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FCC Week 2021: Summary of Accelerator Sessions

24 talks FCC-ee & FCCIS WP2, 10 talks FCC-ee other,
3 talks FCC-hh, 3 talks FCC-eh — 40 talks In total !

llya Agapov, DESY

Frank Zimmermann, CERN

Friday, 2 July 2021
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Overview

Version: 0.14 Date: 17.06.2021 FCC Week 2021 Programme
Day Monday 28 June Tuesday 29 June Wednesday 30 June Thursday 1 July Friday 2 July Day
Time Plenary Parallel 1 Parallel 2 Parallel 1 Parallel 2 Parallel 3 Parallel 1 Parallel 2 Plenary Time
08:30-09:00 08:30-09:00
02:00-09:30 09:00-08:30
FCCIS WP3
. Technology SRF FCC-hh FCC-ee IR and Technical )
09:30-10:00 Opening (Integrate Summaries 09:30-10:00
R&D Technologiesll| accelerator MDI Infrastructures
Europe)
10:00-10:30 10:00-10:30
10:30-11:00 10:30-11:00
11-00-11:30 FCC-ee FCC-c 11:00-11:30
e parameters, FCCIS WP4 FCC-ee Software and . i
FCC feasibility X i impedance & Technical )
11:30-12:00 layout, (Impact & electron cloud Physics EASITrain . Summaries 11:30-12:00
phase X : X - o collective Infrastructures
overview, with JSustainability)fj & vacuum Highlights i
12:00-12:30 e I 12:00-12:30
12:30-13:00 12:30-13:00
13:00-13:30 13:00-13:30
SRF: Direction SRF
13:30-14:00 . 13:30-14:00
for R&D Technologies
14:00-14:30 _ Collaborative e th 14:00-14:30
sics -ee other
Ll Writing & Civil e
14:30-15-00 Experiments & = ) i applications & 14:30-15:00
Publishing Engineering
Detectors | upgrades
15:00-15:30 tools 15:00-15:30
15:30-16:00 15:30-16:00
16-00-16:30 FCC-ee optics, Fcols 16:00-16:30
Physics, correction, beam Physics .. .. Detectors
i FCC-ee injector fcommunicatio Technology
16:30-17:00 Experiments & stay-clear, Performance I & R&D 16:30-17:00
. complex n
Detectors dynamic aperture, | | highlights -
17:00-17:30 collimation engagement 17:00-17:30




FUTURE

T Parameters, Layout

Tuesday from 11h00 — FCC-ee & FCCIS WP2: Parameters, Layout,
Overview, with Booster — Eugene Levichev, BINP

Parameters — Update and Plan D. Shatilov, BINP

Optics and Layout — Update and plan K. Oide, KEK & CERN

Experience at SuperKEKB J. Keintzel, TU Vienna
& CERN

Top up injection M. Aiba, PSI
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impedance effect & beam-beam
— reduced region in tune diagram at Z,
Q, to be controlled to 103 level

— larger momentum compaction, 45 deg optics (in addt’n to 60 and 90 deg)

600 or 650 MHz RF at the Z ? 3" harmonic cavities to control no of bunches ?

transient beam loading : new effect, tighter tolerances for b-b flip-flop & top up

LPA collision + beamstrahlung

4 IPs and realistic optics
with errors, corrections &
related tolerances

P, dZ [mm] o, [mm] o5 [1079]

\x/’ /K\I\\ 0 12712 1.3/1.3
5 11.3/12.4 1.24/1.33

\\// Z 10 8.7/145 0.97/1.55

= Geometrical loss of luminosity (small).
= Amplification of synchro-betatron resonances.

= Asymmetry in the energy loss due to BS — asymmetry in the bunch lengths and energy spreads. This can lead
to a 3D flip-flop.
For dZ = 5 mm, requirements for the permissible asymmetry of the bunch currents are tightened from +5% to =+ 3%.
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Optics & Layout — Update and Plan

o

Katsunobu Oide
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SuperKEKB: state of the art

acqueline Keintzel
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B,” = 0.8 mm achieved in both rings — using the
FCC-ee-style “virtual” crab-waist collision scheme

new world record luminosity 3.12x103* cms achieved
last week (22 June 2021);
beam currents still much below design value

 LER: 80/1 mm with 80% CW
* HER: 60/1 mm with 40% CW
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Conventional & MK injection

Injection orbit

Septum

Conventional injection:
Septum + Kicker bump

Ring lattice

Injection orbit

Multipole kicker injection: ‘ ‘
Septum + Multipole kicker ' '

Ring lattice

Septum

1-mm septum ?

— Ala ALS septum (1.5 mm): Eddy-current septum with short pulse might be a choice if the pulse length can
be compatible with filling scheme; Skin depth of copper ~0.2 mm at 100 kHz (10 us pulse)

— Low field Lambertson septum seems attractive choice

| Septum thickness = 1

| ‘ ; i Symmetrised/linearlised leak field:
‘ B~0.3 T for injection beam
B’~0.1 T/m for stored beam

Top-up injection

Optics integration

»  Different operation mode - Different beam emittance
— For off-axis Cl, only need to adjust bump height

— For off-axis MKI, need to change optics, adjusting stored and injection beam sizes to fit a fixed kicker
transverse profile

Horizontal beta for 4 operation modes (MKI) Approx. beam dimensions

2.0+ + BxEx~ cOnst.
2000 PR R S
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g
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i o
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=
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— For on-axis Cl and MKI, need to change optics to introduce Dx
Off-energy (on-axis) injection is applicable to ttbar and possibly to Higgs
while not to Z and W because of limited off-energy dynamic aperture

Summary and Next steps

* Previous studies revealed that top-up injection
into FCC-ee collider is feasible

* Next steps
— Optics integration
— Tracking study

— Further investigation needed to establish failure
scenarios

— Filling scheme update, etc.
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Tuesday from 14h00 — FCC-ee and FFCIS WP2: Optics Correction, Beam Stay-
Clear, Dynamic Aperture, Collimation — Eliana Gianfelice-Wendt, FNAL

Status and plans for optics corrections and emittance  Tessa Charles, Liverpool

performance

Robust modelling of FCC-ee with analytical equations Leon van Riesen Haupt,
and simulations CERN

Multicode comparison Felix Carlier, EPFL
Collimation optics Michael Hofer, CERN

Aperture and Collimation Andrey Abramov, CERN
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Correction Strategy (2/2)

« Sextupoles strengths set to zero.
(details on previous slide)

Optics corrections & emittance

Vertical dispersion

« Sextupoles set to 10% of their design strength
* Orbit correction

» Combined coupling and disperiion correction
* Beta-beating correction applied.

» Sextupole strengths increased by 10%

s

Constant checking
of the tunes and
orbit avoids
running into
resonances, or
failure to find the
closed orbit.

These two steps
repeated ~12
times.

* Final correction (at 100% sextupole strength)

» Additional coupling, dispersion and beta-beating correction was applied.

« Step through corrections until beta beating threshold is reached (trade-off between beta beating and vertical

emittance can be varied).
» Vary SV cut off values

IR magnets alignment - transverse misalignments (4X and A4Y)

Type AX (pm) AY (pm) APSI (urad) AS (pm) ATHETA (urad) APHI (prad)
IR quadrupole varied varied 250 200 100 100
IR sextupoles varied varied 250 200 100 100

All other magnets

as listed in Table on slide 7

+- 90% confidence
— 75% confidence

& (nm rad)
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IR magnet RMS AX and AY (um)
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FCC-ee emittance tuning results

RMS misalignment and field errors tolerances:

0.0100
0.0075
0.0050
0.0025
0.0000
—0.0025
—0.0050
—0.0075

Type AX AY  APSI AS ATHETA APHI
(pm)  (pm) (prad) (uwm)  (prad)  (urad)
Arc quadrupole® 50 50 200 150 100 100
Are sextupoles* a0 a0 200 150 100 100
Dipoles 1000 1000 300 1000 - -
Girders 150 150 - 1000 > 5
IR quadrupole 100 100 250 200 100 100
IR sextupoles 100 100 250 200 100 100
BPM** 40 40 100 - - -

* migalignments relative to girder placement
** misalignments relative to quadruple placement

Type Field Errors

Are quadrupole*
Are sextupoles™*
Dipoles

Girders

IR quadrupole
IR sextupoles

Akfk=2x 1071
Akfk=2x107%
AB/B=1x10"%

Ak/E=2x10"7
Akfk=2x107%

Tessa Charles

D, ms = 0.495 mm

w%m»«%msu il
[

s (km)

ttbar (182.5 GeV) 4IP lattice,

after correction strategy:

1751 €y.median = 0.180 pm rad

count

I |
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Code benchmarking performed

—— Vertical
Horizontal

0 20 40 60 80 100
S [km]

0.20 1

S 0.15 -

0.10

1 — mabx
SAD

— MADX-PTC MADX PTC

—— SAD

—0.010 —0.005 0.000 0.005 0.010
oplp

Analytical studies of emittance sensitivity can help define alignment strategy

Estimate using analytical formulas
« Formulas readily available in the literature, e.g. SLAC-PUB-4937

(1 — cos(2mv,) cos(2 g kyL z kyL
€y z]( cos(2mv,) cos( m/y))ze Zﬂxﬁy(%) 0% z By x( 2)

i ]y(cos(Zm/x) = cos(vay)) — sz (m’y) o

kL
; - kyL and < yZ,s >—=< 07,44 > for quads
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Large effort at CERN to benchmark Exploration of other codes opens up
these two codes new functionalities
(L.van Riesen-Haupt, T. Persson, K. Oide) (S. White, M. Rakic, D. Sagan, F. Carlier)
A A
4 A 4 Y
MAD-X SAD Bmad pPYAT
Prefered tool at CERN for Currently the code of Accelerator simulation Python simulation
accelerator design choice to create the FCC-ee library framework
Powerful lattice lattice - Spintracking - Lightsource tools
descriptions - Expertise in KEK - Photon tracking - Fastdevelopment
Large community - Largelibrary of - Interfaceable with
PTC connection functionalities ML tools ) B - —_— -
PTC connection IP1 P2
Results for Higgs physics ‘217’ lattice without L Binkd
radiation | 0.02
5
— ] 0.00
Excellent agreement between SAD, Bmad and pyAT <
- Largerdiscrepancy with pyAT. Perhaps: & —0.02
. 1 <
- Fringe fields, nr. of slices? Under study. oon

SAD MAD-X , _ _ ] i
/ 0 20000 40000 60000 80000

s [m]
IP1 P2 IP1 P2

Current efforts focus on
1. develop tests on optics and

/ 0.02
emlttancetolerances..
2. finding best possible interface to 0.002
SAD and Bmad § ’ _ 0.01
\ . Y X
L o8
\ ~ | 0.000 & 0.00
Brad pyAT Q «
o < _o.01
< _0.002
-0.02
0 20000 40000 60000 80000 0 20000 40000 60000 80000

s [m] s [m]
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Aperture and collimation

The total beam energy in various lepton colliders.

10!

10° 4

10~ 4

+ LEP2

SuperKEKB (e-)

+ SuperKEKB (e+)
+ HERA (leptons)
+ PEPII (e-)

+ PEPII(e+)

FCC-ee: 182.5 GeV

® FCC-ee: 175 GeV

FCC-ee: 120 GeV

® FCC-ee: 80 GeV
® FCC-ee: 45.6 GeV

~2 orders of magnitude

' M. Moudgalya

10!

102

Simulation frameworks under investigation

@Track—FLUKA coupling\

Framework linking tracking in
SixTrack and matter interactions in
FLUKA, used for proton and ion
collimation studies for the LHC, HL-
LHC, FCC-hh.

Required developments:

« Implement synchrotron
radiation in SixTrack.

« Demonstrate tapered lattice
tracking in SixTrack.

N )

p— Ry ~

Tracking code originally designed Python interface to the tracking

for electron beams. Used for library Accelerator Toolbox. Actively
studies for the ILC and its damping used for studies for light sources
rings, as well as for proton such as ESRF.

collimation studies for the LHC.

Required developments: Required developments:

+ Benchmark the tracking with + Implement a connection with
radiation and tapering. a scattering routine for
+ Implement a connection with collimator interactions.

a scattering routine for + Build a workflow for
collimator interactions. collimation studies.

N AN /

| PRELIMINARY

Andrey Abramov,

m— FLUKA, N=5.00e+06 107 | ™ FLUKA, N=5.00e+06

x [mm]
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tthar2 B1H B Warm

10" 4 .
E Collimator

n [ru 1]

0 20000 40000 60000 80000
5 [lu]
IRF

B

tthar2 B1H
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Hl Collimator

n [m~]
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5 [m]




CIRCULAR | gyout and optics for a collimation section

COLLIDER
Optics :1
First integration into Z- and tt-lattice sl
« Of particular interest since operation modes with the highest stored beam energy (Z with 20 MJ) /

and highest beam energy (tt with 182.5 GeV) I
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Bl Quadrupole Il Dipole I Quadrupole I Dipole
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¥y ¥
E £ 1500 1
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Z-lattice (45.6 GeV) tt-lattice (182.5 GeV)
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Wednesday from 9h00 —FCC-hh — Frank Zimmermann, CERN

Status and plans for FCC-hh optics Massimo

studies Giovannozzi, CERN
Modifications of injection and beam Wolfgang Bartmann,
dump systems for new collider layout CERN

Status and plans for FCC-hh collimation = Roderik Bruce, CERN
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Status and plans for FCC-hh optics studies
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local geometry of hh and e+ around IPA

7151107 T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T

i m m old m m nfnlinfin @i

X (T (T (T (70 (0 (00m m new [m (0D 0 07 0 [ 0T ([mm 71
7151157 < = = <t = =

DS D2-D1 D1-D2 DS

Massimo Giovannozzi

“JImproved layout with FCC-ee and FCC-hh
' IPs at same transverse position -
Advantages:

e Size of detector cavern reduced
e Re-use FCC-ee detector for FCC-hh
 Tunnel width reduced over 2 x 500 m

Nominal FCC-hh FODO cell

Combined-function (dipole-

guad) option for FCC
Possible advantages
* Increase filling factor

B (1k), By (

-hh

« Simplify production (a single

magnet type for the arcs)
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Transfer lines Injection
8 point options will require significantly more TL magnets = New generator technologies required and studied
Joining the collider tunnel as early as possible— this requires a = Failure scenarios analyzed

careful consideration of integration and cross-talk « Can reduce system length to 450 m for injection equipment
Extraction — New Baseline  apparet™

\d sa“‘s (7_ sMM m) SUShI D. Barna: Superconducting Shield (SuShi)
Old baseline: working backup solution  _ ygner “d m\c\‘“es ~ueW baseline: septum
_ geptu™ _,qaed on novel septa: SuShi (3.2T) and

* Basedon superfe'rrlc Lambertson septa (1.3- Truncated CosTheta (4T). Total system length 321

1.55T /~184m with 25 mm septum blade) ~70m = Measurements on first prototype conducted

= Septa Layout requires single plane extraction " Apparent septum blade: 25mm

(vertical) -> can potentially be reduced to 20mm using NbTi
for the shield (reduced kick strength)

= Septa layout requires double plane extraction

= Highly segmented extraction kicker system
(300 kicker) » Reduced kicker segmentation, still highly

MKD QF MSD QD

D. Barna

MKD QF MSD QD

Length reduction from 2.8 km to 2.1 km = likely possible to find a feasible concept
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Thermo-mechanical response, p 12 min lifetime, w FLUKA & ANSYS

* most loaded collimators (vertical primary with highest peak power density
50kW/cm3, first secondary w highest total power load 92 kW)

Tempe! Type: Directional Deformation(Z Axis| )

Unit: °C

Time: 11.01 T =8309C

1%&/2019 15:55 X
330.12 Max

[

262.76

TTTTTT

g:!;:rgmrd\nale System Deflection = 375 um
6:01

229.08

g 1954
q 161.72
128.04

i 100’s of micron

displacement
Thermo- o
meChanical M '”.'“a' situation Final situation, after mitigations
response, Pb . Table 2: Simulation results with different jaw designs.
Secondary JHH:Lrlsing (!‘_'u é{u h%n I"rl:::- h]io 3\1:0
beam Sections 1 1 1 1 4 4

Tmax °C) 204 136 291 181 296 188
Omax (pm) 1060 800 530 380 150 90

DS collimator
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Wednesday from 11h00 — FCC-ee & FCCIS WP2: Electron
cloud & vacuum - Kyo Shibata, KEK

Arc vacuum system & synchrotron Roberto Kersevan,
radiation CERN

Synchrotron Radiation studies for the Barbara Humann, CERN
FCC-ee arc with FLUKA &TU Vienna

Key surface parameters Roberto Cimino, INFN
Electron cloud simulations for arc Fatih Yaman, IETY
dipoles

Electron cloud simulations for arc Damian Ayim, UADY

guadrupoles
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CIRC iat Roberto Kersevan
CIRCULAR ~ Arc vacuum system and synchrotron radiation RSy

Thin (150 nm) NEG-coating to obtain low PEY and SEY ; “thin” to minimize RW impedance
Even thin NEG-coating gives large distributed pumping speed; + discrete photon absorbers

Photon-Stimulated Desorption ONLY, NO Thermal Contribution

P ( mbar/mA)

-1]_II\\III\\\\\\\\\II\\III_;IO_

0 500 1000 1500 2000 2500
Element no. (0.05 m/el.)

| 1 1 1 ‘ 1 | | | ‘ 1

0 50§ (m) 100

Future work: prototyping and experiments

* test prototype chambers at light source (KARA/KIT?)

* test behavior of thin NEG-coating at light source

* define deposition technique for dipole vacuum chambers
* in-situ measurement of photoelectron yield at light ...

B1: 25 absorbers at ~ 5.6 m average spacing
B2: no absorbers
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COLLIDER Barbara Humann

. . . . A\ at= } I I
Model comparison: absorber vs continuous shielding orking & reflection

el
sorbers B Cant: eak pOW
AI? czCrz:Q:?(i/) /- dose aﬂd p t %

" \U O agﬂe
hi her va Wh olem
- (;rc\“c\:to\\sgaﬂd BP O oL

L=

External beam: reflected
particle = magnet yoke

AP RIHT
AN

L

Internal beam: reflected
particle 2 tunnel

on collides with electron and is scattered into a

ated Va\UeS tin the MeV range

Power distribution on the tunnel & magnets

. ABS Continuous MB - Average Values

5 MB * 23.4kW | 14% | 35kW | 2% ;
5 MQ 29kW | 1.7% | 17.4kW | 10.4%
a MS 0.1kW | <0.1% | 7.1kW | 4.2%
< | ABS, Shield/VC | 131kW | 78% | 135kW | 81% ; I I

| M £ Tumnel 9.5kW | 6% | 3.5kW | 2.1% H

g W Pl s o s w0 : Total 167KW 167KW
- ABS: , i

. MQ - Average Values
* Up to 500MGy at location of ABS;

» Strongly localized around y=0

» Other locations: <1MGy —
» CONT: peak caused by missing lack of % Wt M o v
shielding in MQs Oé, TR
» Dose in coils of MQs negligible due to
protection of yoke

MS - Average Values

. . e 400
m Normalisation: = .,

£ 450

350 = 400

Yoke Iron 1=5.4mA S 300 < 350

Coils Copper E=182.5GeV T 250 *

VCRNVCL  Copper Runtime: 107s £ S 200

ABS cucrzr m s 210 2 100
Shielding INERM180 M Continuous 3 T _ 3% _ _ _

YOKE COILS VCR VCL Y OKE >OILS VCR VCl
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1.6

—e— 1100 nm

203 nm

how a coating modifies the SEY

—IIIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII'IIII|IIII|IIII+ ST“IH
141 Clean- —e— 30 nm
12F ] =
i 0.6 R 1":‘::—::.*
1.0L ] , o3
© g8t 1 / : S
N 63 SEY vs. NEG coating
- 84 0.8
» 06 115 ' 200 400 600 800 1000 1200 1400 1600
: |ncreasingc ] Primary electron energy (eV)
0.4 —
[ a-C Coverage | . . .
02k (nm) 1 exp. configurations for PEY & difficult to extrapolate
- ] .. results from energy range
0_0:|-||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||—; reerCtIVIty measurements

available (35 - 1800 eV)
Tepalheflecth®™l  minimal grazing incidence
/s, o| angle achievable at BESSY2
£y ,\" to an energy range and
angle of incidence of

"""" relevance for FCC-ee

—> experiments elsewhere |

0 200 400 600 800 1000[specular Refiectivity
Primary Energy (eV)

SR Light
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loud simulations for FCC-ee DR & collider dipoles

FCC-ee DR, Injection : PyECLOUD &Furman-Pivi Mode

18 pipe radius=10 [mm)], initial e density=1e12 [e/m?]
e

Initial e
Initial e~

density=1e10[m
density=1e10{m

3], rad=10mm
-2]., rag=20mm S

- SEY values scanned for the

mallest radius and the

FCC-ee DR, Extraction:VSim & Furman-Pivi Model
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e-cloud simulations for arc quadrupoles

Damian Ayim

Variation of bunch spacing using: SEY = 1.2 | n, = 3.5e-5, 1le-6

b_spac = 10.0 ns
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Variation of bunch spacing using: SEY = 1.3 | n, = 3.5e-5, 1le-6
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Wednesday from 14h00 —FCC-eh — Gianluigi Arduini, CERN

FCC.eh: Update and ERLs Max Klein, U Liverpool

LHeC Racetrack as Injector to FCC-ee Yannis Papaphilipppou,
CERN

Interaction Region Design Optimization Kevin Andre, U Liverpool
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60 x 50000 GeV?: 3.5 TeV ep collider

Energy in MeV

Operation: 2050+, Cost (ofep) O(1-2) BCHF
Concurrent Operation with FCC-hh

FCC CDR:

Eur.Phys.J.ST 228 (2019) 6, 474 Physics
Eur.Phys.J.ST 228 (2019) 4, 755 FCC-hh/eh

Future CERN Colliders: 1810.13022 Bordry+

FCC-eh: Update and ERLs

nast, present and proposed ERL facilities: Power = E. I,

10° 5 - < - < -
® Completed > N N "~ 1%,
. ® Ongoing (cold) i o - @ ]
: S NN ~_ FCC-eh
10° 1 @ Ongoing (warm) . "CERC ‘@® ERLC
L ~ . RN
® Proposed / In progress . e LHeC - NN
104 N K ‘& CEBAF -~ T 31 .
0 \\\ \\\ \\\ .(S—I)ass) \\\ \\ \\
~ ~ ~ ~ N ~ ~ - ~ 7
N A b ~ h ~ b . h ~ ~ 2 h ~ OQ)
DRAFT | . CEBAF - N R \
3 ~ ~ L = ~ i o
10° b 16/28/2021 < e (1-pass) 5 PERLE -
\\\ ~ \\\ \\ \\ .\ \\JOO
~ N ~ N ~ N A J}_‘ b ~ - - \/Ifbb
N N N MES a : .
102 N R N '@ FEL ¥ ® cec N
S s ~ ALICE I ~ CBETA ) Recup s ~
~ N ~ N . ~ N . (1 pabb) bERLlnPRO. . (4-pabb) ~ \JO‘/Ipr‘
1 S\—bA?INAC B ~ | AN l TN \. : l\?.e:lp- . i:{ecup. \ N
10 RN (1-pass) . S CERI\‘ (2-pass) (1-pass)
S S~ N . N N N
N i S ~. N/ ~ o, N
. o, Py, ey, Ok, ey, N
10V : . : : .
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Average current in mA



FUTURE

SIRCHLAR LHeC Racetrack as Injector to FCC-ee Yannis Papaphilippou

Parameter Unit Value LH eC R LI WO U I d a I IOW

Injector energy GeV 0.5

Total number of linacs 2

Number of acceleration passes 3 . .. . . .

Maximum electron energy GeV 49.19 [ J d I re Ct I nJ ect I O n I nto COI I I d e r at Z a n d
Bunch charge pC 499

Bunch spacing ns 24.95

Electron current mA 20 pe rh a pS W

Transverse normalized emittance pm 30

Total energy gain per linac eV 8.114

Frequency MHz 801.58

Acceleration gradient MV/m 19.73 H H
Covity s dimetr 10 * higher e- current than CDR baseline
Number of cells per cavity 5

Cavity length (active/real estate) m 0.918/1.5

Cavities per eryomodule 4

Cryomodule length m 7

Length of 4-CM unit m 29.6

Acceleration per cryomodule (4-CM unit) MeV 289.8

Total number of eryomodules (4-CM units) per linac 112 (28)

Total linac length (with with spr/rec matching) m 828.8 (980.8)

Return arc radius (length) m 536.4 (1685.1) Energy Loss Compensation Energy Loss Compensation
Total ERL length km H.332

/ Linac 1 o
) Injector
Matching/Spreader
Recombiner/Matching
Arc 1,3,5 Arc 2,46
Bypass

Linac 2 \

50 x 7000 GeV2: 1.2 TeV ep collider VetchingRecombiner iraacton Ragon D95

nteraction Region

Spreader/Matching
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CIRCULAR  eh [nteraction Region Design Optimization

e/p separation scheme optimisation

Magnet design with M. Liebsch using ROXIE in order to obtain a scaled half quadrupole. LHeC |nteraCti0n Region Optimisation' prOton & eleCtron

- 0 5
Relative difference w.r.t. the dipole separation scheme [%]

- % energy recovery since the losses in

B is ranging from 159 mT to 170 mT RSN S the arcs are higher (1.9 GeV).

256 269 282 295 308 32 334 347 360
Critical energy E.q [(keV)

DETECTOR  QOQ1 Q2 Q3 'RECOMBINATION
+ NIMidl s i
= o1
i [ .
- Electron beam | = beam in 9 H _— . o
e NS WIE\H@'j
E O ) =i .
= kNon collidiné proton beamj [Colliding proton beamJ i ;= g = g::: :l:l—l
Horizontal axis [mm] - 0130 100 -75 -50 -25 ) 25 50 75 100
- o Distance from IP [m|
Half quadrupole QO with proton - | =
and electron beam enveloppes Half quadrupole Q0 magnet design HERA “QM” magnet design
LHeC front-to-end tracking results and scaling to FCC-eh
e/p separation scheme optimisation — ERL size 8 Crne | VACige VS0
Excellent beam transmission and -
L . . . . . . e i i ; ad 254 227 15.1
The last optimisation combines the previous steps, using a Multi-Objective Genetic energy recovery efficiency 1S a_Ch|eVed, Z‘;‘/p“;n;i I gorw | e G
Algorithm : NSGA-II | oS e s v including syn_chrotl:on radiation and transmission 99.93% | 98.89%  98.40 %
Ik \ beam-beam disruption. energy recovery | 97.9 % 96.7 % 95.4 %
?—;26 e \\,.,_,_,_7_._7_,_, Table 2: Results of the tracking simulations including beam-
B Q1A E ;& ° (238 3z5m) Tracking front-to-end for 1/3 of LHC circumference ERL with 50 GeV electron beam beam and synchrolron radiation for several ERL designs‘
Bl £ a0 L2 e 175 17" AcN Tracking without beam-beam at IP
A I_* 2 L L* s .E :E M [Brange half quadrupole] Tis A Trackmz without beam-beam at IP
1 i Bz Z \ (Croom offcentersd uadrupuies E TN ad Tracking with non lindit beam-besin 36 1P
—— | > I —— Eiscllot ad g uwantos s The results of energy recovery for 1/3
o k= g 1219, 36.03) . .
B Sllg Qo Q1A LR R | S of LHC with 60 GeV will be around 97
G 18 é —as \ |Red. off-centered guadrupoles and half quadrupole §
i e Emau 2
=15 =10 10 15 20 2

0 1 2 3 1
Curvilinear distance normalised to the number of turns [turns]
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COLLIDER Injector Complex

Wednesday from 16h00 — FCC-ee : Injector complex — Tor
Raubenheimer, SLAC

Overview and layout Paolo Craievich, PSI
Linac and electron sources Alexej Grudiev, CERN
Positron source Iryna Chaikovska, [JClab

Filling schemes through injector Salim Ogur, 1JCLab
chain

Full energy booster Antoine Chance, CEA



CIRCULAR Overview and Layout

COLLIDER

Extracted from the review report

while in less than 2 min for the top-u ion 1:
f e gpt'(';:fl;bw(er 2. linac RF frequency should be chosen to be an appropriate multiple of the FCC-ee collider RF

20 GeV/ frequency to make potential future injection operation much easier to perform

3. checkthe acceptance of the booster ring in terms of emittance because this parameter will
greatly influence the injector itself, i.e. RF guns and damping ring

Injector e s Option 2: 4. carry out start-to-end simulations for the new baseline layout
Linac 2 Capture| Linac 3 to top-up booster ) ) ‘ )
2.92 GeV section [ |1:54 GeV 20 GeV/ 5. rough relative cost comparison for new and old layout (probably only marginal differences)
Target Option 3: : . .
topFCCmain ting 6. concentrate on 2 bunch per pulse conservative scheme as recommended by review, with e+

; Transfer li DR N
Positron beam ransfer line O 45 GeV/ target inspired by SLC’s
compression

7. study of 6-to-20 GeV linac, including rough cost estimate; e+ source performance at e- energy

CHART collaboration of 20 GeV

8. consolidation and confirmation of e+ yields expected at 6 and 20 GeV

9. preparation of PSI e+ experiment based on a target compatible with FCC 2-bunch operation

PAUL SCHERRER INSTITUT . FUTURE
Final proposal of the layout: 6(20) GeV O CIRCULAR
S-band
. . = PBR (BR) . )
oband  Chane / Positron Source R&D at SwissFEL
c WP1 WP2 e- lnj'ector WP1
'% Linac 2 (+ Linac4) 0 - |a L m R — |
3 = :- e+ capture § -:_ :
g_ H target linac ! :
5 e Mlwes | We4 )]
= WP4 : ;
= PBR (BR) Eeot/Einj=1
e- Injector WP1 Edb/Einj =l

Linac 2 (+ Linac4) source linac
= { E,.=1.54 GeV

No diff. energy

Electron production



SRTILER Linac and electron sources

Aterntive | Comments RF components reviewed
Ring for injection Destination
Injection energy [GeV] 6 20 Fixed
LINACs RF modules
Bunch population [1e10] 2.1 2.1 Nominal N AMPEEDON
Number of bunches 2 2 golmw 3 » ‘
Bunch spacing [ns] 15, (17.5, 20) 15, (17.5, 20) To be defined -
Normalized transverse emittances 50, 50 50, 8 Vertical acceptance of BR o
(RMS): VE_X,V [Um] Modulator for Linac 3
Bunch length (RMS) [mm] ~1 ~1 <10 ring acceptance
Energy spread (RMS) [%] ~0.1 ~0.1
E w: ‘/ L‘I‘| fé j: J , i 200 to 240 MeV energy gain per module
e- source SR | S— Summary
5nC bunch
J;" e * Specification of the preliminary design parameters has been done
Pl together with the other WPs
* 2.5cell RF photo gun « Adequate tools for RF and BD simulations have been identified and/or
* 2 S-band structures developed
e * Solenoidal focusing ) _ o
e « ASTRA code for simulation * Linac design and optimization work can start now
oo et * Linac 1 has been identified as a starting point for the design and
X ... L — optimization studies, which will begin soon after BD postdoc will join
- WP1
X X doeden D) DD SR S S = = = * Electron source based on photo-cathode RF gun looks promising to

meet FCC-ee injector requirements



T Positron source

The complete filling for Z running => Requirement @ Injection ~2.1 x 10%° e+/bunch (3.5 nC)

Ne./bunch x Y., .2 3.5 nC/bunch x 2

*A safety margin of 2 is currently applied for the whole studies.

Production scheme: 1) Conventional target 2) Hybrid target
Crystal Dieehan e’
. . magnet
e+ production and capture section e ) il
—— e E-_’ - .'A'A'.A@
P ) ° et N
T e ' TARGET

focusign
triplet /

— Matching device :
I“UW TT T T T T T T T T 1T T711/ - Capture system: RF structures + NC focusing solenoids

' options to be considered for the Adiabatic Matching Device (AMD): The capturg linac is er?ca.psulated inside the NC solenoid
a. Flux concentrator (pulsed magnet) with the axial magnetic field of 0.5-0.8 T.

Options to be considered for the RF structures:

L-band (2 GHz) and large aperture S-band structures.

accelerating structure

Goal: matching the e+

b. Superconducting solenoid (new solution)

the acceptance of the

HTS solenoid

SS Over-band

HTS coil Double
Pancake

rical

Plans to demonstrate at PSI

26 DPs




CIRCULAR Filling schemes through injector chain

1.3. Fill From the Scratch in the CDR T mches por KE pulke

. SPS:
Reaater = e Accumulation of 2080 bunches : 52s
B. Pop: 2,13E10 Emittance cooling (Damping time 0.1s): 0.7 s
not to scale! Ramp up time (6 - 20 GeV) : 0.2s
SPS Cycle time : 6.3s
. Top-up Booster:
Accumulation of 8 SPS Trains : 504s
Emittance cooling (Damping time 0.1s): 0.7 s
Ramp up time (20 - 45.6 GeV) : 032s
SPS: 2080 Bunches BR Cycle time : 51.74s
B. Pop: 2.13E10
. Collider:
W Collider: 16640 Bunches 10 BR Injections for each species will result the collider to be filled for Z- mode in 1035 seconds (17m15s)
1.7E11 is the required bunch pop.
| 6 GeV Linac: 2 Bunches/Pulse « 10 cycles* for each species are designated to pre-compensate the
“CML[ab Bunch Population: 2.13E10 charge loss due to collisions, and to always keep the charge imbalance
e within the +5% (BOOTSTRAPPING).
2.1. Multi-bunch Linac Parameters * bines
100 Hz 25 bunches per RF pulse
Enee i - SPS:
25 el inches 25 e nches Accumulation of 1250 bunches : 05s
Emittance cooling (Damping time 0.03 s) 0.12s
Ramp up time (6 - 20 GeV) : 0.175s
SPS Cycle time : 097s

. Top-up Booster:

Accumulation of 14 SPS Trains : 504s
Emittance cooling (Damping time 0.1 s) : 04s
. Ramp up time (20 - 45.6 GeV) : 032s
Pulse Duration BR Cycle time 1 14.72s
tinj tinj+ one DR train . Collider:

10 BR Injections for each species will result the collider to be filled for Z- mode in 294.4 seconds (4m54s)



SIRCULAR Full energy booster e ———

> A larger momentum compaction at Z (45.6 GeV) and W (80 GeV) Automated adaptation to MR layout modification
operation mode to handle microwave instability and IBS — phase

advance of 60°/60°.
> A smaller equilibrium emittance (smaller %) at H (120 GeV) and tt
(182.5 GeV) operation mode — phase advance of 90°/90°.
» Non-interleaved sextupole scheme gives the largest dynamic
aperture.
1* pair i i 31 pair st pair
SDI SDI 1 1 SD2 SD2 1 ' SDI SDI 1
+ L | | 4 | Py =0
tf2 T STl STel T8 Tol 0Tl 2], —ge
FODOcells ! SFI SF1 | | SF2 SF2 | | SFI
i 2 pair 3 E 4 pair i
Ring Arc FODO cell
' I o [ I I.'m
» Determination of the minimum injection energy.
Insertion

™ > New booster optics for the case of a 4 IPs layout.

s[m)



FUTURE
CIRCULAR

COLLIDER

Thursday from 9h00 — FCC-ee & FCCIS WP2: IR & MDI -
Wolfgang Hillert, U. Hamburg

Overview, plan and open Manuela Boscolo,
guestions INFN

Beam-beam background & Andrea Ciarma,
beamstrahlung CERN

News on the Q1 magnet Mike Koratzinos, MIT
prototype

Mechanical design of the MDI Francesco

Fransesini, INFN

IR alignment system Leonard Watrelot,
CERN



FUTURE
CIRCULAR
COLLIDER

A (IP)

30 mrad

FCC
13B4m 106m oo

hh
ster

03m

J (RP)

CLD

: 10.6 m-
Based on CLIC detector de5|gn
« Silicon-based vertex and tracker
« Coil outside calorimeter

Overview

K. Oide
90F T T T T ' T T T T 3
80 E
£ 70k (a) (b) =
60F- \ [ 3
> 50E- \ [\ -
40F- E
30F- E
20F- \ E
10Ex, / o
0A~ \/ ‘ X5
T T T
500
__ 400F-
E 300
E 200f
> 100§
L =
= -100E-
-200f- -
-300f- 1 -
800 600 400 200 200 400 600 800 m

detector background studies

ITTEREE S | l ulwmlmmmnmmmmmm

Instrumented return yoke

Double Readout Calorimeter

IDEA

New, innovative

» Silicon vertex detector

* Dual-readout calorimeter

»  Short-drift, ultra-light wire chamber

« Thin and light solenoid coil inside calorimeter system

.=AlBeMel 162

Geant4 model for

100

mm

-100

-200

200

mm

-100

coming
pipes
§30 mm

Manuela Boscolo

LumiCal

LumlCaI

central chamber
z=+/-9cm ’

r=1.0cm

100

| ac1

LumiCal

r=1.5cm

LumiCal

Qc1 LuriCal Lumical N Qct
A 1 | |
-3 -2 -1 0 m 1 3
""""" | EEERLESAIN RLSARLLES RALLEADELS RARESRASE Y $Z@00
LumicCal CDR LumiCal
Qc1 central chamber Qc1
z=+/-125¢cm

Qc1

-200

7 mm SR mask

Maximum transverse
commaon nine cize

@20 mm x 2 x 90 mn
IP round Be nine
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Beamstrahlung

Beam-beam background

10% |

108

107

T T TTTT

' 2MeV @Z

o

0.5 1 1.5 2

Integration with the key4hep framework
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Hits in the CLD sub-detectors

Detector

Hcal Endcap.
Hcal Barrel

:I:T Endcap
IT Barrel
VXD Endcap

T
aooo, 4000 /XD Barrel

Lumical

Power hitting the pipe [W / 0.2m]

Bhabha and Beamstrahlung

3
\

=]
- L
o T TTIT T TTITT

65 70
Distance from the IP [m]

MeanEnergy . Tot Power Deposited Power

Radiative Bhabha @182.5 26.4 GeV 279W 014w
Radiative Bhabha @45.6 6.6 GeV 928 W ‘ 473 W
Beamstrahlung @182.5 67 MeV 88.5 kW 0.39 kW
Beamstrahlung @45.6 2 MeV 386.9 kW 1.746 kW

Tracking of spent beam

M_gcroparticle
o
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S
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o
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—
o
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| L L | L . L | L | . . 1

T2 4 6 8 10
Turns in the ring
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Start position Length B’@Z B’@W B’@H B @tt Canted Cosine Theta design

(m) (m) (T/m) (T/m) (T/m) (T/m)

QC2L2 -8.44 1.25 2505 43.82  61.30  69.50

QC2L1 -7.11 125  -0.18  0.00 732 5685

QCIL3 -5.56 .25  -19.35 -3438 -53.08 -99.98
QCI1L2 -4.23 1.25  -18.57 -32.94 -53.07 -99.98 7 -
QCILI.1 2.9 0.7  -40.95 -70.00 -99.71 -95.39 o]
QCIL1.2 2.2 0.7  -40.95 -70.00 -99.71 -95.39 0
QCIR2 2.98 125 2544 3725 -51.94 -100.00 i PN o
QCIR3 431 1.25  -19.54 -39.51 -53.65 -91.87 | - e
QC2R1 5.86 125 1464 16.85 -2.65 37.19

QC2R2 7.19 1.25 1950 4432 6752 9443

Vi, Koratzinos
Centre: multipoles - magnet component

0.040

0.020

0.000 . T O —

-0.020 I
m-0.040
‘€ -0.060
> .0.080 I

-0.100

-0.120 I

-0.140

-0.160

b3 a3 b4 ad b5 a5 b6 ab b7 a7 b8 a8

All multipoles are below 0.15 units and only b3, a3 is above 0.10 units. (this is
barely above the sensitivity of the method)
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Preliminary assembly of the MDI mechanical model
Shielding Compensation Screening solenoid e

g, 9
sl i - =

solenoid

LumiCal > \as ‘\
(thanks to Mogens Dam)

Section

Cryostat (in yellow)

Vacuum Chamber \
made by L.Pellegrino and A. Novokhatski

Thanks to M. Koratzinos for the magnets and cryostat

Thermal calculations/cooling

Stress calculations

2

"Tin

F: 2mm _finale

Total Deformation

Type: Total Deformation
Unit: m

Time: 1

Custom

Max 3,370%e-5

Min: 0

28/06/2021 1548

Paraffin

T2 Thulk T
T4
.\

| Tout l Tex

Paraffin

- AlBeMot162

..... <~ -- dpd ded Dind Do

AlBeMet16

o

33701e-5
. 2,9956e-5
26212e-5
2,2467e-5

. 1,8723e-5
1,4978e-5
1,1234e-5

7.48%-6
l 3,7445¢-6

AlBeMet162

Vacuum

0,000 0,150 0,300 (m)
0075 0,225
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COLLIDER

SuperkEKB/Belle I MDI

Experiment

Final Focusing Quadrupole

(FFQ) Compensatir enoid
- % -
Qca-L \ Qci-1 K QC1-R QC2-R
L \‘ " = —
v A 3

[ aczer ][ ac2ur ] [[aci3e ] [(acizp | [ aciur | & [ acirie ][ aci-r2e | [ aci-gse | [ aczrie ][ acRreE | t_"""
[ ac22e [ acue | [[aci-e ] [(aci-ze | [ aci-ue | e [ aciRrip ] [(aci®r2p | [[acirsp | [acrir | [ acrer ] . ¥ r—al
P ; g = : Lo Ay
Cryostat Screening solenoid

Forward components e

(BPM, HOM absorber ?, ...)

,,,,,,

Alignment required for the final focusing quadrupoles, BPMs, Screening and Compensation solenoids and Lumical (for now ...)

Evaluation of the existing concepts
Considering internal + external monitoring system
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Impedance

Thursday from 11h00 — FCC-ee & FCCIS WP2: impedance
& collective effects — Ursula van Rienen / UROS

Introduction and overview, incl.
FEB

Impedance database and single-
bunch instability thresholds

Status of bellows and flanges
impedance studies

Combined effect of impedance
and beam-beam

SuperKEKB collimation

Mauro Migliorati,
Sapienza

Emanuela Carideo,
Sapienza & CERN

Chiara Antuono,
Sapienza

Yuan Zhang, IHEP

Takuya Ishibashi, KEK
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Impedance overview

Mauro Migliorati

70000 —— bellows
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longitudinal wake potentials TMCI threshold

400 T

- - Gaussian_profile
— RW

Bellows
2001 BPMs

Re (Q,) vs N,,
comparing
PyHEADTAIL & DELPHI
for transverse

resistive wall wakefield

— RFcavities
— Tapers

<
Re(AQ/Q<o)

|
N
o
o

Wake potential (V/pC)

|
S
o
o
T

R G p— 0 10 20 30
z (mm)

bunch lengthening & microwave inst.

Re (Q,) vs N,,

from PyHEADTAIL

for combined effect of
transverse & longitudinal
resistive wall wakefield

o, (top) &
O3
(bottom)
vs N, o L
with and
without
beam-
strahlung .. ., . . ., ., =

RMS bunch length (mm)
2o e e

RMS energy spread (%)
o o o o o
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RF shielding

Bellows and flanges

R avity = 45 mm

Wake potential

=3mm

,,,,,
Spacegeiow = 7 mm
Spacegejow = 10 mm
Spacegejioy = 12 mm

Wi(s) / V/pC

spaceﬂe“ow | I III-

» The short range Wake Potential is affected by the space between the

convolutions.
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* The beam coupling impedance can have a substantial impact on the
choice of beam parameters and the final collider performance.

» The principal effects are summarized: N
* Tune shift of stable tune areas k
« Smaller safe tune area
« Smaller beam blowup

 Possible Mitigation Options:
« Smaller gy
« Higher Harmonic Cavity (energy calibration?)
* Higher Momentum compaction

* The effect for 4P scheme is evaluated roughly

* it is expected that longitudinal impedance will certainly increase. The
combined effect of impedance and beam-beam needs particular care since
it may cause unwanted instabilities.

220 ¥
K3

&
200 §

180 2

f
160 [

Luminosity [x10*4cm2s!]

I 1 L I
2000 4000 6000 8000 10000
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el A SuperKEKB Collimation Takuya Ishibashi

.—> IR -—o

]
] e DO2HI ™,
DOV1 :
WD12va DO1H3 | DOV o o
4 TSUKUBA
I

@ D12H2 -
I

poL2v SuperKEKB Main Ring

D11
-4
‘:JJ |
i, D R viaon (05 e oo e ot o
Y] o
= 9 @ : Horizontal Collimator, KEKB HER(50x104) type ) ’ 13
[ : Vertical Collimator, KEKB HER(50x104) type = A . ‘ .
DO9V4 @ : Horizontal Collimator, SuperKEKB LER(f90x220) type Vel"'tlca| dlreCtlon
D10| @ %’:9*:/43 M : Vertical Collimator, SuperKEKB LER(f90x220) type
DO9H3 © : Horizontal Collimator, SuperKEKB LER(f90) type
p DO9H2 @ : Horizontal Collimator, SuperKEKB HER(f80x220) type
DO9H1 s i i /
: Vertical Collimator, SuperKEKB HER(f80x220) type /
& Doov2 =] i pe ( ) typ / 11

{3 pogv1
\

{0/ Summary

i - The SuperKEKB type collimators have been working well up to the beam current of
— approximately 1 A.

- These collimators have been indispensable for Belle || and SuperKEKB.

- We developed and installed carbon jaws to protect collimators for the BG suppression.

Plans

» Phase matching between D02V collimator and QC1RP in LER as much as possible by moving
the collimator.
- A simulation indicates that this configuration can reduce the detector background about 40%.
» Non-linear collimator (NLC) in LER by adding new skew sexts at OHO.
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Thursday from 14h00 — FCC-ee: Other applications & upgrades - M. Seidel/PSI

FCC-ee booster as ultimate storage ring photon source Sara Casalbuoni, XFEL

Science case for high-energy photons Anders Madsen, XFEL

FCC-ee e* options Benjamin Rienacker, Ruggero
Caravita, CERN

ERL-based e+e- collider Vladimir Litvinenko, BNL

FCC-ee upgrade to muon collider Daniel Schulte, CERN
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constant-field constant-field
chicane accelerated beam chicane
(45 GeV)
i‘— ----------------------------------- . FCC-ee

/ booster PETRA IV ESRF, APS, PETRAII

fog—— | il
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Photon-matter interactions (for Cu)

A number of imaging techniques could be interesting in the 30-100 keV range L — T T T
At these energies radiation not diffraction-limited at conventional DLSR 10615 100 keV
CE, [Photoelectric
m State-of-the-art X-ray holography (cone beam) g | Absorption
requires smallest focus (diffraction limited beam) c btal Cross Section
% High pressure by Diamond Anvil Cell (DAC) S 103} Experimental)
s Thomson
k3 [~ Scattering
) "
i Nk
» - S i
g &
2 A "7 Electron-Positron
O 100 N/ Pairs
~ Compton X, ,/
t — . Scattering { N Photonuclear
A I\ Absorption
i | 1 l’-:. 1l \. | p}‘ |
103 108 10°
Photon Energy (eV)
bagemann exaldeet) Atomic dimensions (~1 A)
104 ......................................
> PETRA IV
.; {I}LS z APS-U
30 keV X-ray data (ESRF)  X-ray Photon Correlation Spectroscopy (XPCS) Y H o DIAMOND i SPring-8-Il
- ] y ; ‘ = g 10° oL
= A X lllumination with a coherent beam o 2 / E ’ ESRF Il
o~y f v leads to fine structure (“speckle”) " E CIETTRAR \ SIRIUS
= v, iy in the scattering image g 1 MAX IV
. . L] 1 » The speckle dynamics encodes g i NSLS II PETRA Il
] the sample dynamics \
[ </arutile structur ,
| | Z/(al/;(ai;))ucca:l: structure DIAMOND \ESRF APS SPring-8
A previous study - single Xal [32] 10’
¥ previous study - single Xal [31] T T T T T 1
A previous study - powder [32] 0 500 1000 1500 2000 2500
‘ Stephenson et al. (2009) storage ring size [m]

0 10 2 30 % %0 e :
Pressure (GPa) Schroer et al. (2018)
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A century worth of positrons (almost)

Increasing world-
wide use

[_7 of positrons in
| Birth of QED research and

I medicine
Anderson’s discovery PET scanners are

of the positron developed
i ' N

Deutsch discovers “Full” theoretical
positronium (Ps) description of Ps

I | [[LEPatcERN |

1928 1932 1951 1953 1980 2000 2021

Low energy positron/positronium physics at one glance
Precision QED studies (annihilation lifetime, Ps spectroscopy)
Fundamental symmetry tests (CPT, WEP, invisible decays)
Material studies (defect studies)

Dirac’s prediction of
the positron

e* with e* with
MeV energy eV energy

Isotope sources (B*- decay)

Moderator | : N
|:> .~ 10-3 |:> - Continuous slow e* beam

Nuclear reactor-based sources (pair production)
Accelerator-based sources (pair production)

Applications of slow positrons
» Defect studies

Trapping, cooling, ‘ @ » Surface and dislocation probing
G :> remoderation, bunching | > Electronic structures
e~10"1 ‘ ' Conversion into Experiments with slow Ps
% positronium (Ps) > Precision tests of QED
|:> » Fundamental symm. (CPT, WEP)
e~10"1 » BEC with Ps

\ > Porosimetry




FUTURE

CIRCULAR Energy recovery collider

Key development: focus on reaching c.m. energy range of 500 - 600 GeV

Physics: Investigating details of:

2 GeV electron ring 2 GeV positron ring

production

—t
o

I |IIlI|]
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— FT T : T v wwg 2
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* The ERL-based high-energy e*e- collider promises significantly higher 3 ) = Do i
. ., . . . . (with Jumi/energy. Upgrade) —
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COLLIDER
ey cance
1.2 - . . r
¥ - - §‘ 11 CLlC )(
lllmﬁma:\ona\ = -I L MUCOII ------ o * .",
. . . . Fration —
The muon collider has been developed by the MAP collaboration mainly in the US w09 .
Muon cooling demonstration by MICE in the UK, some effort on alternative mainly at INFN ¢ 08¢ Tg\/:g“”“fm | y
. (&) 0.7 | 1= ]
MAP collaboration S og | | 2TV | Lab™ ]
o . 10 TeV | 10 ab™!
Proton Driver Front End Cooling Acceleration Collider Ring = 05} |14Tev | 20ab? 1
§ 04 X 1
Q_B 0.3 +_|\'_\+ |
— G s o 3 02y X ’
= Sh =
— = — ‘q-‘J_-QJ o B £ 8 01 . L 1
- S @ g |@oE @ |5 B ¥ G ¥ £ 0 1 2 3 4 5 6
£ E 5 5 |[Sesgsls8% 05 %
% E 3 E |5292%lg8 8 gp S S Eem [TeV]
SIS 7] £ o —
3 ©C 038 Bl 22 25 2 E | Accelerators:
< g o ol g % | Linacs, RLA or FFAG, RCS
= 0
o - I Mis
G rives the beamquality ¥ T
Objective: quite detailed MAP design

In time for the next European Strategy for Particle Physics Update, the study aims to
establish whether the investment into a full CDR and a demonstrator is scientifically
justified.

It will provide a baseline concept, well-supported performance expectations and
assess the associated key risks as well as cost and power consumption drivers. It will
also identify an R&D path to demonstrate the feasibility of the collider.

Scope:
* Focus on two energy ranges:

— 3 TeV, if possible with technology ready for construction in 15-20 years

— 10+ TeV, with more advanced technology, the reason to do muon colliders

Explore synergy with other options (neutrino/higgs factory)
Define R&D path

still challenging design with
challenging components

”,
”
’
Further optimise as much as possible "

Muon Collider Accelerator
>10TeV CoM Ring
~10km circumference :
]
§
......................... &
: m ‘0
i 4 GeV Target, nDecay uCooling g
i Proton & pBunching Channel  yuAcceleration ‘O'

% Source  Channel

Could use FCC tunnel
for accelerator

would allow to go up to
0O(30 TeV) with normal
magnets

Cost and power consumption drivers, limit energy reach

e.g. 30 km accelerator for 10/14 TeV, 10/14 km collider ring
Also impacts beam quality

Drives neutrino radiation and beam induced background
Improve compared to MAP design and design for high-energy
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Congratulations to everyone for fantastic progress!



