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The nightmare scenario?
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The nightmare scenario?

It doesn’t have to be
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Where we go from here

@ /eedto look for indirect evidence
@ Needto look everywhere
@ /Veedto get the most out of each experiment
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Including the LHC
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Including the LHC

The CERN accelerator complex
Complexe des accélérateurs du CERN
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Timeline
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Run 4 LS4 Run5

Shutdown/Technical stop

Protons physics

Tons

Commissioning with beam

Hardware commissioning/magnet training

Last updated: January 2022
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LHCDb

A flexible, general-purpose detector

“Future physics potential of LHCb” cds.cern.ch/record/2806113 M. Rudolph



Not just b (and c¢) physics

Opportunities across the frontier

Kaon decays (RF 2)

BLV, LNV, LFV in decays (RF 4 and RF 5)
Dark sectors (RF 6)

Electroweak measurements

Nuclear physics
.L?

“Future physics potential of LHCb” cds.cern.ch/record/2806113 M. Rudolph 9/28



b-physics

Unitarity triangle in 2030s
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Dark sectors
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“LHCb future dark-sector sensitivity projections for Snowmass 2021” arXiv:2203.07048 M. Rudolph 11/28



Upgrade |
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Upgrade |l

@ Plans for Upgrade Il outlined in recently released FTDR

@ Requires new detector R&D: one exciting aspect is picosecond timing
throughout the detector
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CMS and ATLAS

@ ATLAS and CMS also contribute for B decays
@ CMS projects BY/B° — u*u~ unc. of 7/16%
@ Other possibilities:

& KOu*u~ angular analysis

& §sin B — Jwo

a Hadron spectroscopy

ATL-PHY-PUB-2022-018, 2204.06667 M. Rudolph 14/28



LHC experiments

FASER and Codex-b, et al
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Kaon physics at SPS

Rare decays and dark sectors
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Belle Il and SuperKEKB

@ Program just getting started
@ Possibilities beyond b-physics in
LFV, dark sectors, and more

Many white papers at this link

KL and muon detector
Resistive Plate Counter (barrel outer layers)
C

Scintilator + WLSF +
(end-caps , inner 2 barrel layers)

EM Calorimeter
CsI(TI), waveform sampling electronics
Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

electrons (7 GeV)
Vertex Detector

2layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

“aty

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

Belle Il TDR, arXiv:1011.0352
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https://confluence.desy.de/pages/viewpage.action?pageId=171250436

Belle Il

b physics
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Belle |l

LFV and dark sectors
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Belle |l upgrade

Including polarized beam

@ Possibility to upgrade for more luminosity beyond 50 ab~"
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“Upgrading SuperKEKB with a polarized elctron beam: discovery potential and proposed implementation” M. Rudolph 20/28



BES Il

+ Super tau-charm factory

@ c"e inthe t/charm region
important part of total flavor program

@ Higher luminosity STCF upgrade
proposed

arXiv:2204.08943; 2203.03211, 2203.06961, 2203.07141 M. Rudolph 21/28



Electron lon Collider

p/A beam electron beam
-

high-qQ2

@ Physics plan touches on this
frontier:

& Heavy neutral leptons
a Hadron spectroscopy

@ Worth pursuing more involvement?

Central Endcap|
Detector

“Heavy neutral lepton searches at the electron-ion collider” arXiv 2203.06705, 2103.05419 M. Rudolph 22/28



What’s on the horizon?




Thinking ahead

Short and medium term: LHC until ~ 2040

Belle Il until 2030+, more if upgraded

Opportunities with other experiments ongoing or planning for 2030s
Operations, analysis, and upgrades cover the 10+10 Snowmass timescale
Longer term: colliders don’t just materialize

Frontier needs an opinion on which options worth pursuing

M. Rudolph 24/28



FCC-

@ Opportunities for precision measurements across the energy range
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The Future Circular Collider: a summary for the US 2021 Snowmass process” arXiv:2203.06520 M. Rudolph 25/28



B physics prospects

FCC-ee Simulation (IDEA Delphes)

t  Generated data
e Total fit
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@ Can measure decays unavailable
elsewhere, like Bf — tv
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arXiv:2203.06520, 2105.13330, talk by S. Monteil yesterday M. Rudolph 26/28




Other future colliders

@ Are there RPF possibilities at a linear Higgs factory?
@ Would a muon collider be better?

Refer to earlier talk by M. Franco Sevilla M. Rudolph 27/28



Conclusions

Search for new physics requires a broad program

Large collider facilities provide many opportunities, important to make the
most of them
Extracting maximum physics from LHC and Belle |l a top short and medium
term priority
Need to start thinking about > 15 years:

e |s the message that the next large facility should wait for a clear target?

a Is broad program of FCC-ee attractive?
a Regardless: ensure that multipurpose detectors are useful for precision studies

M. Rudolph
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