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* The physics landscape

Istituto Nazionale di Fisica Nucleare

Why we need a new collider

FCC-ee and CEPC

Circular colliders vs. Linear colliders

Physics performances

Detector requirements

A detector concept for an electron circular collider: IDEA

Conclusions

Disclaimer

To prepare these slides | used content from many friends
and colleagues, whom | wholeheartedly wish to thank.
Any mistake or misinterpretation is entirely my fault!
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We are at an important point in Particle Physics

Wﬂ"ﬂ * The Higgs discovery has completed the particle spectrum
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We are at an important point in Particle Physics
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We are at an important point in Particle Physics

¥ Wﬂlﬂ * The Higgs discovery has completed the particle spectrum
o d dom 'H predicted by the Standard Model
83 ﬁ 2 * The SM looks like a complete and consistent theory
ﬁ 8 * [t describes all observed collider phenomena (except neutrino
g ﬂ e 8 masses)
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* Neutrino masses
e Matter-antimatter asymmetry
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We are at an important point in Particle Physics

* The Higgs discovery has completed the particle spectrum
predicted by the Standard Model

* The SM looks like a complete and consistent theory

* [t describes all observed collider phenomena (except neutrino
masses)

However there are still many unsolved questions:
* Dark Matter
*Neutrino masses
e Matter-antimatter asymmetry
*Hierarchy problem

etC.
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Istituto Nazionale di Fisica Nucleare

» Standard Model (SM) confirmed to high accuracy up to energies of several TeV
(thanks to a firm control of exp. & th. syst. uncertainties, the LHC became a precision machine)

» Higgs boson discovered at the mass predicted™ by LEP precision EW measurements
*within the Standard Model

TeV-scale Naturalness might not explain DM/baryogenesis

Traditional New Physics models are under siege \j
» Absence of new physics —-[

New approaches: relaxion, Nnaturalness, clockv(\frk)
Cosmology might settle the vacuum of the SM

We need a broad, versatile and ambitious programme that
1. sharpens our knowledge of already discovered physics
2. pushes the frontiers of the unknown at high and low scales
— together FCC-ee & FCC-hh combine these 2 aspects —
more PRECISION and more ENERGY, for more SENSITIVITY to New Physics

C. Grojean
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~ Where do we stand...

COLLIDER

INFN

Istituto Nazionale di Fisica Nucleare

* The take-home message from the LHC so far: this universe is very SM-like.
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Istituto Nazionale di Fisica Nucleare

We are In an interesting situation
* No experimental hint to the origin of these observed phenomena
* No clear theoretical hint to indicate the best direction to go

We have no clear energy scale for new physics
We don’t know its coupling strength to the SM particles

* Next facility must be versatile
* With a reach as broad as possible

More Sensitivity, more Precision, more ENERGY

* A high precision, high intensity lepton collider, later followed by a high energy hadron
collider offers the best solution

P. Janot
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Istituto Nazionale di Fisica Nucleare

Many historical examples
» Uranus anomalous trajectory -*» Neptune

> Mercury perihelion -+ General Relativity

> Z/W Interactions to quarks and leptons -* Higgs boson
Sometimes, these discoveries were expected based on theoretical arguments

but precision gave valuable additional clues.
In any case, experimentalists shouldn’t lean too heavily on theorist priors/prejudices

At times when we don't have a precise theoretical guidance that we need powerful experimental tools to make progress.

The Standard Model structure has seemingly “accidental” aspects (e.g. B, L number conservations)
that should be probed to form a deeper understanding of Nature.

C. Grojean
14/05/2024 Future large circular colliders - Paolo Giacomelli 7
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Istituto Nazionale di Fisica Nucleare

W
mmi.

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group

“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.”

T — —

— CERN council approved the Strategy and CERN management implemented it —
FCC Feasibility Study (FS) started in 2021 and will be completed in 2025.
Mid-term review in 2023.

14/05/2024 Future large circular colliders - Paolo Giacomelli 8
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The physics we need

INFN

Istituto Nazionale di Fisica Nucleare

Precision SM

myz, 17, Ny, R}, Apg, myy, Ly
a, (with permille accuracy)

Quark and gluon fragmentation
NP QCD

Flavour Physics

. 10'! z7: tau-based EW
observables, lepton universality

e 102 bb/c¢ pairs: flavour

observables, flavour anomalies,

CKM, CP etc.

Future large circular colliders - Paolo Giacomelli

BSM direct
searches

Axion-like particles, dark
photons, Heavy Neutral
Leptons, LLPs

Higgs physics

Higgs width, Higgs to
Invisible, couplings
(including self-couplings)

Top physics

EW top

Mo I
couplings

top?

C. Grojean .
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Istituto Nazionale di Fisica Nucleare

Precision SM

BSM direct
searches

my, 1z, N, Rj, Agg, my,, L'y, — .
Axion-like particles, dark
photons, Heavy Neutral

Leptons, LLPs '*
Higgs physics

Higgs width, Higgs to
Invisible, couplings
(including self-couplings)

a, (with permille accuracy)

Quark and gluon fragmentation
NP QCD

EW factory
(£,WW)

Flavour Physics

. 10'! z7: tau-based EW
observables, lepton universality

Top physics

EW top

e 102 bb/c¢ pairs: flavour m., I
: op’
observables, flavour anomalies,
CKM, CP etc.

top?
couplings

C. Grojean
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the Higgs requires more precision

(HL)-LHC will make remarkable progress.
But it won’t be enough.

A new collider 1s needed!

Istituto Nazionale di Fisica Nucleare

The knowledge of the values of the Higgs couplings is essential
to understand the deep structure of matter/Universe:

mw Mz <> Higgs couplings
T

lifetime of stars
(Why tsun~ tiife evolution?)

Me My, Mg <> Higgs couplings

>

size of atoms nuclel stabllity

) Higgs self-coupling(s)
~10-10
EWSB @ t~10s (7;) Higgs(es) potential

matter/anti-matter <7>> CPV In Higgs sector

14/05/2024

Future large circular colliders - Paolo Giacomelli
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FCC integrated program

INFN

Istituto Nazionale di Fisica Nucleare

comprehensive long-term program maximizing physics opportunities

stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory at the highest luminosities
stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option
highly synergetic and complementary programme boosting the physics reach of both colliders
common civil engineering and technical infrastructures, building on and reusing CERN's existing infrastructure
FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC
Injection transfer lines proposed to be
into booster PAExperiment site) Azimuth = -10.2° installed inside FCC-hh ring tunnel oA ExNiment site) Agimuth = -10.2°
/SSS = 14(); ~. I:j:ction into collider Injection g W e I:j:ction
Technical Sgﬁ ~f LSS=2160m : LSS = 2160 m EeBchnical site Technical site\ Technical site
Booster RF N . | ) p; Beam dump RF PL O . LSS=2160r/n Q pB Beam dump
\ | / N\ | /
N\ / N\ | /7
Arc length=9616-5;6\n\ FC[C-?e booster Arc Iength=9616.5;6‘F CC-h h/ ’
Schematic of an T e e mmm——— - - — @FD py @ SSS=1400m PD
80 - 100 km (Optioal ) R i e Grvarmen
g long tunnel f::':;nmem :::Z‘)mmem "sie) ste)
Technical :gts Y LSS = 2160 m LSS =2160 m ;chhnical site Technical site LSS = 2160 LSS = 2160 m Lof Technical site
Collider RF Betatron & Momentzl:n _ ) - B:.:atron collimation
m0|‘11ent.um collimation SSS = 1400 m
P& (Experiment site) collimation PG (Experiment site)
2070 - 2095 |
14/05/2024 Future large circular colliders - Paolo Giacomelli M.Benedikt 11
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C

FCC integrated timeline

INFN

Istituto Nazionale di Fisica Nucleare

FCC-egg,
~ 15 years operation

Feasibility Study m

Geological investigations, infrastructure Tunnel, site and technical
detailed design and tendering preparation infrastructure construction

FCC-ee accelerator and detector
construction, installation, commissioning

FCC-ee accelerator and detector R&D and technical
design

Superconducting magnets R&D

Long model magnets,
prototypes, pre-series

FCC-hh accelerator
and detector R&D
and technical design

Note: FCC Conceptual Design Study

started in 2014 leading to CDR

10 years

FCC-hh,
~ 25 years operation

f

in 2018

& infrastructure

CC-ee dismantling, CE
adaptations FCC-hh_

High-field magnet
industrialization and
series production

FCC-hh accelerator and detector
construction, installation, commissioning

Feasibility Study

(geology, R&D on accelerator,
detector and computing
technologies, administrative
procedures with the Host States,
environmental impact, financial
feasibility, etc.)

HL-LHC

Project approval by ends

CERN Council

(or alternative project selected)

Construction starts

v

Operation of FCC-ee

(15 years physics exploitation) (~ 20 years of physics exploitation)

Ambitious schedule taking into account:

- past experience in building colliders at CERN

- approval timeline: ESPP, Council decision

Jd that HL-LHC will run until 2041

Jd project preparatory phase with adequate
resources immediately after Feasibility Study

Operation of FCC-hh

14/05/2024

Future large circular colliders - Paolo Giacomelli
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Istituto Nazionale di Fisica Nucleare

Layout chosen out of ~ 100 initial variants, based on geology and V. Mertens
surface constraints (land availability, access to roads, etc.), | Gutleber
environment, (protected zones), infrastructure (water, electricity,

transport), machine performance etc.

“Avoid-reduce-compensate” principle of EU and French regulations

Overall lowest-risk baseline: 90.7 km ring, 8 surface points,
Whole project now adapted to this placement

Injection
into booste

SSS =1400m Injection into collider

Technical site Technical site

|
I
PL LSS =2160m
| PB
Booster RF \ s » Beam dump
\ | /
N\ | /
\ | /
\ /
= I /
Arc length 9616.586‘m\ | p booster
\\ /
N
=14 N7
L S YT T T T e, ' Y
(Optional 7 N\ SSS =1400m ¥ (gptional
Experiment y 7N N Experiment
site) y | N site)
/ | \
/ | \
/ \
/ | \
/ | N\
/ | \
Technical site - Techn'cal site
PH | LSS =2160 m PE |
i Betatron &
Collider RF SSS = 1400 m|
‘ momentum
PG (Experiment site) collimation M.Benedikt
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FCC placement

Layout chosen out of ~ 100 initial variants, based on geology and
surface constraints (land availability, access to roads, etc.),
environment, (protected zones), infrastructure (water, electricity,

transport), machine performance etc.

“Avoid-reduce-compensate” principle of EU and French regulations @ /

Overall lowest-risk baseline: 90.7 km ring, 8 surface points, " i

Whole project now adapted to this placement

Injection
into booster

Injection into collider

Technical site Technical site

Technical site
PH

Collider RF

Technical site
PF

Betatron &
momentum
collimation

LSS = 2160 m

l
l
PL LSS =2160m
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Booster RF \ s Beam dump
\ | /
\ l /
\ | /
\ /
= l /
Arc length 9616.586\71\ ] p booster
\\ /
N
SSS = 1400 N |7
V PJ + a - a _rn —————— Y __________ + P-D
(Optional 7 N\ SSS =1400m ¥ (gptional
Experiment y 7N N Experiment
site) y ] N site)
/ 1 \
/ ] \\
/ \
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/ l N\
/ | \
l
l

PG (Experiment site)
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sircuiar FCC placement

Layout chosen out of ~ 100 initial variants, based on geology and
surface constraints (land availability, access to roads, etc.),
environment, (protected zones), infrastructure (water, electricity,
transport), machine performance etc.

“Avoid-reduce-compensate” principle of EU and French regulations

Overall lowest-risk baseline: 90.7 km ring, 8 surface points,
Whole project now adapted to this placement

Injection
into booster

Injection into collider

Technical site Technical site

|
l
PL LSS =2160 m
[ PB
Booster RF N / Beam dump
\ | /
\ | /
\ | /
\ /
| /
Arc length = 9616 586‘m\ [ p booster
\\ /
L
=14 N |7/
| PJ + it oL NN, A + PD
(Optional 7N\ SSS =1400m ¥ (gptional
. AR BN :
Experiment 4 N Experiment
site) y | N site)
/ ' \
/ 1 \
/ \
/ | \
/ I N\
/ | \
Technical site - - Techn'ca' site
PH LSS =2160 m | LSS =2160 m PE '
i Betatron &
Collider RF SSS = 1400 m!

momentum
collimation

-0-

PG (Experiment site)

M.Benedikt
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* Project launched in January 2024

> Edaphos
~ « Biological analyses \
~« Selection, sourcing and characterization of

FUTURE
CIRCULAR
COLLIDER

OpenSky laboratory: demonstrate molasse reuse

INFN

Istituto Nazionale di Fisica Nucleare

GOAL: demonstrate the feasibility to transform Molasse (excavated material) into fertile soill.

* 10000 m2 near LHC P53 in Cessy, France. U Fervesie row =~

PREPARATION AREA
o
FENCE PROPOSAL ent 'ﬁ

-
ot
>

Q(i UNLOADING AREA ’ 0%’?90 %,%: %
Project phases: QA v ¥
: : : : < A9 LR
1) Laboratory tests to identify the most suitable mix of molasse Z A

o,
'y "f’,"' .

and amendments. X " L
MANOEUVRE AREA r.v' Ny : ‘D\Q v P %‘30/;:0
2) Field tests in a controlled environment (plants selected in e f f N
function of regional specificities and possible soil reuse cases ) \ S
International collaboration with partners from academia and industry roreseeners RSN AN g
specialised in agronomy, soil paedogenesis, phytoremediation L ZAONDN AN '
- : i Q 9 KBRS
University of Leoben : ' 7'4",7 '3’&‘&9{\«
okl L LICINCLA LML NOT PART OF THE FCC MoU Collaboration - ;' \ TR Y
Ot eamanof s (3 S\ )
experience (depending on the results G SRR A e Rl h _ * 0 9

[

« Field instrumentation with connected field

ment devices for soil, plant and
weather monitoring

 Creation of a supervisory control and data
acquisition system

measure

» Economic and societal impacts analyses
« Business plan development
» Environmental compensation quantification

(22 Status - March 2024:

* Project approved at CERN level

Open Sky Laboratory
(Located at HL-LHC P5)

m w m
(2]

| N

organic matter
» Formulation and production of
biodynamisation amendment (capsule)

~ * Molasse mixing methodology

14/05/2024

 Laboratory tests to evaluate material

« Culture selection in function of regional

o =0 -

» Development of a scientific protocol and

tracking of the field trials
« Design of the experimental field ()
« Socio-economic study

treatment suitability

specificities and culture rotation plan

Future large circular colliders - Paolo Giacomelli

f | Water/Electricity/Optical fiber
: TOOLS CONTAINER]
IT EQUIPMENTS CAB|N|
\ 3 —

%l _ [e402
.’, ‘: AN ‘A ‘-‘_.-

NETWORKS TRENCH
L=40m

" [MANOEUVRE AREA|

Collaboration agreements being signed

Definition of the laboratory and field tests

M. Benedikt 4,



FUTURE
C creuiar FCC Tunnel @
FCC-ee FCC-hh

3770 3770
25500 25500

Cable trays:
Fibre optic

LV distribution
Control cables

Booster ring

Collider ring

3150
3150

DC cable trays
HV cable

100

100

200

200

100

2408 2245

Collider Center Collider Center

Main ring below of booster ring
Main ring and booster ring 1.03 m apart

M. Benedikt 15
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FCC-ee main parameters

INFN

Istituto Nazionale di Fisica Nucleare

Parameter Z wWw H (ZH) ttbar

beam energy [GeV] 45.6 80 120 182.5

beam current [mA] 1270 137 26.7 4.9 Design and parameters
number bunches/beam 11200 1780 440 60 dominated by the
bunch intensity [101] 214 1.45 1.15 1.55 choice to allow for
SR energy loss / turn [GeV] 0.0394 0.374 1.89 10.4 50 MW synch rotron
total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.1/0 2.1/9.4 radiation per beam.
long. damping time [turns] 1158 215 64 18

horizontal beta* [m] 0.11 0.2 0.24 1.0

vertical beta* [mm] 0.7 1.0 1.0 1.6

horizontal geometric emittance [nm] 0.71 217 0.71 1.59

vertical geom. emittance [pm] 1.9 2.2 1.4 1.6

horizontal rms IP spot size [um] 9 21 13 40

vertical rms IP spot size [nm] 36 47 40 51

beam-beam parameter g, / €, 0.002/0.0973 0.013/0.128 0.010/0.088 0.073/0.134

rms bunch length with SR/ BS [mm] 5.6/15.5 3.5/5.4 3.414.7 1.8/2.2

luminosity per IP [1034 cm-2s-1] 140 20 5.0 1.25

total integrated luminosity / IP / year [ab-1/yr] 17 24 0.6 0.15

beam lifetime rad Bhabha + BS [min] 15 12 12 11

iIndirect discovery potential up to ~ 70 TeV

4
4
] x10 Belle |l statistics for b, c, ©
4
H

14/05/2024

X 10-50 improvements on all EW observables
up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC

4 years
o x 1012 Z

LEP x 105

2 years
> 108 WW

LEP x 104

3 years
2x 106 H

direct discovery potential for feebly-interacting particles over 5-100 GeV mass range

Future large circular colliders - Paolo Giacomelli

S years
2 X 106 tt pairs

Up to 4 interaction points = robustness,
statistics, possibility of specialised detectors
to maximise physics output

F. Gianotti 4
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Circular Electron Positron Collider (CEPC)

d CEPC is an ete- Higgs factory producing Higgs / W/ Z bosons and top quarks,

aims at discovering new physics beyond the Standard Model

d Proposed in September 2012 right after the Higgs discovery
1 Upgrade: Super pp Collider (SppC) of 1/s ~ 100 TeV in the future.

IP 2

Booster

e*e” Higgs (Z) factory

Ring length ~ 100 km

http://cepc.ihep.ac.cn

14/05/2024

INFN

Istituto Nazionale di Fisica Nucleare

Potential CEPC Sites

il
--ﬁ‘-‘!

e T
I-I‘u\anglmg )

V&

. ,
2 lAY‘

Qinhua,gdao

-

"X

Huzhou

Future large circular colliders - Paolo Giacomelli
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‘/ CEPCK\;¢&1¢ |Chamqsha SITE

Pm/

[
: f
- X CEPC f
"/ P : [
- . \L__—___——l-_‘ 4
SPPC Injector Chain @ ‘ -
-~ / i f Pip3
f
A g =
~=
=
17

Pip1

———
’— ‘\

Changsha

INFN

Qinhuangdao

- ituto Nazionale di Fisica Nucleare
: : : 00

5
k 300
! - 100
| | I‘

-20(‘ | 5. ‘ o — ._'100
IP1 P2 IP3 P4 ‘ | - | \ v
| Huzhou

1P3 P4 IP1

ic
transfer line

\

(including project preparation) 2027.1~2031.3 TBM excavation

Schedule analysis of CEPC Ove}rlap
2027 2028 2029 2030 2031 2032 2033 2034
@ @ ©) @ ® ® @
J
51 months !

Total duration of CEPC project is
) 96 months

14/05/2024

|
63 months

Future large circular colliders - Paolo Giacomelli

2027.1~2032.3 Drilling & Blasting excavation

2031.1~2031.12 | 12months

H. Yang 18



FUTURE

cireular CEPC site selection INFN

itutn Nazionale di Fisica Nucleare

Qinhuangdao

------ i o
‘)u((;“: T—! T : . . + ’ : ’1(1)80
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Huzhou
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e, J0b
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PRrr2

.‘,
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FUTURE i _
cireular CEPC site selection
20, B e | e

Qinhuangdao

N - 500

——————— 200 Msao
o= o — T ] °F » ' T : _1(:30
.30(‘ ‘ \‘ “ ‘: ' ' ‘ j| — | \ 200

IP1 P2 IP3 P4 -

. Huzhou
] hENDAR

P2 IP3 ' IP4 iP1
‘ Changsha |

©1050

2 p Cryogenic

transfer line

!! Valve box
e

S [ 1500
-
i

r 2400

=

«,_"

2900

Changsha

DEBE R MR HRRRERAE

POWERCHINA ZHONGNAN ENGINEERING CORPORATION LIMITED

¢

Common tunnel for booster/collider &
SppC

14/05/2024 . Yang 18



(\&heliax CEPC Planning and Schedule <R

Istituto Nazionale di Fisica Nucleare

14/05/2024

2012.9 2015.3 2018.11 2023.12 2025.6 2027 15t five year plan (2026-2030)
proposed Pre-CDR CDR Acc. TDR Det. TDR EDR Start of construction

CEPC EDR Phase: 2024-2027

> CEPC Accelerator EDR starts with 35
WGs in 2024, to be completed in 2027 Tectnca Design Fepor 10

> CEPC Reference Detector TDR will be papae o mas prodacon o dedicns pough GG
released by June, 2025
> CEPC pr0posal Wi” be Smeitted to Construction and installation of accelerator
Chinese government for approval in 2025

CEPC Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Accelerator

Civil engineering, campus construction

New detector system design &

> Upon approval, establish at least two L Tecvion osty Ropo GO
international experiment collaborations S oncommosengwin e

> CEPC construction starts during the 15th S——
five year plan (2026-2030, e.g. 2027)

> CEPC construction complete around
2035, at the end of the 16t five year plan

Further strengthen international cooperation in the
filed of Physics, detector and collider design

Sign formal agreements, establish at least two
international experiment collaborations, finalize

details of international contributions in accelerator

International
Cooperation

H. Yang

Future large circular colliders - Paolo Giacomelli
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Comparison of nggs factories: Circular vs. Linear

R T A R T '
W = T e e T o T T e S

CEPC has strong advantages among mature
e+e- Higgs factories (design report delivered)

Versus FCC-ee

o Earlier data: collisions expected in 2030s (vs. ~ 2040s)

o Large tunnel cross section (ee & pp coexistence)
o Lower construction cost

CEPC Accelerator white paper for
Snowmass21, arXiv:2203.09451

INFN

Istituto Nazionale di Fisica Nucleare

10°F
-z
- == FCC
- —o— CEPC
e B --o= CEPC-Upgrade
i 102 ILC
cE> ; + = ILC-Upgrade
&> B —— CLIC
9 - -4-- CLIC-Upgrade
e B
@ 10:
@) B
= B
E =
S &
—I B
1=
:l | | | | | | | | 1 1 | | |
10° 10°
's [GeV]

Versus Linear Colliders

o Higher luminosity / precision for Higgs & Z
o Potential upgrade for pp collider

14/05/2024

Future large circular colliders - Paolo Giacomelli

H. Yang
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()&t Why circular is better than linear... <R

Istituto Nazionale di Fisica Nucleare

Optimal energy range for SM particles
LEP1 statistics in a few minutes Sharpen and challenge our knowledge of already existing physics S

NV
Detector calibration/alignment atall /s - — - & 4, b@
WW ZH tt S Yex S¢,
| | | % 0 40,
- - | — — Q//& .
| Y, s, %y O
e FCC-ee(2IPs) (~CEPC50 MW)— &, %o %, 9.
Lumi x 1.7 ‘ % Ox. 2o, " 4
® FCC-ee (41Ps) (Lumix 1.7) | % 4 s % 4 /)(g
o ~C3 . ¢ % y e
ILC (TDR, upgrades) (~C3) % S 6//1'/‘ Y Y
CLIC (CDR, 2022) o o op, %y “oy Ve .
. %, St P O3 g
%, Co, & % n O
Y. fon “x 9 O 2
% b ‘e, 2n 2. A
7% %, M, 8 /7
Y Yo o
C~ ‘e e J‘o 96 o,
e %, Ye, 2 S
&y x
(‘/,. Ny
@
&

(250 GeV)

Vs Monochromatisation 100 150 200 250 300 350 400
Unique opportunity for electron Yukawa RDP + in situ

—

Precise and continuous v/s, V/s spread, boost determination

Both with resonant depolarisation (RDP) and with collision events in up to four detectors
Essential for precision measurements

— Motivates the competition
In situ only V'S [GeV] Luminosity is the name of the game

14/05/2024 Future large circular colliders - Paolo Giacomelli 21



() &kelia: FCC-ee Physics programme iNFY

Istituto Nazionale di Fisica Nucleare

'mz, ['z, N, « 0. s(mz) with per-mil accuracy
‘R, Ars *Quark and gluon fragmentation
‘mw, l'w *Clean non-perturbative QCD studies
MHiggs, rHiggs
EW & QCD Higgs couplings
self-coupling
detector hermeticity particle flow o
tracking, calorimetry energy resol.
particle ID

direct searches
of light new physics

(_____—

e Axion-like particles, dark photons,
Heavy Neutral Leptons
e long lifetimes - LLPs

flavour factory
(1012bb/cc; 1.7x10"! zz)

3

7 physics B physics e T
op, | top
*Flavour EWPOs (Rp, AFgP:©) W top couplings
er-based EWPOs oCKM matriX,
elept. univ. violation tests ¢CP violation in neutral B mesons

vertexing, tagging

energy resolution detector req.
hadron identification

momentum resol.

eFlavour anomalies in, e.g., b = szr
tracker

14/05/2024 Future large circular colliders - Paolo Giacomelli C. GrOJean 22



C crcuiae EW observables at the Z

5x1012 ete-—> Z

From data collected in a lineshape energy scan:
» Z mass (key for jump in precision for ewk fits)

» Z width (jump In sensitivity to ewk rad corr)
* R| = hadronic/leptonic width (as(mz?), lepton couplings)
» peak cross section (invisible width, N,)

* Are(uu) (Sin? B¢ , aqep(Mz?), lepton couplings)

14/05/2024 Future large circular colliders - Paolo Giacomelli

-2ANLL

FCC-ee simulation

INFN

Istituto Nazionale di Fisica Nucleare

(s = 240 GeV, 7.2 ab™

2 : ;
> X | % /
1.8 Muon final state Z(u'u-)H (stat. + syst) |
Z IDEA 3(m ) = 4.88 MeV
1.6~ | = IDEA perfect resolution dm)=3.95Mev [
|| —— IDEA 3T 3(m ) = 4.28 MeV
1.4 - | —— IDEA CLD silicon tracker 8(m) = 6.07 MeV |
10 :_\ ..... \\ ............................. T— // / ......................
s %
0.8 :_ ..................................................................................................................................
0.6 E__ ...................................................................................................................................
0_4 E... .................................................................................................................................
™ g | | | | | | i, __ a 1 | | l | | | |
1 94.99 124.995 125 125.005 125.01
m, (GeV)
R. Tenchini, P. Azzi
23



(&t Flavour potential

1012 bb/cc, 1.7x1011 tt

* Rb, Re, Ar(bb), Arg(cC) (quark couplings)
- CKM matrix
« CP violation in neutral B mesons

* Flavour anomalies

INFN

Istituto Nazionale di Fisica Nucleare

Ky = n'n | cos 61<0.95
) ! ! " IDEA -
8 1 __. ..................................................... Hw ..... ....................... =
O I o T
= 5 : -
L 0.8 R R + ..... My + i
8 | +
: g
oC 1 ) RO  HUSRP—. | —————— + ................ +
B* — (K, n°) K + »
o4l i 500
* loose mass cut _ =
- U Kgmass +5 MeV + T:
02 N Ty e peANa) .................... £
-+ Ksmass = 2.5 MeV g
0

l 1 1 1 l 1 l | 1 I 1 1 1 l l 1 1 1 ]
0 500 1000 1500 2000
L,,, of Ks vertex (mm)

Precision of BF measurement as function of the resolution
Various IDEA configuration
0.67 IP 0.83 IP 0.5 Q2

) E

e SV and TV longitudinal smearing : 20 ym . C FCC
*  IDEA improved N, = 6 x 107
n - . 2 . 2 - *  IDEA baseline
» Tau polarization (sin< 6., lepton couplings, aqep(mz |
ell )
04
= .
* much more... 3 Eo ki
0.3 .
*° u
e e i
01{ * | |
4 6
SV anc I TV transve mes i

14/05/2024 Future large circular colliders - Paolo Giacomelli

R. Tenchini, P. Azzi
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14/05/2024

EW observables at W*W-

108 ete- > WW

From data collected around and above the WW threshold:
* W mass (key for jump in precision for ewk fits)

» W width (first precise direct measurement)

* RW = Thad/Tept (0ts(mMz?))

*T'e, Iy, I'; (precise universality test )

» direct CKM measurements (with jet-flavor tagging)
- Triple and Quartic Gauge couplings (jump in

precision, especially for charged couplings)

Future large circular colliders - Paolo Giacomelli

R. Tenchini

Istituto Nazionale di Fisica Nucleare
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FUTURE

Observable present FCC-ee FCC-ee Comment and
value m error Stat. Syst. leading error

myz (keV) 91186700 + 2200 4 100 From Z line shape scan
Beam energy calibration

I'z (keV) 2495200 + 2300 4 25 From Z line shape scan
Beam energy calibration

sin? g (x 109) 231480 + 160 2 2.4 From ALK at Z peak
Beam energy calibration

1/aqep(m3)(x10%) 128952 + 14 3 small From ALL off peak
QED&EW errors dominate

RZ (x10%) 20767 L+ 25 0.06 0.2-1 Ratio of hadrons to leptons
Acceptance for leptons

as(m2) (x10%) 1196 + 30 0.1 0.4-1.6 From RZ
Ugad (x103) (nb) 41541 + 37 0.1 4 Peak hadronic cross-section
Luminosity measurement

N, (x10%) 2096 £+ 7 0.005 1 Z peak cross-sections
Luminosity measurement

Ry (x10°) 216290 £+ 660 0.3 < 60 Ratio of bb to hadrons
Stat. extrapol. from SLD

AII:;’»B, 0 (x10%) 992 &+ 16 0.02 1-3  b-quark asymmetry at Z pole
From jet charge

Ag‘g’r (x10%) 1498 + 49 0.15 <2 T polarisation asymmetry
T decay physics

T lifetime (fs) 2003 + 0.5 0.001 0.04 Radial alignment
T mass (MeV) 1776.86 +  0.12 0.004 0.04 Momentum scale
T leptonic (pv,v,) B.R. (%) 17.38 £ 0.04 0.0001 0.003 e/n/hadron separation
mw (MeV) 80350 = 15 0.25 0.3 From WW threshold scan
Beam energy calibration

I'w (MeV) 2085 1+ 42 1:2 0.3 From WW threshold scan
Beam energy calibration

as(ma; ) (x10%) 1010 + 270 3 small From R}V
N, (x10%) 2020 £+ 50 0.8 small Ratio of invis. to leptonic
in radiative Z returns

Mop (MeV) 172740 + 500 17 small From tt threshold scan
QCD errors dominate

Ciop (MeV) 1410 + 190 45 small From tt threshold scan
QCD errors dominate

)\top/)\f’cl,\g 1.2 £+ 03 0.10 small From tt threshold scan
QCD errors dominate

ttZ couplings + 30% 0.5 — 1.5 % small From /s = 365 GeV run

14/05/2024

EW precision measurements at FCC-ee

Improvement of 10-50 times

compared to LEP

Future large circular colliders - Paolo Giacomelli

INFN

Istituto Nazionale di Fisica Nucleare
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() &hslia Higgs production at an e+e- collider iR

Istituto Nazionale di F

"Higgstrahlung” process close to threshold
Production cross section has a maximum at near threshold ~200 fb

10%4/cmé/s = 20’000 HZ events per year

Z — tagging
of Higgs events

For a Higgs of 125 GeV, a centre of mass energy of 240-250 GeV is optimal
-> kinematical constraint near threshold for high precision in mass, width, selection purity

14/05/2024 Future large circular colliders - Paolo Giacomelli

isica Nucleare

27



(&t Higgs production at FCC-ee <R

Istituto Nazionale di Fisica Nucleare

Higgsstrahlung

g . - ct
FCC-ee S 250|— — e*e’ > HZ —
& N ~—~ WW - H _
72 ab'1@240 GeV g 200:_ — Total _:
~2.7 ab'@365 GeV - \ .
0l — =
100~ -
80;) | ;22!OI | 12:101 | 12201 | 1221301 | 13(I)Ol | 132I0l | 13:10. | lSéOi | I3EIBOI | l4—OO
Vs (GeV)
WW fusion
@%ﬂ@@ FCC-ee FCC-ee
@%%%@ 240 GeV 365 GeV
: Total | Luminosi L 7.2 2.7
Higgs Factory! otal Integrated Luminosity (ab™)
# Higgs bosons from e*e-—HZ 1500000 330000
# Higgs bosons from fusion process 45000 80000

14/05/2024 Future large circular colliders - Paolo Giacomelli 28
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Higgs couplings to Z

INFN

Istituto Nazionale di Fisica Nucleare

= Recoil method provides a unique opportunity for a decay-mode independent measurement

of the

HZ coupling

¢ Higgs events are tagged with the Z boson decays, independently of Higgs decay mode, Mrecoil = MH

¢ Expected precision 0.7% on the ZH cross section

¢ Using only leptonic Z decays and only a measurement at 240 GeV so far

o(ee — ZH) o g&,

Higgs-strahlung

2

recoil —

m

14/05/2024

(Vs — Ew)* — |Puel?

FCC-ee, 5 ab” at {s = 240 GeV

>30000_Tff'|'III]TTTTIIIII L B R L B
8 E --- ZH Signal_
;25000:— (zz -
& 20000 Eww -
s | :
(1) 15000 —

10000~ -

5000~ -

%O 90 100

Future large circular colliders - Paolo Giacomelli

110

140 150 160
Recoil Mass [GeV]
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e Absolute normalisation of couplings (by recoil

INFN

Istituto Nazionale di Fisica Nucleare

method) Coupling HL-LHC  FCC-ee (240-365 GeV)
e Measurement of width (from ZH>Z2Z* and WW>H) 21Ps / 4 1Ps
i kw (%] 1.5* 0.43 / 0.33
® 'y ~ 1%,0mpy ~ 3MeV (resp. 25%, 30 MeV @ HL-LHC) 7 (%] e 0.17 / 0.14
e Model-independent coupling determination and :g[[?;]] 2 -9 ; 0T
] Y 0 5 "
improvement factor up to 10 compared to LHC Kz (%] 10* 10 / 10
. e - . Ke |0] — 1.3 /1.1
e (Indirect) sensitivity to new physics r 1% 5 o 31731
up to 70 TeV (for maximally strongly coupled models) :b [%] ZZ: 053,6;1 ; g“;)G
(6rx = v*/f* & mnp = gxpf) o [% 1.6* 0.66 / 0.55
BRinv (<%, 95% CL) 1.9% 0.20 / 0.15
BRunt (<%, 95% CL) 4* 1.0 / 0.88

14/05/2024 Future large circular colliders - Paolo Giacomelli

C. Grojean
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parameter

collision energy cms [TeV] 81 -115 14

dipole field [T] 14 - 20 8.33

circumference [km] 90.7 26.7
arc length [km] 76.9 22.5 .

beam current [A] 0.5 1.1 0.58 W'th .FCC_hh atter FCC-ee:
bunch intensity [1011] 1 2.2 1.15 significantly
bunch spacing [ns] 25 25 more time for high-field
synchr. rad. power / ring [kW] 1020 - 4250 7.3 3.6 magnet R&D |
SR power / length [W/m/ap.] 13 - 54 0.33 0.17 a'm'”t? at highest possible
long. emit. damping time [h] 0.77 — 0.26 12.9 enersies

peak luminosity [1034 cm-2s-1] ~30 5 (lev.) 1
events/bunch crossing ~1000 132 27
stored energy/beam [GJ] 6.1-8.9 0.7 0.36
Integrated luminosity/main IP [fb-1] 20000 3000 300

rormidable challenges: ~ormidable physics reach, including:

 high-field superconducting magnets: 14 -20 T J Direct discovery potential up to ~ 40 TeV

J power load in arcs from synchrotron radiation: 4 MW = cryogenics, vacuum J Measurement of Higgs self to ~ 5% and ttH to ~ 1%
 stored beam energy: ~ 9 GJ = machine protection d High-precision and model-indep (with FCC-ee input)
1 pile-up in the detectors: ~1000 events/xing measurements of rare Higgs decays (yy, Zy, uu)

d energy consumption: 4 TWh/year 2 R&D on cryo, HTS, beam current, ... J Final word about WIMP dark matter

F. Gianotti
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1010

108
N\

| I || ' 1 | | | ! | | | I 1 | 'I
Light dots: 10° events/H final state I(l=e,u)
i7" -

Mp

(N100 = o100 Tev X 30ab™" & N14 =o0141ev X 3ab™ ")

106

10°

3 | 1

1 I | 1 | I 1 |
-1
N=0(P1u>Prmin) X 20 ab :
Light dots: 10 events/H final state (I=e,u)._
vZ—>y2l

—
—

4] =
I

e | arge rate (> 1019H, > 107 HH)

® unique sensitivity to rare decays
e few % sensitivity to self-coupling

» 1 ® EXplore extreme phase space:

e 2.g.10HwW/pl>1TeV
e clean samples with high S/B
e small systematics

212y 3

106 ) N ‘ — E . ol

Solid: gg—>H - Solid: gg—>

Dashes: ttH >-_ bb | 102 L Dashes: ttH L

Dotdash: WH T ~._. | [ Dotdash: WH :
104 1 l 1 1 1 | | 1 1 | 1 1 l\ .l\ il 101 | 1 1 l 1 'lv | 1 L L 1 1 . 1 bbl 1

500 1000 1500 2000 2000 4000 6000 8000
pT.min (GeV) pT.min (GeV)
14/05/2024 Future large circular colliders - Paolo Giacomelli

cecwar Higgs @ FCC- ! b
ooH (NLO) | VBF (N°LO) | WH (N°LO) | ZH (N°LO) | ttH (N?LO) | HH (NLO)
N100 24 % 109 2.1 x 109 4.6 x 10° 3.3 x 10° 9.6 x 10° 3.6 x 107
N100/N14 180 170 100 110 530 390
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Physics at FCC-hh
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* FCC-hh provides us the broadest exploration potential

 Allows the direct exploration of new physics up 40 TeV

* An order of magnitude increase on SUSY limits compared to HL-LHC

FCC-hh mass reach

Q* —jj

L'y —tt

+
GRS - WW

Z'iy —=1T

' -
L'y — TT

L l [ | ' [ | ' [ | l [ | I

S oéDiscovery'
25 ab’

W30 ab”

1§oo ab”

14/05/2024

||||-i||||i||||i||11i
0 20

1 30 40 50

9 — o, qm, |

Mass scale [TeV
Plot from FCC CDR

SUSY

HH — WW
HH — BB

95% CL Limits
" 14 TeV,0.3ab’

WW = R B 14 Tev, 3 ab
TTW W ELEIE 5 o Discovery
AR 0 100 TeV, 3 ab™
= P B 100 TeV, 30 ab

ey 0 | 3

® 5%

o — o7, o, [

o0 — .ty [

gq — o %, [

0 10 15 20 25

Mass scale [TeV]

Plot from arXiv:1606.00947

Future large circular colliders - Paolo Giacomelli

B bbHY/A? —bbTT
" bbHYA? —bbtt

I t(t)HYA? — ()t

a0.

B bH* —tbTv B LHC 3 ab-!
| tbH* —tbtb B LHC 0.3 ab!

1. 2. & 10. 20.

50. ¢
40.}

30.}

20. t

10.}

tan 8

+«——30 ab-!

—3 ab-!

0.5 i B b4 5. 10. 20.
my [TeV ]

Plot from arXiv:1605.08744 and arXiv:1504.07617
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(& Complementarity FCC-ee & FCC-hh <L
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FCC-hh without ee could bound BRin, but it could say nothing about BRuntagged (FCC-e€
needed for absolute normalisation of Higgs couplings)

< (%) FCC-hh is determining top Yukawa through ratio tth/ttZ
= So the extraction of top Yukawa heavily relies on the knowledge of ttZ from FCC-ee
2 Mangano+ ‘15 _
- B | B ‘[‘f H . 68% a:: ?:fz:/:: :;ob. regions
+ o (¢FH)[pb) o) [pb g e
- 13 TeV | 04T 5o 0 0785 LRI 0606 g T .
. ; N “_0.04%—3.08% . Y _-11.2%—3.12% ’ —3.66%—0.319% 55
00 15 30 456075 100 TeV | 3397TONERRITG oy gineniiantl  su5ilanii0ni
3 Subsequently, the 1% sensitivity on tth is essential -4 e e
to determine h3 at O(5%) at FCC-hh i \ ‘
02} X BN Plots from mid-term report
59Htt/93x

C. Grojean
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(&l The physics we need <R
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Detector hermeticity,
flexibility

Tracking resolution
— 4 (tagging), vertexing
Precision SM M BSM direct N (flavour), jet resolution

Val scarches
, , s Axion-like particles, dark \ |993
o, (with permille accuracy) N
Higgs physics

photons, Heavy Neutral
Higgs width, Higgs to

Leptons, LLPs
| EW factor e s invisible, couplings
rPeaSrCt)llclzjlteiOIrE), HEISEIGE (Z,WW) ’ ) (including self-couplings)
systematics, stability

Quark and gluon fragmentation
NP QCD

N Flavour Physics
Vertexing, Particle - 10! 77: tau-based EW Top physics
1D (tracking,cab) observables, lepton universality

. 102 bb/c¢ pairs: flavour Mg Lo EW tOp

observables, flavour anomalies,
CKM, CP, etc.

14/05/2024 Future large circular colliders - Paolo Giacomelli C. Grojean, |. Vivarelli 35
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()&t Detector concepts fast overview NN

CLD IDEA Noble Liquid ECAL based

5 , | , mesan

Instrumented return yoke

Double Readout Calorimeter

new

27 coil

Si Tracker

Ultra-light Tracker

10m/2

MAPS o

\ LumiCal

Pre-shower counters

12m
11m

E= . ;‘|

< 13 m >
* A bit less established design
* But still 15y history
* Sivitx detector; ultra light drift chamber w
powerful PID; compact, light coil;
* Monolithic dual readout calorimeter;
* Possibly augmented by crystal ECAL
*  Muon system
* Very active community
* Prototype designs, test beam
campaigns, ...

12m/2
* Adesigninitsinfancy
* Sivtxdet., ultra light drift chamber (or Si)
* High granularity Noble Liquid ECAL as core
* Pb/W+LAr (or denser W+LKr)
* CALICE-like or TileCal-like HCAL;
* Coil inside same cryostat as LAr, outside ECAL
*  Muon system.
* Very active Noble Liquid R&D team
* Readout electrodes, feed-throughs,
electronics, light cryostat, ...
* Software & performance studies

< 10.6 m >
* Well established design
* |LC->CLIC detector-> CLD
* Full Si vtx + tracker;
* CALICE-like calorimetry;
* Large coil, muon system
* Engineering still needed for operation with
continuous beam (no power pulsing)
* Cooling of Si-sensors & calorimeters
* Possible detector optimizations
. Gp/p, 0.E/E
 PID(O(10 ps) timing and/or RICH)?

; FCC-ee CDR: https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://arxiv.org/abs/1911.12230, https://arxiv.org/abs/1905.02520 https://pos.sissa.it/390/
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+ New, innovative, possibly more cost-

effective concept

IDEA concept (proposed in FCC CDR)
Innovative Detector for ete- Accelerator
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+ New, innovative, possibly more cost-

effective concept

QA Silicon vertex detector

IDEA concept (proposed in FCC CDR)
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effective concept
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effective concept
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()&t The IDEA detector concept iR
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+ New, innovative, possibly more cost-

effective concept
a Silicon vertex detector

A Short-drift, ultra-light wire chamber

A Dual-readout calorimeter

A Thin and light solenoid coil inside

calorimeter system

» Small magnet = small yoke

2 Muon system made of 3 layers of u-

RWELL detectors in the return yoke

https://pos.sissa.it/390/
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The IDEA detector concept
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+ New, innovative, possibly more cost-

effective concept
A Silicon vertex detector
A Short-drift, ultra-light wire chamber

A Dual-readout calorimeter

IDEA concept (proposed in FCC CDR)
Innovative Detector for ete- Accelerator

Future large circular colliders - Paolo Giacomelli

A Thin and light solenoid coil inside

calorimeter system

» Small magnet = small yoke

2 Muon system made of 3 layers of u-

RWELL detectors in the return yoke

https://pos.sissa.it/390/
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IDEA detector layout

Beam pipe: R~1.2cm

Vertex:
5 MAPS layers
R =1.37-31.5cm
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IDEA detector

Beam pipe: R~1.2cm
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Beam pipe: R~1.2 m

Vertex:
5 MAPS layers
R =1.37-31.5cm

Drift Chamber: 112 layers
4 m long, R = 35-200 cm

Outer Silicon wrapper:
Si strips

Superconducting solenoid coil:
2T,R~21-24m o
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FUTURE

aircuiar Vertex detector: IDEA CINFN
Mid-term review vertex detector overall layout
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.}_‘-" D D T I I 1 D
’ |.. | ............ |
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) ’ | LRr=34,50| 326,3 326,3 -
LR=130,0 “—R=23,7 ! |
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16 Pixel detector/stave T 609,40 ~DISK 2
Power dissipated 1398,1 W DISK 2 —~_ ~——_ - /
......... 1 T 515,00 ~DISK 1 /
P MEDIUM TRACKER=23 Stave DISK 3 T T 326,20 / / 1<
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Layer2: Power dissipated 32,25 W _
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Toyal Power dissipated by the inner tracker:121,76 W 163,10| 163,10
ELEMENTO|QTA NUMERO PARTE DESCRIZIONE 257,5() 257,5—(1)
2 1 |Assieme completo outer tracker struttura triangolare 304,70 304,70 315,30 310,00
3 1 |Assieme completo medium tracker rovesciato |ayout 19 24()7)“ T
A 5 2 |Assieme disco completo 2_1 e Rrogetiatoda Contclatoda [ioprmatoda = Data A
6 1 |Assieme disco 3 1860,00 fbosi 03/04/202
; ; isszzzrmn: g:zz i_l;lIR ]y Istituto Nazionale di Eisica assieme middle outer e inner tracker_2
= Nucleare-Sezione di Pisa Ciiene | o
9 1 |Assieme inner tracker con supporti carbonio=1 A IDEA TRACKER 1/1
I 5 l 7 3 ' . : F Palla
14/05/2024
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Vertex detector: IDEA

Mid-term review vertex detector overall layout

Sezione E-E

OUTER TRACKER

| 652,60 }E

T AL MEDIUM TRACKER
D
INNER TRACKER
— Ty D | | I I D
q . R=34,50| R=23 7 326,3 326,3
_R= = , -
LR=3%5,%)3 o0 1860,00 |E
OUTER TRACKER= N.51 Stave 1240,00
DISK 1 —DISK 3
16 Pixel detector/stave \\ 609,40 DISK 2 !.’
P dissipated 1398,1 W DISK 2 - /
ower dissipate ' _\:-\\ \\\\\ 515,00 DISK 1 .’,.
P MEDIUM TRACKER=23 Stave DISK 3 ~—— 326 20 /
8 Pixel detector/stave T \,\ 32180
Power dissipated 314,64 W Sezione D-D 193,00 :
Inner Tracker: N.3 layer pixel detectors without :
Layer1:N.15 stave of 6 pixel —
o detectors=00 pixel detectors  OUter Tracker SS===—=
Layer 2: N.24 stave of 10 pixel
detectors= 240 pixel detectors — - —-—-—-— i -—-—-— -1 =11 - - TR - - - —- ———
Layer 3 : N.18 pixel detectors stave e
of double 16 pixel detectors=576 pixel detectors I —tm———
Layer 1: Power dissipated 12.1 W 310,00 315,30 Rl R
Layer2: Power dissipated 32,25 W
| Layer 3: Power dissipated 77,41 W
Toyal Power dissipated by the inner tracker:121,76 W 163,10| 163,10
ELEMENTO|QTA NUMERO PARTE DESCRIZIONE 257,5() 257,5?)
2 1 |Assieme completo outer tracker struttura triarjgolare 304,70 304,70 315,30 310,00
3 1 |Assieme completo medium tracker rovesciato |ayout 19 24():—)() T
5 2 |Assieme disco completo 2_1 1240,( F———— PR FP—— Sl Dot
6 1 |Assieme disco 3 1860,00 fbosi 03/04/202
; ; zz:gm: g:zz i’_’;’ﬂR Itituto Nazionale di Fisica assieme middle outer e inrler tracker 2
’ = Nucleare-Sezione di Pisa Edidone | Foglo
9 1 _|Assieme inner tracker con supporti carbonio_1 IDEA TRACKER 1/1
J J 3 N 3 J J 1
14/05/2024

Future large circular colliders - Paolo Giacomelli

INFN

Istituto Nazionale di Fisica Nucleare

Inner Vertex detector:

Modules of 25 x 25 um? pixel size

3 barrel layers at
13.7, 22.7 and 34.8 mm radius

F. Palla
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FUTURE

aircuiar Vertex detector: IDEA CINFN
Mid-term review vertex detector overall layout

- - 0 E
Jone = o o — : Outer vertex tracker:
? AL MEDIUM TRACKER
D | | ID
’ \— INNER TRACKER I .
. | D SS===sse=e=s D Modules of 50 x 150 um~ pixel size
\ o 4 SSe==e-—e—=s 4
10 ESS==s=e=se—eees -+ Intermediate barrel at 13 cm
| = radius (improved reconstruction
c ’LR"E_ﬁ;;gg,sna s o —c l for p; > 40 MeV tracks) |
OUT_ER—TRA,CKER= N.51 Stave OISk 1 1240,00 - DISK 3  Quter barrel at 31.5 cm radius
égvséf-eéiggf;ttgé/i?g\l;1 w DISK 2\_::”‘\-\-\_\_\_ - 56 1(:::) ik 1 O },:"' e 3 disks per side
gipicn gL N Ry S s 1) T
Power dissipated 314,64 W Sezione D-D T !

193,00

Inner Tracker: N.3 layer pixel detectors without .
Layer1:N.15 stave of 6 pixel N e
| detectors=90 pixel detectors Outer Tracker

Layer 2: N.24 stave of 10 pixel 3 ' ] PSS 0
detectors= 240 pixel detectors — -
Layer 3 : N.18 pixel detectors stave LI ===t
of double 16 pixel detectors=576 pixel detectors >

Inner Vertex detector:

Layer 1: Power dissipated 12.1 W 310,00 315,30 e e e
Layer2: Power dissipated 32,25 W '

Layer 3: Power dissipated 77,41 W

Toyal Power dissipated by the inner tracker:121,76 W

ELEMENTO|QTA NUMERO PARTE DESCRJZIONE 257,5() 257,§?)

3 barrel layers at
2 1 |Assieme completo outer tracker struttura triarjgolare 304,70 304,70 315,30 310,00 "
Assieme completo medium tracker rovesciato |ayout 19 = T - 1 3 . 7 y 22 . 7 a n d 34 . 8 m m rad I U S
Assieme disco completo 2_1 1240,00 ro——

Rrogatiato da Controllats Ao da Data L Data A
Assieme disco 3 1860,00 fbosi 03/04/202
Assieme disco 3_MIR Ny Istituto Nazionale di Eisica assieme middle outer e inner tracker_2
Assieme disco 1_1 '

Nucleare-Sezione di Pisa Edizione | Fogho
Assieme inner tracker con supporti carbonio=1 IDEA TRACKER 1/1
l 5 J 3 i\ 3 | | I

Modules of 25 x 25 um? pixel size

163,10| 163,10

O R[N |Ww
= N b = [N [

F. Palla
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FUTURE

O %% Vertex detector: IDEA (N

Istituto Nazionale di Fisica Nucleare

Depleted Monolithic Active Pixel Detectors

* Inner Vertex (ARCADIA based):
 Lfoundry 110 nm process
« 50 um thick
»  Dimensions: 8.4 x 32 mm?

 Power density 30 m\W/cm?
100 MHz/cm?

 Outer Vertex and disks (ATLASPIX3 based)
« TSI 180 nm process
850 um thick |
*  Module dimensions: 42.2 x 40.6 mm? e TN
»  Power density 170 mW/cm? (B o
+ Up to 1.28 Gb/s downlink 1 & £ %

,n...h. ‘ !‘- 2

g Data IN/OUT

|

T,
l

$ o iy
TN AL R
o LW

‘. “

p TR

ooy 357 |V
vy -

. T YTV B

.'\.'_._...;. ..........

.......

See talk by F. Palla for more details on the vertex tracker F. Palla
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C creuiae \fertex detector: IDEA
General integration

F. Palla
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() &hsliax Momentum measurement iR

Istituto Nazionale di Fisica Nucleare

pt
N ptMu pt
'3600— Entries 20012 SV
> 5 Mean 38.1 ‘\"_‘450-_, ,
8 - OMS 16,58 ) - Entries 20002
= r -~ > C |ZH (H% MM) Mean 51.68
Q O 400 RMS 19.3
2%r 5" E [Muon p
- Q_ —
© o) — t
: ZH (Z>uw) = 350F
300} Muon pt 300
- 250~
200 —_ 200 :—
i 150
100} 100
i 50
0lllllllllllllllllllIllllIlllllllllIlllllllllllll O_
0 10 20 30 40 50 60 70 80 %0 1 ?0 0 10 20 30 40 50 60 70 80 90 100
P, [GeV/c P, [GeV/c
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() &hsliax Momentum measurement CINFN

Istituto Nazionale di Fisica Nucleare

,? :"""'PE'EK""HHHIllllllllllllllll|llll:
o= o] = PCB i
e : (S;illicoEn bond45 t

o B ueccopon 1
X 8 Ea ton ) t
> - ohace T P
s 7E Water Jﬁ; L Pt
O n CarbonFiber 1 [F o490 KN Entries 20002
O) n CarbonFleece T > E |ZH (H Mean 5168
'g 0 = = Aluminum ©.400E ( i) RMS 19.3
re - - IDEA CDR Vertex & . E [Muon pt

5 - < -

g 4 - 300
% - 250 ;—
2 3 o 200 f—

24 - BT Foi AL 150
100
50
OO 0.102030405060.70.809 1 o b b s Lo bos b o b oo o b

COS (e) P, [GeV/c]
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0

Material budget x/X [%]

14/05/2024

Momentum measurement

4+ Z or H decay muons in ZH events have rather low pt
* Transparency more important than asymptotic resolution

IllllllPEiEKlllllllllll 1 I IR Illllllll:
mm PCB in
Silicon

GlueEcobond45

Kapton

Rohacell

Water

CarbonFiber

mm CarbonFleece :
Em Aluminum H
----- IDEA CDR Vertex '

W & O OO N O O

> -
---- "
- -

N

OO 0.102030405060.70809 1

cos(6)

0.005

0.0045

0.004

0.0035

0.003

0.0025

0.002

0.0015

0.001

0.0005

0

Gpt/ pt

Track angle 90 deg.
IDEAMS
---- |IDEA
- IDEA No Si wrapper
CLD

- —--—- CLD MS only

only

i

-
——
-

—_— e — e — — e = e g — e — — — — —————— — — — — — — — —

90 degree

|Illl|llll IIII|III,I\|Illllllll|llll|llll|llll
|

- — e — e e e e — e — — e — — e — — e — — — — — — — — — — — — — — — — —

I
0 20 40 60 80 100

Future large circular colliders - Paolo Giacomelli

INFN

Istituto Nazionale di Fisica Nucleare
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+ IDEA: Extremely transparent Drift Chamber

Drift chamber

INFN

Istituto Nazionale di Fisica Nucleare

A Gas: 90% He — 10% iC4H10
02 Radius 0.35-2.00 m
a Total thickness: 1.6% of X, at 90°

Q All stereo wires (56448 cells, 343968 wires)
* Tungsten wires dominant contribution
0 112 layers for each 15¢ azimuthal sector

2 max drift time: 350 ns

14/05/2024

Future large circular colliders - Paolo Giacomelli

IDEA DC
0.20 m

0.045 X,

0.050 X,

Front Plate

inner wall 0.0008 X,

Gas: 90% He, 10% iC4H,,

B (FEE included)
0.016 X _ active area
r=2.00m
112 layers | 9-14°
12-15 mm cell width
N\ _— r=0.35m
Z-axis
56,000 cells | .| . ]
340,000 wires
(0.0013+0.0007 X,/m) PR e 1
wires Bas
outer wall[0.012 X, el
z=2.00m T
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Q crcuiar  Drift chamber

112 layers
12-15 mm cell width

NL_—

service area
E (F.E.E. included)
_ active area

\/
0‘0
N/
0‘0
0.20 m
0.045 X,
0.050 X,
inner wall 0.0008 X,
0.016 X,
to barrel calorimeter
0.050 X,
to end-cap calorimeter
14/05/2024

56,000 cells
340,000 wires

(0.0013+0.0007 X,/m)

wires gas

outer wall 0.012 X,

z=2.00m

F=2.00m
v=14°
r=0.35m
Z-axis

tracking efficiency
e=x1
for O > 14° (260 mrad)
97% solid angle

INFN

Istituto Nazionale di Fisica Nucleare

Gas envelope

Future large circular colliders - Paolo Giacomelli

“zipping”
layers
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O &% Drift chamber <

% 90% He - 10% C,H;( — All stereo — o ~ 100 um

*** Small cells, max drift time ~ 350 ns

-
. -

-
-

el
— — -
= T S O . e e "
“" ¥, o — - v . =
8 ~—
- ~ =
f""‘r-‘ - . ¢ - ==
- - 4
o e - = =
4 - -
..:.. - . o~ —
" Tadgr. e
- e - e
o : 4 -
- y = . -
° >
P : -~ - - :
- — - - ————y
o e * .'.' > - «
1 -
el W R o

et . S

Based on MEGZwevxperience
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+ In general, tracks have rather low momenta (p;= 50 GeV)

2 Transparency more relevant than asymptotic resolution

Drift chamber

INFN

Istituto Nazionale di Fisica Nucleare

+ Drift chamber (gaseous tracker) advantages

a Extremely transparent: minimal multiple scattering and secondary interactions

A Continuous tracking: reconstruction of far-detached vertices (K%, A, BSM, LLPs) =»

Q Qutstanding Particle separation via dE/dx or cluster counting (dN/dx)

+>30 K/m separation up to ~35 GeV

14/05/2024

10°

@ -
§ 14 3 -time of flight
= - dN/dx
> 120 S e combined
» -
10— i dN/dx from Garfield++
B— :
6 '
A
S, B SRR VN — A —
2~ .
0— | I I | | | | S I I I | 1 I |
1 10
Momentum [GeV/c?]

Future large circular colliders - Paolo Giacomelli

eHrec
Entnes 9566
00 Detectors: M‘;{r:l? 126 .4
e RMS 2341
800 Black = _ l%eé:‘ - RMS 2372
mpE Ideal pT — CLD
600 meas. f
._ |
- |
400 :
I!'
& I| 1
| ~
100 ', -
: ,r‘ T e e b — .
% 122 124 126 128 130 132 T34
/ GeV
o pt
0.005 Track angle 90 deg.
E IDEA
0.0045— - - -~ IDEA MS only
e IDEA No Si wrapper
= CLD
0'004: -~~~ CLD MS only .
0.0035— -
: L
0.003} e
- //
- -
0.0025 == rmnrrernr s spfanrr e snrresf e mnry
0.0021
0.0015
: 90 degree
0.001—
0.0005
O - | | | I | | | ] | | | | | | | l | | | I |
0 20 40 60 80 100
pt (GeV) 45

Higgs recoil mass




() &hsliar Resistive LGAD iR

Istituto Nazionale di Fisica Nucleare

oo
* DC contact
C pad n.1 AC pad n.2 AC pad n.3
> Match time and position resolution N coupling
RSD resistive n* p™-gain N
p-Si

ntTt -stop n'T

;p ptt
traditional Ep+-gain !\ /! 11f”-gainE

LGAD JTE v
w?

100 - 200

Spatial resolution for pixels with different Metal-Pitch

. . . timeresweight3hit
as a function of signal amplitude 80 - Entrios 454
60 r - Mean -5.784e-13
® ® 200-500 20 - Std Dev 5.728e-11
50 - x2 I ndf 352.3/16
— M - il Prob 0
€ 40 | 100-200 OF ~44 S Constant 80.87 = 0.63
2 = Mean-3.028e-12 + 3.889¢-13
c _ 6. A 50-100 SO Sigma 4.369e-11 + 3.945e-13
= 30 -
2 Q.. 40 -
o ‘-...-.., —
o 20 n
10 F .. - -
...-....-....-.............-A .............. ! ,,,,,,,, ‘ ::::::::::::'_;:-.:;..........,.,.,.,"”..”.”””" 20 -
o 1 1 1 1 1 1 ] 10 :_
0 20 40 60 80 100 120 140 - .
: - : %10
Ammede [mV] -00.5 0.4 03 0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
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() &hsliar Resistive LGAD NN

Istituto Nazionale di Fisica Nucleare

N/

%°* DC contact
AC pad n.1 AC pad n.2 AC pad n.3

™ _coupling
oxide

> Match time and position resolution

o« 4o -+ -
2 QN resistive n* p'-gain

Very attractive option for timing 1n S1 wrapper region

Cost reduction 1s major area of R&D

Some “fast” devices also prototyped by Arcadia group
100 - 200

Spatial resolution for pixels with different Metal-Pitch

i ight3hit

as a function of signal amplitude 80 - Entrieslmereswelg I 454

60 r - Mean -5.784e-13

© © 200-500 70 - Std Dev 5.728e-11

50 | C x2 / ndf 352.3/16

— - il Prob 0

E 40 | _. " 100-200 O ~44 N Constant 80.87 = 0.63

= C Mean-3.028e-12 = 3.889e-13

c & A 50 - 100 = Sigma 4.369e-11 = 3.945e-13

2 30 f : g
2 ® 40 |—
ol . " =
LT P Y SRR . ,,,,,,,, A ::::::::::::::.'.'.';.'.°".°.’.°.'."””"N’.-u:o" 20 -

0 10 [~

0 20 40 60 80 100 120 140 - .

- x10

Amplitude [mV]

—%.5 0.4 -03 0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
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()&t Superconducting solenoid NN

Istituto Nazionale di Fisica Nucleare

¢ Ultra light 2 T solenoid:

> Radial envelope 30 cm

> Single layer self-supporting winding (20 kA)

P Cold mass: X,=0.46, .= 0.09
> Vacuum vessel (25 mm Al): X, =0.28

P Can improve with new technology

@ Corrugated plate: X, =0.11
¢ Honeycomb: X, = 0.04

A'A'A'A'A'A'Al'A'A'A'A'AVA'A‘A‘

C: Static Structural
Figure

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
23/11/2016 11:25

. 398.34 Max
145

124.58
104.15
83.729

—— 63.306

—— 42.882
22.458
2.0349
0.23492 Min

Interest from Genova (in synergy with DUNE) on alternative superconducting magnets like MgB:

14/05/2024
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O .
e e e e Cherenkov fibers =
~2m long capillaries (mm = &

Dual Readout Calorimetry

Alternate

0L e e e el) Scintillating fibers

14/05/2024

Newer DR calorimeter
( bucatini calorimeter)

[sesssssnssancsss

e e
e

1

Scintillation fibes

Future large circular colliders - Paolo Giacomelli

LA X LY

R AR L L LTI
AR AL ETTY

marh A AT FT I T

°
AR AL L L LT T A
A XTI Y
e AL LT T

Cherenkov fibers

INFN

Istituto Nazionale di Fisica Nucleare
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Istituto Nazionale di Fisica Nucleare

COLLIDER

(&5t Dual Readout Calorimetry

Alternate

O .
@ eV e e e e Cherenkov fibers - B2
OROORGLOROLOR@ION@ION®E Scintillating fibers ~2m long capillaries | s EiE =

¢ Measure simultaneously:
> Scintillation signal (S)

> Cherenkov signal (Q) Newer DR calorimeter

( bucatini calorimeter)

[sesssssnssancsss

F::....QOQOQOOOO

AXIr

RAA A $80%00000ee
AR AL ETTY

marh A AT FT I T
o

AR AL L L LT T A

Pt

1

Scintillation fibes

Future large circular colliders - Paolo Giacomelli

Cherenkov fibers
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INFN

C crcuiae Dual Readout Calorimetry

COLLIDER

Alternate

@ eV e e e e Cherenkov fibers = -
00U e e /e Scintillating fibers ~2m long capillaries | mm: e =°

¢ Measure simultaneously:

> Scintillation signal (S)
Newer DR calorimeter

> Cherenkov signal (Q)
% Calibrate both signals with e- ( bucatini calorimeter)

'OOQ,OOQQOOOOOCOO
’fQQCOQOOOQQOQOO
0000000000000000
00..00.000000000
000'000.000000..
..0.....0......0

f

Scintillation fibers Cherenkov fibers

14/05/2024 Future large circular colliders - Paolo Giacomelli



COLLIDER

INFN

()&l Dual Readout Calorimetry

Alternate

@ .
@ e e e Cherenkov fibers - //
~2m long capillaries | v & =

Olel0eloleloleOle e

¢ Measure simultaneously:
> Scintillation signal (S)
> Cherenkov signal (Q)
¢ Calibrate both signals with e-
% Unfold event by event f,_, to obtain

corrected energy

14/05/2024

Scintillating fibers

Newer DR calorimeter
( bucatini calorimeter)

'.............COO
AR LE Y )
9 Ad AR AT FT I Y

,; ioseeeseeeiils

Scintillation fibers Cherenkov fibers

Future large circular colliders - Paolo Giacomelli
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COLLIDER

INFN

()&l Dual Readout Calorimetry

Alternate

@ .
@ e e e Cherenkov fibers - //
~2m long capillaries | v & =

0L e e e el) Scintillating fibers

¢ Measure simultaneously:
> Scintillation signal (S)
> Cherenkov signal (Q)
¢ Calibrate both signals with e-
% Unfold event by event f,_, to obtain

corrected energy

S = E[fem + (hle)g(1 _fem)]
C=Elf,, + (hle)(1 —L,)]

S—yC 1 —(h/e)g

E - with: Y =
1 —y 1 —(h/e)¢

14/05/2024

Newer DR calorimeter
( bucatini calorimeter)

'.............COO
AR LE Y )
9 Ad AR AT FT I Y

,; ioseeeseeeiils

Scintillation fibers Cherenkov fibers

Future large circular colliders - Paolo Giacomelli
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ter

iIme

Dual Readout Calor

FUTURE
CIRCULAR

COLLIDER

Ist

ter

iIme

Full GEANT4 implementation of the DR calor

2%

O

@

49
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() &kl Dual Readout Calorimeter iR

Istituto Nazionale di Fisica Nucleare

«— Energy (GeV)

250 100 50 20 10 5 < Energy (GeV) 150 100 70 50 30 10
0.1 0.3 T T T T T T
L T | | | W B T
© N © B
0.09 _ sgintillation - — Scintillation
008 = — Cherenkov 025— — Cherenkov
~ E  — Combined % - — Combined
0.07F - HAD
— 02 — >
0.06 -
0.05 015 — . g o 31% 0 4(7
— : - - — - I . O
0.04 R E \/ F
; 0.1 =
0.03F - ---:;_s/.zf.-f
= | - — e —
0.02F .2 -
- | % 0.05(— pver—"
0.01E -
0 — ] ] ] ] I ] ] ] 1 | ] ] | ] | ] 1 ] ] | ] 1 ] ] | L1 ] ] 0 1_ | | | | | | | | | | | | | | I | I I | I I I I | ' I '
0 0.1 0.2 0.3 0.4 05 | 0.6 0.1 0.15 0.2 0.25 03
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14/05/2024 Future large circular colliders - Paolo Giacomelli 49



FUTURE
CIRCULAR
COLLIDER

Layout overview

14/05/2024

Crystal ECAL with DR calorimeter

INFN

Istituto Nazionale di Fisica Nucleare

Timing layers
0 LYSO:Ce crystals (~1X,)
0 3x3x60 mm? active cell

0 3x3 mm? SIPMs (15-20 um)

ECAL layers « o™ /E~3%NE —
0 PWO crystals

o,~20ps —

e Transverse and longitudinal segmentations optimized for
particle identification and particle flow algorithms
e EXxploiting SIPM readout for contained cost and power budget

 SCEPCal

Front segment (~6X0)

Rear segment (~16X,)
10x10x200 mm?® crystal

ox5 mm? SIPMs (10-15 um)

Cc © © C

Ultra-thin IDEA solenoid
O ~0.7X0

HCAL layer « 0"°/E~26%E

-

Solenoid

o  Scintillating and “clear” PMMA fibers

(for Cherenkov signal) inserted
Inside brass capillanes

i

1X, 6X,

Ll

\.

Brass capillary
ID=1.10 mm,
OD =2.00 mm

Dual-readout HCAL

Scintillating fibers
@ = 1.05 mm

Cherenkov fibers
@ =1.05mm

~1A, 0.16A

Future large circular colliders - Paolo Giacomelli

M. Lucchini
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cireuiar Crystal option INFN
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PWO crystals
EM segments

2.00m

LYSO crystals 3
Timing segments |

—-——-
_-‘
—
- "= -
- -
—
— -
-
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14/05/2024

Crystal option

Ix1x5 cm3
PbWO

Future large circular colliders - Paolo Giacomelli

IxIx15 cm3
PbWO

INFN

Istituto Nazionale di Fisica Nucleare
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C crcuiae Crystal option

% ~20 cm PbWO,

o Opy < 3%/\5’?
* DR w. filters
* Timing layer
> LYSO 20-30 ps

* PF for jets

14/05/2024

INFN

Istituto Nazionale di Fisica Nucleare

Ix1x5 cm3
PbWO

Future large circular colliders - Paolo Giacomelli

IxIx15 cm3
PbWO
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FUTURE

C sircuiar Crystal option
’:’ ~20 cm PbWO4

% Opm = 3%/\@
DR w. filters
* Timing layer

> LYSO 20-30 ps

* PF for jets

= ECAL layer:
= PbWO crystals
= front segment 5 cm (~5.4 X))

= rear segment for core shower
o (15 cm ~16.3 Xo)

= 10x10x200 mm? of crystal

14/05/2024

0.1

0.08

0.06

0.04

0.02

Jet resolution

- o - |IDEA w/o crystals
—eo— w/ crystal DRO

—e— W/ crystal DRO+pPFA
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(&l Preshower and muon detector <R

Istituto Nazionale di Fisica Nucleare

Preshower Detector Muon Detector

High resolution after the magnet Identify muons and search for LLPs
to improve mt/et and 2y separation

Efficiency > 98%
Space Resolution <400 um
Mass production
Optimization of FEE channels/cost

Efficiency > 98%
Space Resolution < 100 um
Mass production
Optimization of FEE channels/cost

Barrel Preshower

Detector technology: n-RWELL

50x50 cm?2 2D tiles to
cover more than 1650 m=

| [ Preshower Muon
Similar design for pitch = 0.4 mm pitch = 1.2 mm
- , the Muon detector FEE capacitance = 70 pF FEE capacitance = 220 pF
Similar design for . .
1.3 million channels 5 million channels

the Muon detector
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O &% u-RWELL technology <L

Istituto Nazionale di Fisica Nucleare

LNF

The u-RWELL is composed of only two elements: INFN rermana
- uw-RWELL PCB

 drift/cathode PCB defining the gas gap

Cathode PCB

Copper 5 um

u-RWELL PCB = amplification-stage @ resistive stage

® readout PCB o e @
S50 um | Drift gap
u-RWELL operation: \ | |

* A charged particle ionises the gas between the two 5}5 g 4 e {n)
detector elements i 1L
- Primary electrons drift towards the u-RWELL PCB s Py 7
(anode) where they are multiplied, while ions drift to Rigid PCB
the cathode Siechons

* The signal is induced capacitively, through the DLC
layer, to the readout PCB

* HV is applied between the Anode and Cathode PCB
electrodes

* HV is also applied to the copper layer on the top of
the kapton folil, providing the amplification field

(*) G. Bencivenni et al., “The micro-Resistive WELL detector: a compact spark-protected single
amplification-stage MPGD”, 2015_JINST_10_P02008)

S5um Cu

50 um Kapton®

0.5-0.7um DLC
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()&l Status of Simulation of IDEA concept <R

FASTSIM Delphes IDEA card used for
performance studies FCCSW
Very sophisticated compared to default.

(calorimeter+Drift chamber) l Latest additions: Vertexing, LLP, PID, dN/dx, dE/dx

of-
-1000:

¢

v

-
Y o

-

2000 —

_3000.1.1.1.1.1;1.1111111111.1.1.1.1.1.1.
-4000 -3000 -2000 -1000 0 1000 2003 3000
Z

FULLSIM: standalone GEANT4 description

- Fully integrated geometry

- Output hits and reco tracks converted to
EDM4HEP

- Ready for PFlow development and other
reconstruction frameworks/algorithms (ACTS,

Pandora etc) in FCCSW
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()&t FCC-hh detector concept iR

Istituto Nazionale di Fisica Nucleare

» pp collisions at Vs > 100 TeV, luminosity up to 3 x 1035 cm=2s-1 (up to 1000 pileup events)

» Central detector houses tracking, e.m. and hadron calorimetry inside a 4T solenoid with a free bore of
10 m diameter

* Forward parts are displaced by 10m from the interaction point, with two forward magnet coils

* The muon system is placed outside the magnet coils

* Overall length ~50m, diameter ~20m

- No field return yoke for FCC-hh reference detector
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()&t Progress on international collaboration NN

? = : 26 April 2024
Joint Statement of Intent between The United States P

of America and The European Organization for

Istituto Nazionale di Fisica Nucleare

White House Office of Science and

l h N DI N f Technology Policy Principal Deputy U.S.
Nuclear Researc ANE N\ N =SNG 2 Chief Technology Officer Deirdre Mulligan

Large Research Infrastructure Facilities, Advanced signed for the United States while

Scientific Computing, and Open Science Director-General Fabiola Gianotti signed
 The United States and CERN intendto: | £5r CERN.

¢ Enhance collaboration in future planning activities for large-scale, resource-intensive facilities with
the goal of providing a sustainable and responsible pathway for the peaceful use of future

accelerator technologies;

¢ Continue to collaborate in the feasibility study of the Future Circular Collider Higgs Factory (FCC-ee),
the proposed major research facility planned to be hosted in Europe by CERN with international
participation, with the intent of strengthening the global scientific enterprise and providing a clear

pathway for future activities in open and trusted research environments; and
¢ Discuss potential collaboration on pilot projects on incorporating new analytics techniques and

tools such as artificial intelligence (Al) into particle physics research at scale.

Should the CERN Member States determine the FCC-ee is likely to be CERN's next world-leading

research facility following the high-luminosity Large Hadron Collider, the United States intends to

collaborate on its construction and physics exploitation, subject to appropriate domestic approvals.
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¢ AHiggs factory was singled out as a top priority in the last European Strage document
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(& Conclusions NN

14/05/2024

Istituto Nazionale di Fisica Nucleare

¢ AHiggs factory was singled out as a top priority in the last European Strage document
¢ A circular machine has several advantages compared to a linear collider
¢ Two circular colliders are proposed: FCC-ee (and later FCC-hh) and CEPC (and later
SPPC)
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14/05/2024

Istituto Nazionale di Fisica Nucleare

¢ A Higgs factory was singled out as a top priority in the last European Strage document
¢ A circular machine has several advantages compared to a linear collider
¢ Two circular colliders are proposed: FCC-ee (and later FCC-hh) and CEPC (and later
SPPC)
¢ FCC-ee will be a fascinating machine, allowing to achieve unprecedented precision on EW

measurements and Higgs couplings
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circuiar - Conclusions o

¢ AHiggs factory was singled out as a top priority in the last European Strage document

¢ A circular machine has several advantages compared to a linear collider
¢ Two circular colliders are proposed: FCC-ee (and later FCC-hh) and CEPC (and later

SPPC)
¢ FCC-ee will be a fascinating machine, allowing to achieve unprecedented precision on EW

measurements and Higgs couplings
¢ The FCC integrated program provides a fantastic future scientific program for CERN

for the next 60-70 years
¢ This would secure and keep the world leadership in particle physics in Europe

The IDEA detector concept could be an excellent choice for one of the FCC-ee IPs

¢ We are living in very interesting times, especially for our young collaborators

¢ Lots of possibilities for German colleagues to join FCC-ee and IDEA and contribute to

all these developments!!
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(&l Vertex detector mechanical integration NN

Istituto Nazionale di Fisica Nucleare

 Vertex design based on:
 ARCADIA mner 3 layers 6

| S | 4 ¢ 3 | 2 | 1
[ ]
B Air cooled |
[

[ i
<
|B

ELEMENTO QTA NUMERO PARTE DESCRIZIONE o
1 6 |detector pixel 32.2x8.4 Silicon
2 2 |hibrido di controllo 8.4x12 Stesalite
3 4 |bus layer 1 modificato piatto stretto|Kapton+ Al
4 1 |costola layer 1 M46]+Rohacell
5 1 |piattina carbon fiber layer 1 stretta |M46J
) Controlato da [Approvato da Cata Data A
23/12/2022
Istituto Nazionale di Fisica lksieme modulo finale layerl piatto bus strettp
Nucleare-Sezione di Pisa IDEA-Inner Tracker 171

3 I P | 1

NN
= AN
/ 7[ .“‘{‘%&\NJ"”“

\

0.2 mm
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FUTURE

aireuiar - Vertex detector mechanical integration INFN

Istituto Nazionale di Fisica Nucleare

 Vertex design based on:

 ARCADIA mner 3 layers
B Ai1r cooled

» AtlasPix3 outer 2 layers/disks

B Liquid cooled
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(&l Vertex detector mechanical integration iR

Istituto Nazionale di Fisica Nucleare

 Vertex design based on:
 ARCADIA mner 3 layers

B Air cooled - —

« AtlasPix3 outer 2 layers/disks AP

B Liquid cooled

L\

T
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e A e S o
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B o T T g™ P ?T-l-.‘,. A R e
P T e SN | e ¥ R
g~ AR i R0 i S
L A , e R - ) o men . N -~
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X RLE e O e A o e b T4 - e
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R 'k : = e - o o e
o SRERLL LT S BP9 Vi e
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(&l Vertex detector: IDEA NN

Istituto Nazionale di Fisica Nucleare

Max Temperature of Sensors

55 T —a— Air, Din = 6mm

AIR COOLING CONCEPT

45 1} —e—Helium, Din = 6mm

Max Temperature [°C]

15 ——+——+——
00 02 04 06 08 10 12 14 16 18 20
Mass flow inlet [g/s]

» Cooling method: longitudinal air flow along the the detector.

» Temperature of air: T, = 15°C o
C. Turrioni
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O &5 Crystal ECAL with DR calorimeter

INFN

Istituto Nazionale di Fisica Nucleare

reflective foil courtesy
of Y.Lal
mY—yy events
YY
* S / himageE1_pi0_ene10.0GeV \
i o
| I ]
Rear crystal ECAL segment: -
. 2 SiPMs with optical filters 2 SiPMs 24
e E e T optimized for scintillation and e :
gle 5x5 mm?* SiPM per crystal cherenkov detection re 2
optimized for scintillation light detection SP- 2
g
Event display "
\_
Z—jj, B=2T Crystal
4000 section
2000 ‘. /é
) - 2 /
. —_
0 ‘ / - T —
o
/ '\

7

Jet resolution

Sensible improvement in jet resolution using dual-readout information combined
with a particle flow approach — 3-4% for jet energies above 50 GeV

14/05/2024
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M. Lucchini
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(&t Cluster counting (NN

Istituto Nazionale di Fisica Nucleare

 Cluster counting 2x better than dE/dx onizing

track

> Poisson vs . Landau = no large tails drift tube

* Sample signal few GHz = on detector electronics R&D

counting peaks

Lowvan Test beam data 2022
Savitzky-Golay
- ’» Novosibirsk ¥ second derivative . . .
s ! Number of Cluster Distribution
OPM. \\w.,,.,___. o N, o N Cluster Peaks found - Ch 6 i,
| Louvain MU= 16.46 £ /od 26.(1)%3;
‘ Lecce CWT ) c= 4.03 Normalisation 536.12 23.2
xﬁu"u Expected Cluster: 17.6
“ | % Track Angle: 45°
oo’ P b, . 1 .
0 0 200 300 400 S0 ‘ { | He:|SOB(90/10), 0.8 dl‘lft
08/02/2022 FCC Physics Workshop - FG
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FUTURE

()&t DR calorimeter NN

Istituto Nazionale di Fisica Nucleare

** International collaboration:
> TTU (USA), Sussex (UK), several universities (Korea — 2 M$/5 yr), Chile

> Princeton, Maryland (USA), CERN for crystal extension
* EM prototype built and tested on beams (DESY/CERN)
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()&t DR calorimeter (NN

Istituto Nazionale di Fisica Nucleare

ALY

s
> TTU (USA), Sussex (UK), several universities (Korea — 2 M$/5 yr), Chile
> Princeton, Maryland (USA), CERN for crystal extension
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C crcuiae DR calorimeter
AR

2
> Hidra2 call INFN CSN5

Hadronic-size prototype:
16 modules w/ highly granular core

~ 65 x 65 x 250 cm?

14/05/2024

highly granular core:
10240 fibres to read out with SIPMs

Future large circular colliders - Paolo Giacomelli

1 Module: 5 MMs
~ 13 x 13 cm?
5120 fibres

1 MiniModule:
64 x 16 = 1024 fibres in total
(512 S +512 C)

INFN

Istituto Nazionale di Fisica Nucleare

65



FUTURE

cireutar PR calorimeter INFN

Istituto Nazionale di Fisica Nucleare

¢ Full containment hadronic prototype in progress
> Hidra2 call INFN CSN5
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() &klia DR calorimeter (NN

Istituto Nazionale di Fisica Nucleare

¢ Full containment hadronic prototype in progress

> Hidra2 call INFN CSN5
21EM + front- The Mini-Module
end board

—

s —
e

Grouping board

1 readout board serves 64
front-end boards with grouping
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