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Future High Energy Physics projects with INFN involvement

° High Luminosity LHC e The Muon Collider
* ATLAS and CMS phase 2 upgrades  Electron lon Collider
* LHCb phase 2 upgrade

* The neutrino platform at FNAL
e ALICE phase 2 upgrade

e Short neutrino Baseline (SNB)
¢ The Future CifCUlar CO"ider (FCC) ° Long neutrino Baseline (LNB)

* FCC-ee

e Hyper Kamiokande (HK
e FCC-hh P ( )

Smaller scale projects: AMBER, BELLE 2 upgrade, HIKE, LUXE, MEG2, MUZ2E, NA60+, etc.

(approved, under discussion)



Events / 1.25 GeV

* From the European Strategy for Particle Physics:
The full physics potential of the LHC and the HL-LHC,

including the study of flavour physics and the quark-

gluon plasma, should be exploited.
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HL-LHC: the near future

upgrade of injector chain to new interaction region layout and

deliver brighter bunches crab cavity

LHC HL-LHC
Start of Run3!

>10x the statistics of
the LHC still to be

collected! i
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HL-LHC experimental challenges

* High luminosity => 200 soft pp interactions per crossing

* Increased combinatorial complexity, rate of fake tracks, spurious energy in calorimeters, increased data volume to be read out in each event

* Detector elements and electronics are exposed to high radiation dose : requires new tracker, endcap calorimeters, forward muons, replacing

readout systems

* Planned detectors shown to be able to successfully operate at the HL-LHC
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Roughly reaching limits of current techniques in several
systems
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Detector answers to the HL-LHC challenge

Example: ATLAS Tracker

Simulated Vertices

t (ns)

3D Reconstructed Vertices

Improve granularity

€«<— 5cmRMS —

Add timing information

+ radiation hardness




ATLAS and CMS upgraded detectors (phase 2)

ATLAS Detector Upgrade Fo——

coverage and trigger

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Upgraded Trigger and S, R :_\
Data Acquisition system: ‘ (UG =
o LOrate: 1 MHz

o EventFilter: 10 kHz

NEW endcap
high -
granularity

y / timing detector

Upgraded electronics:

Liquid Argon Calorimeter,
Tile Calorimeter, ‘/ '
Muon system / |

| NEW all-silicon Inner Tracker,

Toroid Magnets ~ Solenoid Magnet coverage Up tO |n|: 40

Main INFN INVOLVEMENTS:
e Tracker (ITK)

* Liquid Argon Calorimeter
* Tile Calorimeter

« MUON

« TDAQ

Upgraded Trigger and = = -
Data Acquisition system: @

P barrel calorimeters
and muon system

C MS DeteCtor U pg rade Electronics upgrade:

Add tracks at L1
(1 MHz) | y /
High Level Trigger : NEW MIP timing
output 7.5 kHz , < detector
ol i N S precision timing
for pileup
mitigation

NEW Inner Tracker, coverage up
to |n|= 3.8, reduced material

MAIN INFN INVOLVEMENTS:
* Tracker (inner and outer)
e MTD timing layer
 ECAL

e MUON




Examples of physics reach at HL-LHC
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for HH production is in reach at HL-LHC




Main players in quark-flavour physics

* ATLAS and CMS : measure some relevant B-physics channels, mainly’\évith muons in the final

state = but also new prospects eagerly awaited with parked data

* NAG62: measure the SM branching fraction of
K*—2>m*vv with 10% precision = future upgrades

involve K* and K° rare decays (HIKE)

LHCb and Belle II:
dedicated detectors for
flavour physics with wide
range of measurements



LHCb Upgrade Il : The detector challenge

Targeting same performance as in Run 3, but with pile-up ~40!

S _ Same spectrometer
Magnet & o M3 footprint, innovative
Magnet Stations  g¢jfj TORCH Shielding \
&Silicon R technology for detector
\ | T and data processing
1 Key ingredients:
i - granularity
/) | - fast timing (few tens of ps)

- radiation hardness
Run 3: pile-up ~6

(

Upgrade II: pile-up ~42
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Run 1
(2010-12)

LHCb [Ldt

phase-difference between B; mix and decay diagrams

o(¢s) [mrad]

LHCb Upgrade 2: examples of reach and goals

Run 3 Run 4 Run 5+
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ALICE physics

https://cds.cern.ch/record/2025215

250 Quark-Gluon Plasma
< primordial o, 0.t 2
. . 2 Universe (<107°° AN rS NEEI
* ALICE main goal: explore the deconfined phase of ¢ **| RSy '..-}:,/
QCD matter 5 150 w5
£
e Quark-gluon plasma (QGP) 2 ool
* Pb-Pb collisions at the LHC 50| Neutron Stars
. "Ordinary" state T.\_ - . .
* large energy density: > 15 GeV/fm3 J—— BRSSPl Netbaryonicdensity
~ 3 0 1 5 8 (normalised, d/dg)
* large volume: ~ 5000 fm ! -
QGP Hydrodynamic . ) i :geiwt e f
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Time Visualization: J.E. Bernard arxiv:1804.04469
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ALICE 2 Upgrade

Pb-Pb rate: 50 kHz.
° pp rate: 1 MHz New GEM-based TPC
* Continuous readout to sustain the i continuous readeut
expected rate
° A true minimum bias experiment the

New Inner Tracking System (ITS)
. — 7 barrels, 10 m2 silicon tracker
N\ based on MAPS (12.5 G pixels’

New Muon Forward
Tracker (MFT) - 5 disks
based on MAPS

* Expected statistics in Runs 3+4
v" Pb-Pb: 13 nb!

v pp @13.6 Tev 200 pb-! inspected (Run3)
— 3 pb! stored MB

v pp @5 TeV MB 6 pb?
v p-Pb @ 8.8 TeV 0.6 pb-?
* Tracking precision increase: x3
* Installation and commissioning during
LS2: done!

New Trigger and Readout
Upgrade of readout
electronics of all detector,
new Central Trigger
Processor

New Beampipe
smaller diameter (36.4 mm), first
detection layer at 20 mm

New Fast Interaction Trigger (FIT) |
— 3 detector technologies:
interaction trigger, online
luminometer, forward multiplicity



ALICE 3 detector

Compact, ultra-lightweight all-silicon tracker
=~ 0p/PT ~ 1-2%

Large acceptance

—> statistics, correlations, rapidity dependence

Vertex detector with unprecedented pointing resolution
— Gpca=10um (pr =200 MeV)

excellent electron and hadron identification (TOF + RICH)
— 1t/K/p separation up to a few GeV/c,

— electron ID up to = 3 GeV/c with x103 pion rejection

muon identification (Muon absorber + Muon chambers)
— muon ID down to pr = 1.5GeV/c

ECal (Muon absorber + Muon chambers)

— photons/jets over large 1, high-resolution central segment

Superconducting magnet system (2T)
Continuous read-out and online processing

Superconducting R|cH
magnet system

absorber

Muon
chambers

= detector with unique and unprecedented features at the LHC

14




A Large lon Collider Experiment

ALICE 3: a next-generation heavy-ion detector for LHC Run 5 & 6

ALICE

Key physics questions and drivers

|. Nature of interactions with the QGP of highly energetic quarks and gluons
Il. To what extent do quarks of different mass reach thermal equilibrium ?

lll. What are the mechanisms of hadron formation in QCD? S
Letter of intent for

= Systematic measurement of (multi-)charm and beauty hadrons ALICE 3

VERSION 1

QGP temperature throughout its space-time evolution
IV. What are the mechanisms of chiral symmetry restoration in the QGP?

= Precision measurements of dileptons

e QCD chiral phase structure (= fluctuations of conserved charges)
* Hadron interaction potential (= hadron-hadron correlations) CERN-LHCC-2022-009

15


https://cds.cern.ch/record/2803563?ln=en

After HL-LHC: the FCC integrated project
J N o

Injection into collider

Comprehensive long-term program [ I ” ’
maximizing physics opportunities raEe Pk X . :
« stage 1: FCC-ee (Z, W, H, tt) as Higgs

factory, electroweak & top factory at AR Bl
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« stage 2: FCC-hh (~100 TeV) as natural
continuation at energy frontier, with ion ="
and eh options

« complementary physics [ <5 i

- common civil engineering and technical W\ g T O T i
infrastructures, building on and reusing W T L O N g T '
CERN’s existing infrastructure

* FCC integrated project allows seamless /i 77 A§ S Gl imelBes o207 ... o
continuation of HEP after completion of Tl N R D e d P =1 (A > ‘5:\ ““““

the HL-LHC program

A first class infrastructure to maintain the leadership of European research in
particle physics over the 215t century
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Where nature decided to put stuft
(the electroweak playground)

1000
total o | Zbosons (10° times LEP)
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; “
N\
" CEPC Y % | Higgs factory
' \
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N\ ILC
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Some key points about FCC

FCC-ee is not just about brute-force luminosity
* Continuous calibration of centre-of-mass energy (e.g. 100 keV at
the Z) with resonant depolarization

* Direct measurement of parameters, which were computed until
now (e.g. direct measurement of aqep running)

There is a well-defined theory effort, to successfully use
data in a meaningful way (e.g. 3-loop calculations)

It has been shown in various ways (e.g. EFT analyses) that
a jump in precision in Z, W, H, top measurements is
required for a comprehensive interpretation of the
electroweak sector

* A deviation of a single coupling or operator will not provide the
full picture

FCC-hh is eventually required to precisely investigate the
Higgs self-coupling, to close important chapters (e.g.
WIMP interpretation of Dark Matter) and to significantly
extend direct searches

wl

Fast sweeping
horizontal B field

Standard Model Theory for the FCC-ee: The Tera-Z

i 'orkshop: Precision EW and QCD calculations for the
s and tools, 12-13 January 2018, CERN, Geneva

cern.ch/event/669224/

L Kalis rosini’,

D1830v2 [hep-ph] 22 Sep 2018

# Higas pairs to bbyy

LHC: 14TeV 300fb" 3
HL-LHC: 14TeV 3ab* 360
percent

FCC: 100TeV 20ab ®Rx10° 4— precision
physics
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Muon Collider

International , MDI and Detector
/«UON Collider Beam induced .
/ Collaboration dGSlgn
o background
£ 1T ol e 1 57 1
T 09}
o 0.8
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S 06
:E 0.5 |
§ oal . g Magnets &RF
L oo T T Titsctor Muon Collider Accelerato:
N N e >10%Y Calf ming § 18
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....... ]
U
......................................... &
i B J— o '0
Cooling cell i 4 GeV Target, nDecay pCooling  Low Energy : o&’
. : Proton & yuBunching annel  y Acceleration ®
prototyping - | I
1l
ASSUMPTION/IP
Cost and power consumption drivers, limit L = (Ecqw/10TeV)2 x 10 ab?

energy reach e.g. 30 km accelerator for 10/14

@ 3TeV 1ab!/5vyears
TeV, 10/14 km collider ring Y

@10TeV 10 ab1 /5y

1st stage a muon cooling demonstrator to be built in 2030+ @14TeV 20ab1 /5y




The MEG Il exp at PSI

Search for
n > ey
decays

.....

.......

New Radiative

Decay Counter Mass Drift Chamber

New Pixelated Timing Counter

*  New Trigger System

INFN

* New Drift Chamber and

its Front End
Electronics

» Mechanics and

Calibration System of
the New Timing
Counter

New Cylindrical Very Low
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The MuZ2e experiment at Fermilab w2

Searching for muon-to-electron conversion in a thin aluminum stopping target

W\
11
"mu\\‘””“
|
//'f/
M

Mu2e progresses 2022: Critical path still driven by Solenoids +1.5 year Delay due to
Covid = REBASELINED by DOE in Sept 2022.

i Commission
Project Scope Physics run

complete with beam
025 FY2026 FY20 FY2028

Accelerator shutdowns \

Detailed field External NCRV modules
map complete Detector  shielding  installed
train inserted installed

FY2024

Mu2e construction (Project)

Mu2e final installation & prepare for beam
Mu2e commission with beam + data taking

Calorimeter disk assembled with
crystals (INFN responsibility)




EIC: Electron lon Collider: the next QCD machine

On-energy
lon Injector

Electron
o

IP8

Electron
Injector (RCS)

IP6

(Polarized)
lon Source

2.25 BS project

EIC key points:

With respect to HERA:

« x100 /x1000 higher luminosity = '**

* (p, d, 3He) and e polarized
* Nuclear beams (from d to U)

With respect to fixed target

 Two orders of magnitude
increase in (x, Q2) kinematic
space

1040,

» Evolution of RHIC facility (pp/pA/AA) at BNL - electron ring (E. = 5-18 GeV)
High luminosity (1033 — 1034 cm2s1), polarized beams of e/p/ions at Vs, = 28 — 140 GeV

PERLE [ FIXED TARGET

u
4 = B HERA
MESA
JLab 6 & 12 [ ] CERN Projects
i1
= [ EIC Projects
8 SLAC :
w -
3
E 10%
Py
.g |
FCC-eh
£ US EIC
€ 10 D
g -
3 []
h COMPASS LHeC
CEIC
BCDM
1032 1978-1985
HERMESE e
1995-2007 1986-1990 HERA
1992-2007
103, T T [ 1
0.1 10 100 1000 10000

CMS Energy [GeV]

* DoE supports the project including one detector at IP6 but design for two interaction regions
* INFN in-kind contribution to the accelerator under discussion (mitigation of secondary electron
yields in hadron storage ring)



e and the ePIC detector

FY27 FY28 FY29 FY30 FY3I

EIC timesca

FYl9  FY20 FY2l FY22 FY23 FY24 FY25 FY26 FY32 FY33 FY34  FY35 FY36

Criteal x| 3 BECD4A CD-A%K
Decisions CD-0(A) CD-1(A) CD-23A | CD-3 of operations  completion
Dec 2019 Jun 2021 Jan 2024 Apr 2025 Apr 2032 [Apr2034

T

rly CD-4A Early CD-4

Construction Phase i G

Infrastructure

A

Conceptual
[ . e The thinner bars indicate that R&D|and design
Actersor [ =« L cancontinue atasmall level beyond CD-2 and CD-3
ystems ;
Procurement, Fabrication, Installa‘tion&Test‘ I ‘ VI ; /IlFlﬂVIFIPijB‘”dO%
missionin P/ 7| Full RF Power Buildout
Conmee e Z 1.7 T magnet
CBecp!
‘ Research & Development : gﬁ
Detor | Desig ‘

Detector #2

Commissionin

FYI9  FY20 FY2l

| Research & Development and Design

T T 1
e
Construction &
T )/ s il A
Commiss.
‘ ‘ & Pre-Ops W A
I I i T
V// Schedule
/A Contingency

Level 0 Critical
Milestones Path

(A) Actual

Data
- Completed EI EI Planned Date

Italian R&D in ePIC detector (under sigla “EIC_NET”, currently
85 researchers 20 FTE)

ePIC Collaboration (arising from detector proposals
“ATHENA” and "ECCE”) formed in July 2022

—> detector 1 at IP6
160 institutions (41% US, 27% from Europe)
Pre-TDR to be finalized by October 2023
Detector TDR by end of 2024!

PID - forward dual RICH Prototype and optics FE
Aerogel studies BA FE
SiPM and electronics BOFETO CSSACT
LAPPD for Cerenkov app. GETS
Pressurized vessel LNS TS
Vertex Development of MAPS 65 nm BAPDTS
Streaming readout DAQ and Al algorithms GE RM2
Physics, software and SIDIS PV
simulations Parton imaging and diffraction CSTO
Simulation TS BA LNS SA




Neutrini, their oscillations and masses

1 0 0 C13 0 5138_15CP c1p S1p O et 0 O
U= |0 ¢33 593 0 | 1 0 —s1p c1p O 0 €% 0
0 —S823 (23 —513815CP 0 C13 0 0 1 0 0 1
0,; & AM?,, CP phase 6 & 0,3 0., & AM?,,; Majorana phase
Accel. LBL (v, vu) disapp. (K2K, Reactor LBL (KamLAND) Solar Experiments Double beta decays
MINOS, T2K, NOVA) Reactor MBL (Daya Bay, RENO, Reactor LBL (KamLAND)
Accel. LBL (ve, ve) appearance Double Chooz) i
(MINOS, T2K, NOVA) Accel. LBL (ve; ve) appearance
Atmospheric Experiments (SK, IC-DC) (MINOS, T2K, NOVA) -
Important projects in preparation: . ) ) 0 5
e.g., DUNE, HyperK, JUNO, KM3net, SBN Program Lept‘l’"'kc mixing “I‘a;'f"‘ (PNMS “;at'f"‘) still | F
-> Status reports at this conference poorly known Incfuding mass ordering _ [
g of
05 F




A project recently completed : Icarus 600 T @ SBN

AUE August T
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Sanford Underground Research Facility, South Dakota Fermi National Accelerator Laboratory, lllinois

NU@FNAL: DUNE

Some physics goals (phase 1)
Oscillation Physics:

« Definitive resolution of the mass ordering
« Sensitivity to maximal CP violation (3CP ~ * 1/2)
« World-leading measurement of mass splitting (Am2atm)

<k (\ CNFR A

DUNE Far - Photon Detection System (PDS) DUNE Near from KLOE— SAND

Granular Argon for
Interaction of
Neutrinos (GRAIN)

3x3 m2 PCB Annde 2 x 6.5-m vertical drift

provide an independent measurement of the flux
measure the flavor content of the neutrino beam
contribute to remove degeneracies when the
other components are off-axis

add robustness to the ND complex to keep
systematics under control

provide a reasonable control of the systematics
(SAND installed since Day-1 of data taking)
exploit the high statistics to perform other high

Electronics
Interface board

Photon Detectors

=

H/V drift

European site for 7 :
WLS eva poration - precision neutrino physics measurements and

BSM searches without any ad-hoc modification
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Hyper-Kamiokande in a nutshell

Hyper-Kamiokande Detector

Kamioka
Hyper-K water Pss ) — e
Cherenkov at sensitivity “ % = -
Kamioka (host
U-Tokyo)

High intensity
proton beam
at JPARC
(host KEK)

Accelerator, atmospheric, solar,
supernova neutrinos and proton decay

1. World largest detector for nucleon decay and neutrino experiment

2. 8.4 times larger fiducial mass (190 kt) than Super-K with new photosensors: twice-as-sensitive 20" PMTs
and multi-PMTs

3. World most intense neutrino beam
4 . 2.6 higher JPARC beam intensity (1.3 MW) than T2K

5. New and upgraded near detectors to control systematics errors



Hyper-Kamiokande vs DUNE

Hyper-K Water Cherenkov
; Detector

oo e LYAVAYA MO,
VATAANATATES — w’"ﬂx :
s
Y

260 kton \‘\;275‘\s

Fid. V.>SK x 8 "

* Multipurpose experiments, similar goals, a different,complementary approach:
. Baselines and energy ranges: narrow band beam vs wide band beam
. Detector masses: fiducial 190 kton vs 20 (40) kton

. Detection process: at 10 MeV mainly IBD (antinue) vs CC (nue)

. Detector technology: water Cherenkov vs liquid Argon TPC




Hyper-Kamiokande timeline and INFN

FY 2021 (R3) ! 2022 (R4) 2023 (R5) 2024(R6) | 2025(R7) [2026(R8)
month 2|3]|a|5]|6|7]8[9]10[11]12]1|2[3|4|5]|67[8]|9]10[11]12|1[2|3[4|5]6|7]8]9]10[11]12]1]2]3
Cavern Detailed design
excavation Tuhnel construction avern excavatio
DerEnel N O T O O A P'.\l"thm°t”"t

Tank  (NS) Basic design / 1 Detailed!tliesligll'l ] régg‘%";;f{'“& St

& Ceiling crane deiclgnl-e)l}lentlmalte:'iall prlocurement ) Co%:truction
Sup- Constructor aﬁerTreductlon [ | l | l ] | l l | | .| ]'[an[kl Ionstruction design&ll;bonstructic%
port| (MES-M) Technical cooperation for design 4 ———— : \

[T TTTTTTTTTT NI [TTT 17 7 N -
Design company: Nikken Sekkei (NS) 6 & .
Construction company: Mitsui E&S Machinery (MIES-M) he re Extension Shorten procurement period if possible
of designing .

R .  Multi-PMT

MPMT assembly start 04/2024 »Italy (project leader), Canada, Czech Rep., Messico, Polonia
* Front-end prod. start 11/2024

_ . _Electronics
* Installation start 11/2025 -Front-end 20"’ (with France and Japan) l]
»timing distribution (with LPNHE and IRFU/CEA)
* Detector operation Q3/2027 . Near Detector
» Construction (under way) of new TPC for T2K near detector

upgrade (part of the near detector of Hyper-K)




There is no summary ... but a BIG THANKS
to the Organizers for the excellent Workshop !!!

Elba Island

~

Vulcano Workshop 2022 - Frontier Objects in Astrbbhysics and Particle Physics

25 September 2022 to 1 October 2022
Elba Island (Tuscany, Italy)




Additional Information



SuperKEKB: new record of instantaneous
luminosity (June '22): Lpeak = 4.7 1034 cm2s!
'crab waist scheme': 1300 mA (LER), 1040 mA
(HER)

Excellent performance of the detector, several
publications and new results at ICHEP 2022
Machine far from the target luminosity, long
shutdown foreseen in 2026-7 (LS2) to upgrade
final focus and for other interventions

LS2 in 2026-7 is an important opportunity for a
detector upgrade that improves robustness (vs
BKG) and performance

Snowmass Whitepaper:

The Belle I1 Detector Upgrade Program

Belle 1T Collaboration

March 23, 2022

arxiv:2203.11349

Belle 2 future upgrades

SuperKEKB Run Plans Projection

TN

Luminosity [x1035 cm-2 s1]

)

90% C.L. upper limits for LFV 1 decays

10 T T T T T T T 50
= | peak(Target)
8 L w— nt. L[ab-1] 4 40
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-
Q
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80155057 2023 2025 2027 2029 2031 2033 2039
Example of physics case for tau physics
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Belle 2 complementarity vs LHCb

relevance
Vub| and [Veo| Limits'Lﬂ' fit precision
Help sorting out incl-vs-excl
R(D) and R(D*) Anomaly
B— K(*)vwv, B— K(*)t 1, B— K(*)1Vv, Sensitive to BSM
B— 11, B~ 14 B 1Vv. related to b—s 22
B— Kom%: B® — %, B — pp/pn, Sensitive to BSM, CKM angle
D' - i'mo a check CPV in charm
Radiative Sensitive to BSM

Precision T "
Sensitive to BSM

Sensitive to BSM

Low-mass dark sector
Related to muon g-2

limitations

Sistematics
Lattice

Sistematics
Sample size
Sample size

Sample size

Fundamental SM parameters Systematics/trigger

Systematics/trigger

timeline
pre-/post-LS1
pre-/post-LS1
pre-/post-LS1
pre-/post-LS1
pre-/post-LS1
pre-/post-LS1

pre-/post-LS1

wrt LHCb

Dominated by Belle Il

Dominated by Belle Il

Dominated by Belle Il

e'e” = (y) Key input to muon g-2 Systematics/trigger  pre-/post-LS1
Spectroscopy/quarkonia QCD and test LFU Sample size pre-/post-LS1
lllllllllllllllllllllllllllllllllllllllllllllIIIIIIIIIIIIISPIQICIIaIIln%QSIIllllllllllllllllllllllllllllllll
Rare T Sensitive to BSM Sample size post-LS1 Dominated by Belle Il
BO = n’K’, BY =~ &K%, BO =K%, Sensitive to BSM Sample size/syst post-LS1
BO — p%
R(K) and R(K*) Anomaly Sample size post-LS1 Healthy redundancy
Angle y Fundamental SM parameter Sample size post-LSH1 Healthy redundancy
Chiral Belle II Fundamental SM parameter Sample size post-LS1 .
probe BSM SKEKB upgrade 26




NA6ZQ and the future: HIKE

SPSC approved the extension of run NA62 until the end of LS3 (2021-2024)

« BR(K' — vV ) with an error comparable to the theoretical one (O 10%)

* Improvement of LNF and LNV decay limits

* Runin dump mode: 10/, 1018 Proton On Target (10gg, 3mesi)

NP searches for MeV-GeV mass hidden-sector candidates: dark photons, heavy
neutral leptons, Axions/ALP’s, etc

HIKE, extensive multi-stage programme :

« K" with beam intensity 4x NA62 : 500 K+ — z+vv decays

« K, with beam intensity 6x NA62: 60 K, — #%vv decays

* Intermediate phase : K, beam, detector with tracking & PID, rare
decays, Lepton-flavor violation, K, — #lefe .....

* Frequent runs in dump mode for exotics




MuZ2e status 2022

GxSE: Mu2e Line Profiles (Cycle)<DPM-DPMO04 (2%)>

Test of

eaming L”IW

H95 H|95

Tracker
planes

Mu2e progresses 2022: Critical path still driven by Solenoids +1.5 year Delay due to Covid
= REBASELINED (Sept 2022)

Solenoids: (GA) Winding of PS completed, DS is well progressed (ASG) - TS-U + TS-D done
Accelerator: first beam in M4 beamline, ESS under way, Production Target: done

Tracker: Panel assembly ~ completed in Minnesota. 220/240. Plane construction underway 0O(50%)
CRV: Scintillators and SiPMs done. Module production reached 80%. FEE OK, readout in progress
Calorimeter: Prod of 1500 Csl, 4000 SiPMs, 3500 FEE boards done. 2500 FEE tested, 800 at DUBNA
=>» Production of large mechanical parts completed, Calorimeter assembly started at FNAL

=>» Digital boards well progressed. MB production started. DIRAC delayed to FPGA shortage in market
6 months of commissioning in the PIT end 2023 with calorimeter. Tracker and part of CRV end 2024
2024-2025 is transition to operation. Commissioning inside the DS with magnet ON, Cooling at 0 °C



L =2 e transitions, complementarity between MEG Il / Mu2e

If dipole operators are involved MEG is better by 1/a , in other cases it’s the other way around

H e
§. v n—ey
q q q q
(e) Heavy Neutrinos (e) (e) Supersymmetry (e)
(see saw) Y
Y e e e e
Dipolo § § >O< . Q
—
2 O e pu O e W 4-fermioni e M N e
W e W - d p ' e
q a d e q . q
New Heavy Bosons /
Compositeness Leptoquarks

Anomalous Couplings



2024 Drell-Yan setup

Target,

detector and
h
adron absorber SM1

HCAL1

H1
Trigger
vertex Straw

H2

Trigger
Muon4 SM2 Outer \H

Filter Trigger

Apparatus for Meson and Baryon " ‘
. 1 ‘ |
Experimental Research w [
SciFi
* Phase 1 (approved by SPSC) |
* Measurement of the proton radius O e M e
GE
* Production of antiprotons, antideuterion, antihelium | \ | o e | e
« Measurement of pion structure using Drell-Yan as a probe ” ’ b ? ”
* Phase 2 (not approved, yet)
* dedicated to negative kaon beams and high-intensity antiprotons Drell-Yan process is a low cross-
section process:
Title 2023 2024 2025 2026 2027 2028 - H|gh intensity hadron beam
1) Proton Radius | - Hadron absorber to protect
¢ 1.1) 2021 TEST Run 5 Approved AMBER Phase-1 Program: Spectrometer from a very high
« 1.2) 2022 TEST Run ] AXS: 2 months secondary flux
« 1.3) 2023 Pilot Run [ Drell-Yan: 2 years I - Verte>f Detector to compensate
« 1.4) 2024 Run 1 I PRM: 1 + 1 diti I loses in resolution because of the
2) Anti-Matter production [— :1+1 year (conditionally) absorber in order to improve mass
« 2.1) Test measurement | and space resolution
 2.2) Commissioning [ |
« 2.3) Data Taking 2023 [ ]
¢ 2.4) Change-over to PRM
3) Drell-Yan v |
« 3.1) First test Run B

« 3.2) First RUN




Luxe at the DESY Eu.XFEL

e XFEL and high-power LASER electron beam
collisions

— Investigating QED in regimes beyond the
Schwinger limit by XFEL electron
scattering on photons from a very high
power laser (100 TW)..

* Collabotion 90 members (26 institutes)
 INFN grups: Bologna, Padova

* |INFN proposed contribution : beam profile
measurement with a detector made with
strips on sapphire

2021

Photon Profiler Procure detector prototypes and test
Test beam at ELBE/FRASCATI/XFEL
LUBPRO design, production
Movable support mechanics design, production
Detector installation/commissioning
Detector ready for data-taking

beam

o
2., 2
(b

electron - laser set up
(10-3 - 104 positrons
&

109 electrons e* e pair
7

-~
10° photons

e

(@

Compton
photon

e beam
dump

2022

Ql Q2 Q3 Q4 |Q1 Q2 Q3 Q4

2023

Ql Q2 Q3 Q4 (Q1 Q2 Q3 Q4

“IP detectors”

wo Z

—
Photon beam

<?
227

“Forward
spectrometer”

Thickness: 0.1 mm

Pitch: 0.1 mm

200+200 Readout channels

2024 2025

2026

Ql Q2 Q3 Q4 |Q1 Q2 Q3 Q4




EIC: Electron lon Collider

Electron
Storage
Ring

Electron
Cooler

EIC

Possible
Detector
Location (IP8

Ring Polarized

Electrons

)
¢ Highly polarized electron (~70%) and proton (~70%) beams e / g ik
¢ Jon beams from deuterons to heavy nuclei such as gold, lead, or uranium L;g;;;c;(; /A
¢ Variable e+p center-of-mass energies from 20—100 GeV, upgradable to 140 Bk

GeV 7
e High collision electron-nucleon luminosity 10**—10* cm =2 s~1 (Polarized)
o | CuTontpolrized OIS ofsop cata: w‘;' Exising Measraments win A2 56 (Fe): I

E Cumrent polarized RHIC p+p data: [

L e+p

g

22 Originof NucleonSpin .. . ... ................
23 Originof NucleonMass . . . ... ................
24 Multi-Dimensional Imaging of the Nucleon . ... ... ...

0“°¢

3

Resolution, Q% (GeV3)
Resolution, Q2 (GeV?)

2.5 Imaging the Transverse Spatial Distributions of Partons
2.6  Physics with High-Energy Nuclear Beams at the EIC . . . ..
2.7 Nuclear Modifications of Parton Distribution Functions
2.8 Passage of Color Charge Through Cold QCD Matter . . . ..

Parton momentum fraction, X




Letter of Infent
Collaborators:

CERN

ltaly — Uni./INFN
Cagliari
Padova
Torino

uS
Rice
Stony Brook
TAMU

Israel
Weizmann Inst.

Additional interested
Institutions in

France, Germany,
and India

Silicon Pixel

NA60+: current status and timeline
Schematic detector layout for Vsy=6 GeV at North hall H8 beamline

Vertex

Movable 6 Station

Spectrometer

~___:a_a

Scalable Muon
Absorber

Timeline

Expression of Intferest 2019
Technical support from CERN
Location identified

Letter of Intent 2022 (in preparation)
Planned data taking starting 2029

1 month/year
5-6 years

Muon Tracker

Advanced performance studies

%) Pb-Pb 40 GeV NA60+
= r 0-5% central collisions
3 10°F .
E Mmey M
5 | e pUu pPairs
(e -
3 E p
4
S L
10*°F
10°F
10%F \
0 05 1 15 2 25 3
210 M (GeV/c?)

Pb-Pb, |/s,,=10.6 GeV, centrality 0-5%

1e+11 MB events
D° = K=, pT>0

Epean=60 AGeV

100/~ S=369565+ 1219
£ B(30) = 1028262 + 285

s /B (30)-0.3504
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NA60+: physics case 2
- i
200 L,/‘ -
O Four main “pillars” | j§3: ol
O  Thermal dimuons from QGP/hadronic phase: caloric curve 150‘ // |
O  p-armodifications: chiral symmetry restoration — A s
O  Quarkonium suppression: signal of deconfinement r ‘HADESHMMW Thermal
O  Open charm mesons/baryons: QGP transport coefficients 50 l ]
: dimuons
- il °/ 2 3456 10 2030 100 200
5 f= = D-meé'?nT-HR? oo 3] Collision Energy |'sy, (GeV)
p—c-quark, T-matrix, U-pot. S,
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No accurate data exist for any of these observables below top SPS



NA60O+: overview

O  Aim: perform accurate measurements of the dimuon spectrum from threshold up to the charmonium mass region, and
of hadronic decays of charm and strange hadrons
O  Energy scan with a Pb beam from top SPS energy (Vsyy=17 GeV) down to Vsyy™ 6 GeV (E|;,~20 A GeV)

Based on a muon spectrometer (toroid field) coupled to a vertex spectrometer (dipole field)
O High luminosity is an essential requirement -109s1 Pb ions/s

L

Muon spectrometer

Vertex spectrometer 6 tracking stations
+ dipole magnet

Hadron Toroidal
absorber magnet

H8 beam line, SPS




LNL and LNS upgrades open new perspectives

40 MeV - 200 pA of protons = production of re-
accelerated neutron-rich exotic beams 1013

fission/s in-target production, and re-
acceleration at 10*A MeV (A=132)

1 R e i
e e
s o —

3] 15
A [AREAE 40
EEEEE
e e 36E e e
LR
e 18] 1|1
EIE3 EAEIRIES
T
&3 &)
B
-~ expected r-process path

s

,,,,, i . el
ek

OEO0EODEOOE
333333 g

stable nuclide

oooooooooo

FARA EARAEARAFARS
Ni[Ni i

Superconductive

cyclotron: new extraction

channel by stripping. For
light ions up to A~40
intensities up to ~10%pps

\ (5-10 kW on target) 2>
&8 new physics cases

P@}(%

// H =
“F
High-intensity RIBS with FRAISE ﬁ*j "
Production in-flight 2> U
complementarity with SPES in terms of  |\f,4
energies, species and lifetimes %
Intensities up to 108 pps with high %ﬁ
purity %/ .




... and will host new and upgrades facilities for new physics

Active Target (ATS): aims at building a gas detector to
measure transfer reactions. The ATS is at the same time the
target and the detector and will be used with SPES beams

11B4iC,4H;0 at 32 MeV ;
3 particles emitted and stopped in the gas.

PANDORA aims at detectors

oy : : ~
building an innovative
magnetic plasma trap,
for interdisciplinary
and fundamental

Plasmas for
Astrophysics

research, the study Deces’”
Observa tion and
of B-decays under Radiction for

astrophysical conditions

AGATA: highly segmented germanium gamma-ray tracking
array. Currently the most advanced gamma-array in Europe
at LNL for a campaign with stable and SPES beams. Ongoing
development to produce p-type detectors (call N3G).

AGATA coupled to the
magnetic spectrometer
PRISMA

MAGNEX is under upgrade for allowing the extraction of
“data-driven” information on Nuclear Matrix Elements for all
the systems candidate for OvBB. For the use with high
intensity beams a new focal plane detector, a new gas tracker
and a LaBr3 calorimeter will be installed




FUTURE

CIRCULAR
COLLIDER

Timeline of the FCC integrated programme

" s KN 5 K 7 W o B
 Feosiysuty ] £

Geological investigations, infrastructure
detailed design and tendering preparation

FCC-ee accelerator and detector R&D and technical

design

a5

FCC-ee accelerator and detector
consfruction, installation, commissioning

Superconducting magnets R&D

Tunnel, site and technical
infrastructure construction

FCC-gg,

~ 15 years operation

Long model magnets,
prototypes, pre-series

FCC-hh accelerator

and detector R&D

and technical design

Technical
schedule

10 years FCC-hh,

~ 25 years operation

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

High-field magnet
industrialization and
series production

FCC-hh accelerator and detector
construction, installation, commissioning

s L/IP (cm2s) | Int. L/IP(ab™') | Comments
ete- ~90 GeV Z 230 x103%4 75 2.0 ) ¢
FCC-00 160 WW 28 5 experiments
240 H 8.5 25 Total ~ 15 years of
~365 top 1.5 0.8 operation
pp 100 TeV 5 x 103 2+2 experiments
FCC-hh 30 20-30 Total ~ 25 years of
operation
PbPb sny = 39TeV 3x102° 100 nb/run | 1 run =1 month
FCC-hh o operation
ep 3.5 TeV 1.510%4 2 ab™! 60 GeV e- from ERL
Fcc-eh Concurrent operation
with pp for ~ 20 years
e-Pb. Vsen=2.2TeV | 0.510% 1fbrt 60 GeV e- from ERL
Fcc-eh Concurrent operation
T with PbPb

O Feasibility Study: 2021-2025

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

U FCC-ee operation ~2045-2060

F. Gianotti | Q FCC-hh operation 2070-2090++




CSN1: RD FCC

105 scientists/15.3 FTE

* |IDEA detector: light tracker (Drift

Chamber), a dual-readout
calorimeter, and a light-weight
magnet.

— Baseline for physics/performance
studies and technology exploration.

— Test-beams in progress

* Machine-Detector-Interface

e Activities in simulation/software

Algorithm development:jet flavour tagging,
Particle ID, tau reconstruction

Physics studies: Higgs Recoil, Flavor,
Ars(bb,cc), ALPS, Top

IDetector height 1100 cm

Preshower

DCH Rout =200 cm

DCHRin = 35cm

|
3 ] -

gUAL READOUT CALORIMETER for

.fthg' IDEA FC ee deteetor.

A~
e

https://agenda.infn.it/e/FCC-Italy




