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https://agenda.infn.it/event/38953/

Linee di ricerca CSN1

!

CSN1 Sector 2025
Physics at hadron colliders (LHC)
Neutrino Physics

Flavor Physics (including LHCb)

ATLAS+CMS con upgrades HL-LHC

Flavour physics
Neutrino experiments
Preparing the future

Structure, Dark Sector

Proton

Proton Structure
R&D for Future Accelerators

Dark Sector

ml
m2
m3
Ry
m5
m6

mu7

FTE
48,20
13,30
24,40

5,35
2,15
5,77

0,83

Budget
47,05
19,80
20,50

5,95
2,16
4,26

0,28

(*) 2025 CSN1 Budget 27 M€, does not include the external

fund complementing HL-LHC and DUNE detector

construction, Tier2 computing




®- FTE totali

1100 .. FTE totali - DUNE, ICAR_US, HYPERK
975
Frazione FTE con CSN1: =65-70% costante negli anni 850
ANAGRAFICA ATTUALE (Aprile 2025) : 75
1019 FTE , 1531 Ricercatori + Tecnologi
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CD(/\Q/ IF Medio 5,03 4,7 4,4 4.5 5,2 4,14 4,33 5,49 5,55 4,46
OQQ FTE (*) 759,98 753,03 784,19 797,86 822,38 825,86 834,62 813,69 820,27 848,71
601’ PUBS / FTE 0,71 0,72 0,76 0,71 0,77 0,81 0,71 0,56 0,39 0,75
Q(O % autori INFN 28 29 29 29 29 25 e 262 224 196



Total integrated luminosity (fo™)
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LHC 2024 Performance: Integrated

Day in 2024

2010, 7 TeV, 45.0 pb™*
2011, 7 TeV, 6.1 fo™!
2012, 8 TeV, 23.3 fb~'
2015, 13 TeV, 4.3 fb~'
2016, 13 TeV, 41.6 fo™
2017, 13 TeV, 49.8 fb™
2018, 13 TeV, 67.9 fo™
2022, 13.6 TeV, 41.5 fb™
,13.6 TeV, 32.7 fb™
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Total integrated luminosity
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= 2024 (13.6 TeV): 9.56 fb™
= 2023 (13.6 TeV): 0.37 fb™'

8|~ ~—2022(13.6 Tev):0.82 fb!

= 2018 (13 TeV): 2.19 fb™"

== 2017 (13 TeV): 1.71 fb™" Cb
6k == 2016 (13 TeV): 1.67 fb™" LH

= 2012 (8 TeV): 2.08 fb™

= 2011 (7 TeV): 1.11 fb™"
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Integrated Recorded Luminosity (fb™)
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Excellent performance
for LHCb Upgrade 1,
too !

L Lacy
L Preliminary

1000
- ® 2024 Data, mu = 4.4
—— Model

..+ Background

---- Signal

N

1850

Events / (0.3 MeV )

1900
Mass(K'K*K") (MeV)

yield/pb~!= 1.03x10>
(x 2.5 Run2)



2025 and 2026 LHC schedule
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Oct 2024: revised schedule for LHC and the CERN accelerators complex

“The LHC will now enter LS3 in July 2026, seven and a half months later than planned, with the start of the
High- Luminosity LHC (Run 4) beginning in June 2030. The injectors will run until the end of August 2026.”

Long Term Schedule for CERN Accelerator complex
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ATLAS and CMS upgraded detectors (phase 2)

ATLAS Detector Upgrade Fo——

coverage and trigger

P barrel calorimeters
and muon system

C MS DeteCtor U pg rade Electronics upgrade:

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Upgraded Trigger and _—
Data Acquisition system: & . 4
e Add tracks at L1
(1 MHz) ‘ » / .
e High Level Trigger : NEW MIP timing
output 7.5 kHz ' S8 4 detector

Upgraded Trigger and
Data Acquisition system:
o LOrate: 1 MHz
e Event Filter: 10 kHz

NEW endcap
high -
granularity

) / timing detector

[/

i S e precision timing
SN

/ g
/ | NEW all-silicon Inner Tracker,
Toroid Magnets  Solenoid Magnet coverage Up tO |n|: 4 0

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

Main INFN INVOLVEMENTS: MAIN INFN INVOLVEMENTS:
e Tracker (ITK) * Tracker (inner and outer)
e Liquid Argon Calorimeter NEW: neutron e MTD timing layer

* Tile Calorimeter monitors, originally \ * ECAL

* MUON russian responsability : MUON

« TDAQ *“ BRIL




Nuove schedule di costruzione Fase 2
esempio da ATLAS

Schedule Installazione LS3
1/7/2026

New:
Contingency
A

ITk insertion
8/2029

31/5/2030 l
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Shortest contingency for ITk, +6.8 months
Anyway schedules remain tight and
Global contingency wrt. installation date (months)
0.0 5.0 10.0 15.0 20.0 25.0
ITK detector I = [ | | |

Muons

LAr Front End electronics - Barrel A
Lar Front End electronics - Barrel C
LAr Front End electronics - EndCap A
LAr Front End electronics - EndCap C
Tile LBA
Tile LBC
Tile EBC readiness
Tile EBA readiness
HGTD-A
HGTD-C
BIS side A
BIS side C
MDT FE electronics for Endcap
BIL MDT electronics
BIL RPC

TGC EIL4 side C
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I 12 O
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ATLAS Phase 2 at INFN

« ITK Pixel all components in pre-production | EI€€tronics LAL, - Tile Calorimeter: Integrating

* Lar trigger electronic prototype ready prototype sphere + DC LED matrix in RPC electronics
 Tilecal ready for preproduction > Pisa o
* RPC electronic testing prototypes :3: (2% prtotype

bPOL12_2VSA1
SR

bPOL12, 2V5B2 -

bPOL12_1V2ADCA

bPOL12_1V2ADCB
a/ge N 3

|- 13
o S

bPOL48Y _1
- N

Cooling system with
heat sink and fan

"

16 green LED array

Service integration test



CMS Phase 2 at INFN

Tracker support tube

Tracker OT sensors, ASIC produced, IT sensor, ASIC prod ongoing
ECAL “enforneur” ready, chip production ongoing

MTD BTL Lyso, SiPM, ASIC procured, testing assembly

MUON DT electronic prod started, iRPC components procured

CROC Chip Readout
Chip / Pixel Inner Tracker

Timing layer BTL tray MUON GEM




CORE funds for construction spent todate

(Extracosts in orange)

CMS

3829 kEur

Muons + L1T
tot 4136 Mu + 182 L1T

8943 kEur

Tracker
tot 12727

2639 kEur 937 kEur
ITk TDAQ
tot 5077 tot 2038

|

ATLAS CORE funding
S CMS CORE funding

589 kEur

TILE
tot 535 + 54 extra

300 kEur

LAr
tot 1549

3745 KEur

MTD
tot 3573 + 419 extra

2110 KEur

ECAL
tot 1726 + 384 extra

|
I

OKkEur

4283 kEur

MUON
tot 5107

LUCID
totO

Final extra-costs still under evaluation by the experiments, expect = 25% extracost

Notevole impatto sul budget CSN1 fino al 2028 (incluso)



LHCb proposing Upgrade 2

VErtex LOcator (VELO)
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Timeline

Run 3

Run 4

2024

2025

2026

2027

2028

2029

Run 5

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

Construction phase

Installation

Exploitation




LHCb Upgrade 2

CSN1 review of possible INFN participation started

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-LHCC-2024-010
ﬁbg LHCb-TDR.026
September 2, 2024

LHCDb Upgrade II Scoping Document

LHCb collaboration

MIDDLE : 1.0x10°*cm>2st — 260 fb~, all sub-detectors included

reduce granularity (to account for lower lumi), detector features as in Baseline module 0.

LOW: 1.0x10°*cm™>s1 — 260 fb?, no TORCH and Magnet Stations

The U2 objective is to
integrate=300 fb-1 at Run 5 and 6

NEW :Scoping document ready
Simulazioni with three scenarios

—>

ALSO NEW: Detector enhancement
at LS3, anticipate some upgrades

Two examples of
scenarios for tracking |

VELO: reduced acceptance, heavier sensors, Mighty Tracker: minimal area of pixels
and reduced outer acceptance of fibers, PicoCal: no long. segmentation on outer part

Baseline  Middle Low
Lpear (10* cm=2s71) 1.5 1.0 1.0

(kCHF) (kCHF) (kCHF)
VELO 16672 15906 13753
UP 8077 7719 6887
Magnet Stations 2592 2234 0
Mighty-SciFi 21767 21273 17388
Mighty-Pixel 15994 11641 11061
RICH 21450 18415 14794
TORCH 12508 8756 0
PicoCal 27607 27607 21584
Muon 9785 8266 8266
RTA 18800 11700 9500
Online 11800 9467 8993
Infrastructure 14463 13284 12430
Total 181515 156268 124656

Low

and particle id ine Middle
1.5 x 10**cm™2s

1.0 x 10**cm2s7!

1.0 x 10**cm™2s7!

~* VELO

RF foil 75 pm

tions, n < 4.8 32 stations, n < 4.8
module 0.8% X
RF foil 75 pm

28 stations, n < 4.7
module 1.6% X
RF foil 150 wm

A

TORCH
18 quartz bars 12 quartz bars removed
225,000 channels 158,000 channels —




Belle 2 at Super KEKB : restarted after LS1

Belle Il Online luminosity Exp: 7-35 - All runs
17.5 1

Integrated luminosity
B Recorded Weekly
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Jan 29th operation resumed, Feb 20th first run collisions
Unfortunately running plagued by sudden beam losses
Pixel detector suffered (small) damaged, kept off for most
of the 2024 run
Injection problems, beam current limitations
The Belle 2 apparatus is generally in good shape, in
particular the detectors of INFN responsibility
Published interesting papers with the current statistics

* e.g. best UL for B>K*tt
Proposal for detector upgrades during LS2
CSN1 is going to review the proposal, for the moment
funded limited R&D for tracking and PID

Belle 2 completed Long Shutdown 1 (LS1)

Data taking restarted in February 2024, ended in
December 2024, 10 months shutdown in 2025
Accelerator consolidation at LS1 should have allowed
the machine to reach 2.5 X 103> cm™2 st luminosity
More work and ideas needed to reach the design
luminosity of 6 X 103> cm=2 st

10 ; Y . 60
r:— — | peak(Target)
Zf‘,‘ 8 [ ——rnt. Liab-1] 50
loU
2 40
X, 6
= 30
8 4
> g 152 e
- |
-
¥ =I 110
a LS1
0 1 0
2019 2024 2029 2034

[,.qel7 i



Three layers of new BES Ill GEM tracker, designed and constructed in Italy, are now
ready in Beijing. There were commissioned collecting cosmics, insertion in BES IlI

took place in October 2024.
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Neutrini in CSN1

. SND@LHC (from 2021) DUNE and Hyper-K: different

detectors, different strategy

. DUNE:

+ Very long baseline — large matter effect

 DUNE (from 2024)

- Broadband neutrino beam — high statistics over full
oscillation period

* Icarus (from 2024)

* LArTPC — imaging + calorimetry for v-Ar
interactions at ~2.5 GeV

* Highly-capable near detector to constrain systematic
uncertainties

 Hyper-K:

* Hyperk + T2K (from 2025)

+ Shorter baseline — small matter effect

 ENUBET (*) (from 2025)

- Off-axis location creates narrow beam — very, very
high statistics at oscillation maximum, less feed-down

. Water Cherenkov — kinematic measurement of E,

. from v-O interactions at ~0.6 GeV
(*) measurement of the positrons

produced in the decay tunnel of
conventional neutrino beams: these
particles signal uniquely the generation
of an electron neutrino at source.

+ Highly-capable near detector to constrain systematic
uncertainties




The Deep Underground Neutrino Experiment (DUNE)

South Dakota  sanfora - Fermilab

Underground
Research
Facility =g

mm———m———=
s S b

mEEeT T

INFN plays a significant role in both the Far and Near Detectors

* FD:important commitments in the realisation of the Photon Detection System (PDS)
* the first two modules of the Far Detector passed the Production Readiness Review and are under
construction, the PDS is the largest spending driver of DUNE-INFN in 2023-25.
e on crytical path to start science end of 2028

* ND: major responsibility in SAND, based on the KLOE MAGNET and ECAL, plus
additional liquid argon target with imaging capabilities (GRAIN) and CH,/C-target
TRACKER (straw-tube or drift chamber)

 SAND aims at being in-line for first beam in 2031




DUNE FD PDS (photon detection system) @ INFN

PDS electronics Caverna a Sanford in completamento,
INFN postdoc installing a PDS installation at consegnata agli utenti a inizio 2026
module in PI’O’[ODUE-HD ProtoDUNE-HD - "

Critical Path to start of
science — end of 2028

Start of beam operations — early 2031




D U N E MAGNET — KLOE 0.6T superconductive
coil + Fe Yoke

ECAL - KLOE Lead Scintillating Fibers
—— calorimeter (Barrell-23 ton Pb- +
~~~~~~~~~~~~~~~~~~~~~ EndCaps)

STT -5 ton Straw-Tube tracker with
“solid-H” target CH, and C interleaved

slabs

GRAIN —1 ton liquid Argon target with
el VUV imaging system (fully optical read-
out)

SAND, a multipurpose detector with an
high-performant ECAL, light-targeted
tracker, LAr target, all of them in a
magnetic field




iper-Kamiokande, T2K, Super-K

Run/Analysis

Upgrade

Construction

* T2K/SK running
experiments

- Analysis: OA, new
samples, xsects

- SK-GD: 0.03% Gd

* T2K-II assembly
and installation

- Beam upgrade
- ND280 upgrade
— Nuove HATPC

* Hyper-K design
and construction
- mPMTs
- FEB 20" timing

— computing

Data taking
Analysis
Run until 2027

Upgrade May 2024

Final Design Review
Excavation
Procurement
Run 2027-




NFN commitments Italian contribution in Hyper-K
. N perK :c\llo:t Zfl:hié.sal\l|r2eady Multi-PMT 1B - =
, unded by ! >

300 mPMTs, out of 808 mPMTs in total. Initially proposed by the Italian group
* Elettronica

TPC3
FGDs TOF TPC2 > Front-end digitizer 20" PMTs  (+OD 3" PMTs digitizer design, in collaboration with
High-Angle TPC UK)
> Timing distribution (in collaboration with LPNHE and IRFU/CEA)
* Computing

> ~25% of Hyper-K computing 2023-27 at CNAF. Development of WAS, collaborative
tools, database. Preparation of analysis tools

Near Detector

>

Construction of two new TPCs for near detector upgrade di T2K (it will be part of
the Hyper-K near detector). In collaboration with France, CERN, Spain, ...

FGD1 Downstream i PMT Acrylic Dome

Ecal
SuperFGD

Upstream Ecal High-AngIe TPC AI ready fu nde Support

.— | and produced —

Table 2: Work package 2, High Angle TPCs detector deliverables in KCHF

Cylinder

_ TPC | Sum | Krakow | RWTH CEARN INFN | IN2P3 | Saclay | Warsaw | IFAE

Field Cage {555 549 6 . .

i = T = I  Hyper-K INFN funded 5.3 Meur + installation costs

TPC mechanics 193 39 ) 24 130 PS PMT 3" tender completed

_E.l_cct_ror_lics | 380 170 170 21 19 .

Pomp—— 276 276 *  mPMT mechanics and other components (cables, connectors,
HV.LV 134 74 20 40 . °

R ¥ etc.) currently in preparation

CERN 10 LPARC | %0 | | * FE electronic tender currently in preparation

__T‘Qlf_!____ 1900 39 108 574 549 214 370 21 25 ° Mass prOductlon 2025-26
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“Piccol

Due esempi recenti :

esperimenti in CSN1

Vari esperimenti di “piccole dimensioni” sono stati finanziati o considerati per finanziamento in CSN1

The muEDM experiment at PSI

Sigla aperta Feb. 2025

proposta in corso

*+ Muons enter the uniform magnetic field region via SC injection lines. Correction coils are used to increased the storagg

efficiency

+ A radial magnetic field pulse stops them within a weakly focusing where they are stored
- Radial electric field “freezes” the spin so that the precession due to the magnetic dipole moment is cancelled

Top View

Correction
PSC solenoid / o

£z

Front View
(mirrored, zoomed)

Scintillating fibers -

Decay positron
Ground shell
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|E.
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/ X
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~ SC shield

/ /
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Muon end Magnetic pulse
detector coil

HV electrode

Entrance trigger

A
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Scintillating fibers

Muon monitor
and start detector

Detector
Split Vy Decay ’jA LA) )IN
halo I é}' products
Secondary / Acetal.

Halo _ﬂo’—————' »

=== | ki

e I e i >

TCP TCCS TCCP y
Precession s

LHC Double Crystal FT Experiment — (Proposed 2029+)

Primary Splitting

Collimator Crystal i

Crystal

First direct measurements of Aj, Ej magnetic (MDM, u) and electric (EDM, 6) dipole |
moments. NO measurements to date

Vedi anche UA9 nelle slides addizionali




Preparing the future at CSN1: FCC @ INFN, Detector R&D

IDclcctor height 1100 cm

Yoke 100 cm

il
10 rows (2, 4, .., 20) of Cherenkov \ ~ \
i » "

channels

IDEA detector for FCC-ee

I Preshower

~ DCH Rout =200 cm

DCHRin = 35cm

Cal Rout = 450 cm

‘..Of/l j ¢
ooce /

DQUTCALORIMETER 48

S

[fibres non-illuminated]

Example: developed a detailed
design of the vertex detector
region, with MAPs based
silicon sensors. Integration
takes into account crossing
angle and other accelerator
constraints

Prototype of uRWELL
detector for muon
chambers , tested with
new TIGER low noise
electronics

INFN MEG Il Drift Chamber as a

prototype for FCC Tracking

—

MEGII Drift. Chamber

Collaboration with FBK for
Digital SiPM CMOS dedicated
to fiber calorimeter




Detector R&D towards a Mucol experiment @ 10 TeV

Radiation damage in detector @ 10 TeV

Tracker silicon sensors + electronics: DRD3/DRD7
LGAD-4D tracking new thin sensors — also ERC COMPLEX TO

MAPS to face higher occupancies @ vertex inner layers PD

e.m. calorimeter: DRD6/PRIN

CRILIN: crystal calorimeter with longitudinal information

Full size prototype: 5x5 crystals and 5 layers - 21 X, and 1 Mg
LNF + PD + RM3 + TO + ENEA + YALE

hadron calorimeter: DRD6/PRIN

MPGD-based HCAL: prototype with 20x20 cm”2 detectors — BA
timing muon layer: DRD1 - WP7 MPGD Timing Detectors

picosec — PV

TPC atmospheric pressure @ demonstrator: DRD1

3 prototype detector — sinergy with neutrino physics — BA

Per year of operation (140d)

lonizing dose  Si 1 MeV neutron-equiv. fluence

Vertex detector 200 kGy 3x10w.n/cm:
Inner tracker 10 kGy 1x1015n/cm:
ECAL 2 kGy 1x101an/cm:




Accelerator projects for particle physics @ CSN1

R WPI
Coordinating the efforts Cristian Pira ((INEN 1 snon cu

= = | to boost participation V\?PC;atings s
— = and include the INFN SRF cavities surface Polishing =

via PEP
accelerator community, R&D for

IR based on the crab-waist scheme, compact and crowded with tight constraints and many technical challenges > . . FCC- ee
mockup needed for R&D and prove state-of-the-art technological solutions and test its feasibility I n Syn e rgy WIt h ot h e r

It will be built in Frascati in joint venture CERN-INFN.

Addendum KE5815/ATS signed by INFN 26.01.2024

L3
Relevant dates from Addendum: p rOJ e Cts

Starting date 1.11.2023

Delivery to INFN-LNF of the central vacuum chamber 30.11.2024 Manuela BOSCOIO |NFN_LNF
End date 31.12.2025 ’

FCC-ee Interaction Region
e 1B Mock-up Region

central region about +1.2 m — K 3

INFN Accelerator European Strategy Program

Four flagship projects

with special INFN Funds : —— ;
@ Progetti per Acceleratori di Particelle per prossima European Strategy C

L Monaco (= 2 MEUR+personnel) | #=  myon Collider R&D activities INFN

INFN Milano — LASA Istituto Nazionale di Fisica Nucleare

HighQ/HighG SRF R&D Common review by - | =
CSN1 and MAC Qs

SHINE

L(‘LS—H:P_H** LCLS-HE, FCCee co m m ittees : — ( | 5

CEBAF-12 GeV ¢ XFEL e ILC. MC
SNSPPU% %

* WESS
SNS

Quality Factor (Qy)
S
mogenic cost

| e
9-cell 1.3 GHz cavity —

| IR s i Giowe=""_ ESPP: WP2 IONIZATION COOLING - DESIGN

Acocelersting Gradieat (MVi/om) NN ) AND STUDY OF A COOLING CELL




LHC long-term schedule and OTHER main CSN1 projects

New ESSP ——

2021 2022 2023 2024 2025 2026 2027 2028 2029
3[FIMAM]3]3]AlS|ON[D| [ FIMIAIM] 3] 3|AS|OINID] 3] FIM]AM] 3] 3| AlS|OINID] 3[ FIMIAIM[ 3] 3] AlS|OINID{ 3] FMIAIM] 3] 3 |A[S|OINID] 3T FIMIAIMI 3] 3| ATS[ONID| 3 [ FIMIAIM[ 3] 3] A[S|OIN[D| 3 FIMIAM] 3] 3| AS|O[N[D] 3] FIMIAIMI 3] 3 AT S|OINID)
ol e s mll MTLENN DILIACIC >
U | CIHINY A\ LALL ’ g
I | 1 Run3 | X | Long Shutdown 3 (LS3)
i Llc FFIADL £ L i T | :
T N Ry petk E 1 CB U2 |
BELLE 2 U2
2030 2031 2032 2033 2034 2035 2036 2037 2038
lf|M|A|M|J|JASONiDJ FIMAM]3[3]AJS|OIN[D] 3] FIM/AIM] 3[ J]ATS[OIN[D] 3] FIM/AIM] 3[ 3] ATS[OIN[D] 3] FIMIAIM] 3] 3] ATS[OIN[D] 3] FIMIAIM] 3] 3 |ATS[QIN[D] 3] FIM[AIM[ 3 JASONiDJ FIMAM]3[3]AJS|OND] 3[FIMAM]3[3]A[S|ONID]
Run 4 \ LS4 \ ‘ Run 5 ’
2039 2040 2041
J|FIMAIM| 3] 3|AlS|o|N[D{ 3] FIM[AIM] 3] 3| A[S|OINID] 3| FIMAIM[ 3| 3 |A|S|ON[D} Shutdown/Technical stop
- | Fcc_ee Protons physics
Ions
Commissioning with beam
| | | Hardware commissioning

Last update: April 2023

HL-LHC : Run 4, Run 5, Run 6 at least 3000 fb-1 for ATLAS e CMS (ultimate lumi 4500 fb-1)
Upgrades LHCb [and ALICE] Fase 2 : Run 5 e Run 6

FCC-ee : start 204X dictated by CERN budget, anticipated start tecnically possible



Considerazioni finali su CSN1 e comunita acceleratori

* La CSN1 e’ passata dall’avere un Laboratorio Nazionale di riferimento
 LNF (ADONE, DAFNE, SuperB) m—)

* a supporto/interazione con almeno 3 laboratori legati alla comunita nazionale
acceleratori

* LNF, LNL, LASA (e ora con DUNE anche LNS)

e Questo e legato soprattutto, ma non solo, a supporto e R&D per futuri grandi
progetti di fisica delle particelle (FCC, MuCol)

* Abbiamo avuto una prima esperienza di review congiunta (CSN1 — MAC) di progetti
legati a sviluppo di componenti per future macchine

e questo approccio va nella direzione giusta: la CSN1 puo’ fornire la spinta
motivazionale per i futuri progetti di acceleratori, ma non possiede tutta
I'esperienza tecnologica necessaria per una review completa e puntuale




ADDITIONAL INFORMATION



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

VErtex LOcator (VELO)
Run 3: pile-up ~6

(

Upgrade II: pile-up ~42

.Y (mm)

8830388

. Y (mm)

W=
ooooogg
fREY DR




The Belle Il detector and INFN commitments

Taken over KL and muon detector

from Belle . . Resistive Plate Counter (barrel outer layers)
Super conducting solenoid scintillator + WisF+vppc [}
1.5 T B-field

(end-caps , inner 2 barrel layers)

|

M.

Particle Identification
Time-of-Propagation counter (barrel) TOPI I
Prox. focusing Aerogel RICH (forward) ARICH

Central Drift Chamber

EM Calorimeter
Csl(Tl), waveform sampling electronics I

Trigger
Hardware < 30kHz

Beryllium beam pipe
b PIp Software < 10kHz

2cm diameter | ¥

Vertex Detector ... _
Final focus system Qcs  Positrons (4 GeV)

4 layers Si double sided strip DSS Set of super conducting
magnets very close to the IP

Central Drift Chamber

Smaller cell size, long lever arm
New for
Belle Il

Belle Il TDR arXiv:1011.0352



Summary
Schedule
with Critical
Paths
through
Start of
Science
(FD1) and
Beam-on

»

Notes:

- Fiscal Year display

- Early completion
dates shown

Cryogenics Install CUC DOE Tazk

Detector Install 7 Milestone

Detector Install 42
In=tall and commission LAr Pumps #1

Purge, Cooldown and Fill Cryostat 21!
Critical Path to start of

. Purge, Cooldown and Fill Cryostat 32 1o 40% - KPP me
science — end of 2028

Commission Detecto,
Start of

2013 2018 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
0 01 0208 QL Q1 OZOS 0401 203 0401 QO NMOQLOZ 002 QO 0903 QAA2 QU0 0102 Q0504 D O2 004 Q2 0* O3 QL0205 (Ol 0208 Q& Q1 Q2 Os a4
€D Milestone @ Fscrexcen 23
i
o
e i (i eepasos Favorable
AUP: North and South Cavern
S———  w— — -
FSCFES Bullang & Site Infrasructr execution
FDC | ) i R | | Far Detector Components #1 - Design and Fabrication
l 1 schedule
| | | | Far Detector #2 Components - Design and Fabnication
Cryostar 41 Set-upandlnstalatla_I Task Type enabled by
Cfyostar &2 Set-up and Installztion | | | 0Ot & NoNDOE Task new DOE

funding
profile in
March 2022

| Bearmiine Design

N Hor n Power Supply - Design Fab) Assemide

’G Prelimn!ty & Anal Design Complete
Horn Prototype TaLnu Hom 4, B, C Fab/assembie [
NS ConvemioT Faclities - Funding Start Consraley

Near Detector Hall Construction [
i Target Compiex Construction & Beam Jnstall [

Absorber Ca%'d:x and Decay Pipe Construction and Beam Instal

!
Primary Beam & Extraction En:losureg Construction and Baam Install (inc! Long Shutdown)
!

13
Baam Ch

=
>

Start of beam operations — early 2031
Beam Checkout Complete (NS

18 May 2023

NSCFiB
Start of near site
facilities
construction — mid
2025
()}
L=
(¥p)
-
©
()}
P
ND

Muon Spectrometar Design

Procure, Fabland Assembly of Common Cryo Theeshold —
Procure, Fab, Testing and Defiver PRISM [
Pmcure Fab, Testing and Delver - Muon Spectrometer [T

i Prism, Detector and Cryo Threshoid Installation and Oheckout (Threshold scope) [N | /

Near Detector on-line— mid 2031 »
. Near Detecior Objective Scope Complete (xpvsku) &

Y BNF/ U0




Eveni

SND@LHC

6l I | I | I I I I I

—

A\

N

—+— Data
@ Neutrino simulation

- Neutral hadron simulation

Neutral hadron simulation

at 5 o limit

—_—— —

N

787 observed events and an
expected background

(7.6 +£3.1) x 1072
Background only hypothesis probability:

0 100 200 300 400 500 600 700 800 900 1000
Number of SciFi hits

oo A0

C 3 e

Number of events =
_observed: 6

P=148x10"2 [

7.0 o observation

W 2024: OBSERVATION 'OF

S

£
~

Events

EVENT

5

NE Qu S

SND@LHC PRELIMINARY
dh
m —e— Data
m v,CC simulation
| VNC simulation
| v,CC simulation

XY v,CC simulation

- Neutral hadron simulatior|

Lot T
10 15 20 2

5 30 35 40

Density-weighted SciFi hits




*ereditato
L ‘ da MEG Liquid xenon photon detector @

I\/I EG 2 at PS' ‘3 Foreseen sensitivity

Taking data from 2021: number of muons § / e N e e e T :
on target steadily increasing S VT T S MEG UL :
Unfortunately data taking in 2024 not s i s I .
started, yet, due to PSI Cryoplant problems | e e dcoy i Rrc ] | I :

107" = =

oIy ¢ ozjul 01Sep ___ OL/Nov

0 50 ' l l 100
105 Accumulated DAQ livetime [week]
g, 04— 77 )7 Jmm -
2% c =
2 0.35 :_ Last run: 557189 (2023-11-09 08:10:39; / —: . _13 .
T b £ BR;, <3.1x10 First result of MEG 2 on 1 = ey
< 03F ) — = F MEG - MEG Il combined — . .
= - 22 T 100065 = % 12 | K. Afanaciev et al., arXiv:2310.12614
g 025F —*- 2023, : 9.60e+06 - _? - ]
g 0.2 ;— 2023 _i 10 Combined _:
0.15; 2022 _f 8 """ MEG II 2021 _:
= o MEG 2009-2013 ]
0.1 = 6 ]
005 / = ) ]
o, 2 L / L1 Lo vy = &

x10712

P S T TR S T T S S S R
0 0.5 1 1.5
Branching ratio



NA62 Beamline & Detector mrpannees  MAGZ £

* Unseparated hadron beam Herm:tlc gr(;otor:j veto: gz
. e ma aaronic
E J k (”+ 7570%/P 23%,K* : 6%) / Calorimeters
— 5 | K":75GeV/c (x1%)
2

o= 1+ Nominal intensity: 750 MHz beam, 5 MHz LAV STRAW -

K™ decays in ~60m decay region. Large Angle photon TJ—T T— i
veto (12 stations) ' ; .

1 + ¢ GTK
. arge ;

400 GeV Protons 9 KTAG <+—— Decay region ——»

from SPS =@ »B—- CHANTI Vacuum

[Nominal: 3.3 x 10** per spil) il FV:105—180 m 30_%m3 :
1 Cherenkov kaon tagger. 6(107") mbar Small angle
i ’ hoton vetos

=1 o, = T0ps | RICH 2

i I Beam spectrometer J l'._l l’ ltKr Dum o]
il Spectrometer: 4
-2 T STRAW chambers o, = 70 ps |

., iy il
0 B ' l ' l(l)O ' r ' | 150 ' ' ] ' 2(I)0 ' ' ] l 2&0 | Z'[m]
2021—22 data

" il . ' BNL v Combining vith 201618 data for ull 201612 reslts:

- - NA62: 2016-18 | ' M= 163, Ny = 51 (sing b categoris for B enraction)

« 0.06 | - _ -
NAGZ PRELIMINARY | 48y gl )= (310" = 80 (1) 10"

: k @ 1 ' . : = L .
o0z |M + Background-only hypothesis rejected with significance £>",

o , ' . _ . . R
o0z —e—4  NA62: 2016-22 | it obsersationof K™ - 7773 decay; BR cnsistent with SH recicton ithin 17
oodF SM [JHEP 09 (2022) 148] _ . .

z: - NA62 PREL'M.'NABY - SM [EPJC 82 (202 2)7, 615 o Need full NAG2 data-set to clarify S agreement or tension,

15 20 25 30 35 40 45 IR SEIN S R B R [ AR !

xt momentum [GeV/c] 5 10 1 5 20 25 30 35 40

B(K —n vv)x10"



The MuZ2e experiment at Fermilab

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

._—""“”"‘-‘ ,'V
,uml“‘”m”]}L o
/

Project Scope Commission .
J P . Physics run
complete with beam
FY2024 025 FY2026 FY20 FY2028

Mu2e construction (Project)
final installation & prepare for beam
commission with beam + data taking

Accelerator shutdowns

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

Long shutdown

\

w i"!‘ \‘ \ "».A ‘

The experimental hall with the recently installed
Transport Solenoid (AGS Superconductors Genova)

assembled with crystals
(INFN responsibility)



Other exp in backup slides, but
cannot avoid mentioning the

“\“ \
\ _}\

‘.ﬁ;

" Mu2e Calorlmeter (INFN)




UA9, cristalli per manipolazione fasci

NEW configuration

5 6

==

incoming tracklet: 1 & 2
flexible track reconstruction with planes: 3,4, 5, 6

-12.4 -9.9

10.8
-13.7 -9.6 o 94 3.8 10.3 19'139.5
L [ L l il | 1
1 2 3 a 5 6 tm]
| |= =] | = [
trigger Gonio 1 granite table Gonio 3

| Tracker planes 1 to 6 |

Goniometers 1 to 3

S— | B ¥
‘ ‘ S I S S —
XCSH_ 44
| _ I I
ﬁ}g RARES MC ! XCSH. 4P4 GNC 427 sicaa ]m-;‘] P i EWqu; 1 | —
ACAH 416 —)—' l ‘ ‘ H"\—' XVP| 443 , -—
\ ‘ ‘ ‘ ‘ ‘ [ PPE ‘ ‘L — 1 ‘ ‘ ‘ ‘ ‘
] I \ T 1 T T T T T T T T T T T I T I T I T T T TI]
trigger

Single station position might float by up to 0.5m



