WORK
Domain: Aceelerators Domain: Accelerators
Keywords: Collider Elements Structure Keywords:
Abstract: o —

The Product Breakdown Structure (PBS) of the Future Circular Collider (FCC) is presented. The first instance
of the PBS is described in its current format, and the plans to further develop the PBS in the coming months
and years are outlined.

We report a preliminary FCC-ee baseline layout for optimised placement, comment on the
associated beam optics and the expected performance, and highlight some of the issues that
remain to be addressed.

Structured document of collider elements in tabular form publicly released on Zenodo (Green, open data).

Grant Agreement 951754 PUBLIC 1/9

Grant agreement 951754 PUBLIC 1/7
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https://indico.cern.ch/event/1085318/

FCC Accelerators and Beam Physics Day, 2 December 2021

https://indico.cern.ch/event/1090005/ (max. 41 live persons)

Agenda

1. FCC Accelerator Pillar - Plan and milestones, Tor Raubenheimer

. ee Collider Design - Open points and where help is needed, Katsunobu QOide

. Booster Design - Open points and where help is needed, Antoine Chance

. Collective Effects - Open points and where help is needed, Mauro Migliorati

. FCC-hh design - Open points and where help is needed, Massimo Giovannozzi

. Collimation for ee and hh - Open points & where help is needed, Andrey Abramov
. MDI - Open points and where help is needed, Manuela Boscolo

. Pre-injector complex - Open points and where help is needed, Paolo Craievich

O 00 N OO 1 B W N

. Energy calibration - Open points and where help is needed, Alain Blondel
10. Code development - Tatiana Pieloni

11. Other open points, Frank Zimmermann

12. FCC FS - Motivations, goals, timeline, org., collaborations, Michael Benedikt


https://indico.cern.ch/event/1090005/

FCCIS WP2 workshop program —week 1

Monday 29 Nov 2021 Overview, Parameters, Optics and correction Chairs: Angeles Faus-Golfe, Michael
Hofer, Frank Zimmermann

9h00-9h25 Welcome, Overview, and FCC-ee Parameter Frank Zimmermann
Choices
9h25-9h30 Workshop information and logistics Michael Hofer
9h30-10h00 Parameter optimisation at different working point Dmitry Shatilov
10h15-10h45 Status of the FCC-ee optics and next step Katsunobu Oide
10h45-11h15 Optics correction Tessa Charles
ladarola
9h00-9h20 Optics repository Ghislain Roy
9h20-9h40 MAD-X/PTC development and plans Riccardo De Maria
9h40-10h00 Code comparison and lattice models Leon van Riesen-Haupt
10h15-10h45 FCC-ee software framework Felix Carlier

10h45-11h15 XSuite Gianni ladarola


https://indico.cern.ch/event/1085318/timetable/#2-optics-and-correction

Wed 1 Dec 2021

9h00-9h30
9h30-10h00
10h15-10h45
10h45-11h15

Collimation, Beam-Beam Chair: Xavier Buffat

Layout and optics for a collimation insertion
Status of collimation simulations for the FCC-ee
Beam-beam

Beam-beam studies using Lifetrack

Thu 2 Dec 2021 FCC-ee Accelerators and Beam Physics Day

Michael Hofer
Andrey Abramov
Peter Kicsiny
Dmitry Shatilov
Chairs: Edda Gschwendtner,

Yannis Papaphilippou

Friday3Dec2021 (MDI | Chair: Manuela Boscolo

9h00-9h20
9h20-9h40
9h40-10h00
10h15-10h35
10h35-10h55

10h55-11h15
11h15-11h35
13h30-14h00
14h00-14h30

MDI status and plans
Mechanical Model

CAD integration

Alignment system in the IR/MDI

Vibration tolerance for IP and arc magnets, feedback
performance criteria

MAD-X simulations of vibration in the MDI
Strategy for Vibration suppression:mechanics & control aspects
Low angle radiative Bhaba monitor

CCT magnet design (followed by CCT Q1 magnet tour)

Manuela Boscolo
Francesco Fransesini
Luigi Pellegrino
Leonard Watrelot
Katsunobu Oide

Eva Montbarbon
Laurent Brunetti

Alain Blondel

Mike Koratzinos


https://indico.cern.ch/event/1090005/

FCCIS WP2 workshop program — week 2

9h00-9h30 Beam stabilisation and optics correction for PETRA IV  Ilya Agapov
9h30-10h00 Optics corrections & experience at ESRF-EBS Simone Liuzzo
10h15-10h45 Optics Measurements at SuperKEKB Jacqueline Keintzel
10h15-10h45 LHC Optics Corrections Tobias Persson

Afternoon: SC tours (2 pm and 4 pm)

Tuesday 7 Dec 2021 Optics Booster, injection Chair: Masamitsu Aiba, Michael
Hofer

9h00-9h30 Pre-Booster Ozgur Etisken

9h30-10h00 High-Energy Booster Antoine Chance, Barbara Dalena,
Herve De Grandsaignes

10h15-10h45 Injection and Extraction in the collider Rebecca Louise Ramjiawan

10h15-10h45 Tracking studies in the collider ring Patrick Hunchak

10h45-11h05 Design studies for the FCC-ee beam dump Alexander Krainer



FCCIS WP2 workshop program — week 2 cont’d

Wed 8 Dec 2021 Collective effects Chair: Mauro Migliorati

9h00-9h30 Impedance models and single-beam instabilities- Mauro Migliorati
Overview
9h30-10h00 Impedance model & TMCI threshold Emanuela Carideo
10h30-11h00 Impedance of bellows and flanges Chiara Antunono
11h00-11h30 Modelling of the FCC resistive wall impedance Ali Rajabi
15h00-15h30 Electron cloud in the arcs Fatih Yaman
15h30-16h00 Electron cloud in the arc quadrupoles Damian Ayim
9h00-9h30 FCC-ee vacuum system & pressure forecast Roberto Kersevan
9h30-10h00 Energy deposition & radiation levels in the arcs Barbara Humann
10h15-10h45 Polarisation and precision energy calibration, Alain Blondel

overview and plans

Fri 10 Dec 2021 Chair llya Agapov

9h00-11h00 Summaryv and close out llva AgapoVv. Frank Zimmermann
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