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Future Colliders — Why and How?

Several open questions in the Standard Model:

Explanation of Dark Matter, baryon asymmetry, and inclusion of gravity
Neutrino masses and mass hierarchy of known particles

Step 1: Precision measurements = Indirect evidence of deviations!
Several proposals for future e*e™ colliders: FCC-ee, CLi1C, CepC

As high-luminosity Higgs and top factories, enabling high-precision
electroweak measurements. [1]

Step 2: Energy frontier = Direct search for new resonances!

The FCC foresees a long-term program including a hadron collider:FCC-
hh (~100 TeV), natural continuation of FCC-ee, with ion and e-—hadron
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FCC-ee Program:

‘ Process Energy Duration
Z-H Maximum ~240 GeV 3 years
tt pairs ~365 GeV 5 years

e” Z boson ~91 GeV 4 years

WW production >~161 GeV 2 years

IDEA Detector — Innovative Detector for Electron—
Positron Accelerators [2]

Clean experimental environment — high-precision measurements

® Control of systematic acceptance uncertainties (order of um)

® Excellent momentum resolution and flavor-tagging capability=
Precise low-mass vertex reconstruction, outstanding tracking
performance, high granularity

Collision ® Excellent energy resolution for electrons, photons, and hadrons=

106 e e— ZH High-resolution dual-readout calorimetry

® Strong ¢ /y/n° discrimination= Enables t lepton identification and

polarization measurements
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® Muon identification and reconstruction beyond the calorimeter
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IDEA Detector Concept

( Strategy extracting Cherenkov signal and Test beam\
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Dual-readout calorimetry [3,4] : )\

From the inside outward: Technique: o
® Contemporary measurement of } COMPONENT » both scintillation & Cherenkov light
® Vertex Detector (VTX .. : g s e | m " (fem)
® Drifi Chamber (I()CH)) ® scintillating crystal for detection of EM Scintillation and Cherenkov light: L - } oo R
c : A PUR— COMPONENT » almost only scintillation li
® Silicon micro-strip outer layers EHEIE -analysis even.t—by—event of the —_ (1 fem) ’ :
® Superconducting solenoid (2 T magnetic field) - ullirki-boie selEned electromagnetlc component of
® hadron calorimeter based on scintillating and hadronic showers. ;
® Preshower * use of multiple
: quartz fibers :
® Dual-readout calorimeter Strategy with Crystals: channels
® Muon system + return yoke / ® (oal: discriminating the Cherenkov sional t :
: erenkov signal: prom .
" F 3 /ScEPcal i i T Dual readout HCAL Cherenkov signal from the — Scintillation sig nalsI') lon per — P0531b1§ waveform shape
5 Preshower & \ -y Scintitating Abers Scintillation signal inside Shas. ToHg Analysis study
: . o g \ . = e different crystal samples: + using time
5 o ' DCH Rout = 200 cm / 3, ce DO D\
o 7 '|-— 7 T R S Brass capillary 9.06.0,.0.0,.0 > response
= s 1§ L g)o:—lilgommmr{\ X o
L s DCHRin = 35cm -
= — ,"' °
- e \\I AN = Basic Setup:
SClehe 6x6 mm?* SiPM:
] |
2 Cal Rin = 250 cm 3x3 mm? SiPM: S SiPM 3x3 mm? csirmexe @ collects Cherenkov
AT ® collects scintillation 10 pm mm* 50 pm light, 50 pum SPAD
Cal Rout = 450 cm light, 10 um SPAD \ PWO, BGO, BSO (12x12x150 mm’) / pitch and larger
! - pitch to prevent ] i : geometrical acceptance
SRS T ST T | S b : microcell saturation 1 | ' to maximize photon
/ collection efficiency
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The expected scintillation-to-Cherenkov photon Number of Scintillation photons

KStudy of Charge Ratio Variation in angular scan
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PWO 6 = 60°

PWO 6 = 120°
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ratio for a MIP is of the order of: Number of Cherenkov photons 100
BGO
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® Use optical filters to select the specific - Sﬂ%iﬁﬂyd E
region of the light spectrum and favor the ,f"mm“"" """""""""""""""""""""" [ kil A B e
Cherenkov signal f ‘ \ fl i3

Transmittance, PDE [%]
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5 — ® We studied the 2D charge correlation
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° ® Linear fit performed: for pure
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Test Beam at CERN North Area site
® From 17-24 July 2024 we carried

® The primary goal: demonstrate and

out a beam test at CERN SPS H6
beam line

quantify the collection of
Cherenkov photons

P2 @ tests with positrons (10-

100 GeV), mu+ 120
GeV

' ® we have performed
several runs at different

angles
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. Charge ratio peaking at the C emission angle
- smoking gun of cherenkov detection!

scintillation, the slope would be
angle-independent.
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® Repeated for each
crystal and each run
of the angular scan.
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/Cherenkov component extraction Strategy"
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e Waveform shape analysis of the The Cherenkov template is

filtered S1PM exploiting the distinct | |obtained from dedicated laser

The Scintillation template 1s

generated by convolving the SPR
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4] Combining Dual-Readout Crystals and Fibers in a Hybrid Calorimeter for the IDEA Experiment, M. Lucchini et al. ( The IDEA proto Collaboration), PoS EPS-HEP2021 (2022) 850

timing of Cherenkov and calibration data using a with a double-exponential decay :
scintillation hght Temp]ate ﬁtting Hamamatsu laser, pI’OVidil’lg the function representing the j &\-ﬂ j
used to disentangle and quantify single-photon response (SPR). scintillation time profile of the
both components; == crystal. S | *‘ g e iy N R
COHC]“SiOnS | e Future Work: large prototype:
' , e We have secured a test beam slot at CERN,
° We are p erformmg a fit on the scheduled for May 2026, with an upgraded and
e In this test beam, we were able to test different types of crystals single wavetorm in order to larger setup.
and filters in various configurations. derive the scintillation and
e Initial studies with 2D histograms confirmed the ability to cherenkov components. Goals:
observe an effect that could serve as a smoking gun for e In addition, we are working on e Study of the longitudinal development using
Cherenkov signal detection. Identified the correlation between the simulation with GEANT4 to short (6 Xo) and long (16 Xo) crystals
the Charge ratio of the two SiPMs and the emission angle. compare with the data taken at the e Transverse shower containment (2.5 Rm)
test beam. e Dual readout in the back for C/S separation
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