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Outline

• Introduction & LHC program

• New directions at the LHC

• Physics beyond colliders

• Neutrinos

• Energy Frontier projects

• (Other topics)

• Summary 

Comments
- personal selection of topics
- Not specially emphasizing flavor program
(Many talks already included most info) 

In search of:



Recent Particle Physics Strategy Updates

European Strategy for
Particle Physics 
2019-2020 

Snowmass 2021
Still being finalized:
-SM-2021 book to be
completed by 10/22

P5 panel will follow
-Start fall 2022 and
aim for report late 
spring/early summer
2023 
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NB: Snowmass 2021
had 9 frontiers…



Setting the Stage…
M. Carena @ Snowmass 2021

Tackle with direct & indirect searches for BSM effects 
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Examples of Anomalies…

g-2W-mass

RK

Long Lived particle?

See backup



The LHC Machine and Experiments

LHCf

totem

moedal
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FASER
SND@LHC

9 experiments



LHC Operations

2010-2012: Run-1 at 7/8 TeV CM energy:  Collected ~ 25 fb-1   /Exp
2015-2018: Run-2 at 13 TeV CM energy:   Collected ~ 140 fb-1 /Exp

2012-2025: Run-3 at 13.6 TeV CM energy: Collect    > 250 fb-1 /Exp

You are 
here

>2029 HL-LHC:  3000 fb-1 /Exp 6



New Directions/Detectors
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ANUBIS
MATHUSLA
CODEX-b
MILLIQAN
MAPP
(AL3X) FASER(Nu)

SND@LHC
FACET
FPF

Examples:
• Axions/Axion-like particles
• Heavy Neutral Leptons
• Millicharged particles
• Dark Sector scalars
• Light Dark Matter …

Searches for new long lived
Particles 



New Transverse Experiment Proposals
MilliQan: searches for 
millicharged particles
MAPP: MoEDAL upgrade

CODEX-b: searches for long lived
weakly interacting neutral particles 

MATHUSLA: searches for long lived
weakly interacting neutral particles 

ANUBIS: searches 
for long lived weakly 
interacting neutral 
particles

+Recently (2021): 
a new detector 
for CMS cavern..

Also: AL3X (‘ALICE’ for LLP arXiv.1810.03636)… 



New Forward Detector Proposals
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FASER: searches for long lived dark
photons-like particles, neutrinos 

FACET: Instrumented Beampipe
for CMS

FPS: A Facility for Forward Physics 
Containing several experiments

SND@LHC: neutrino measurements 
and long lived particle searches

FASER and SND@LHC have been approved in 2019/2020 and are ready 
and take data during Run 3 which has just started.



BSM Searches in Forward Detectors 
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mCP=millicharged particle



New Detectors with First Results 

… based on prototypes/demonstrators installed during 2017-2018

millicharged
particles

neutrinos
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The Forward Physics Facility  
A Proposal for a New Large Underground Area ~ 620m away from ATLAS 
Based on the FASER experience and studies: propose to have a Forward 
Physics Facility (FPF) experimental hall with room to include forward 
detectors for new physics searches and neutrino measurements

2203.05090



A Wild Idea?

• LLPs can escape the detector at the 

collision point and accidentally decay in 

the vicinity of detectors far away. Spooky?

• Estimates using ATLAS and ALICE for 

(favourable) Hidden Valley scenario, 

detecting the muons..

2004.08820

2 scenarios
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LLPs @ Next Collider Projects  

Important: take LLP requirements into account from the start (Snowmass2021) 
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DELIGHT: idea for a LLP detector at FCC-hh

Long-Lived Light Mediators from Higgs boson decay studied 

for multiple decay modes of the scalars

2111.02437
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Electron Ion Collider EIC

A machine with –mostly– a QCD programme starting ~ 2030 at BNL 

Mini-HERA
●Luminosity
●Polarization
●Nuclei



Physics Beyond Colliders

Next meeting 7/8 October 2022  @ CERN
https://indico.cern.ch/event/1137276/

Several FLAVOR experiments….

●Physics Beyond Colliders was a response at CERN to increasing 
interest in complementary methods to high energy frontier 
colliders to explore searches for BSM physics.

● It was a discussion forum for input to the 2019 European Strategy Update. 
● It is continuing its activities..

https://indico.cern.ch/event/1137276/


Physics Beyond Colliders

Example plot
HNLs in muon channel

arXiv:1901.09966  & 2102.12143  



Physics Beyond Colliders

Recent ongoing PBC activities:
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Physics Beyond Collider
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Feebly Interacting Particles  FIPs 

https://indico.cern.ch/event/1119695/

…Spin-off of the PBC forum…
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Neutrinos
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Neutrino Program

The Questions to answer with present and future experiments

+ auxiliary measurements 
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M-C Chen + full session yesterday…



Future Neutrino Experiments

Eg. experiments that will contribute to the mass ordering question 
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High intensity frontier for low mass particles with very weak couplings
->upcoming neutrino experiments (SBL, LBL) foresee very high intensity beams   

SBL or LBL Near 
Detectors are a
few 100m away
from the dump

arXiv:1806.03310

Example millicharges:

Neutrino Detectors as Beam Dump Experiments

These experiments can perform 
searches for low mass New 
Physics particles eg
-HNL/sterile neutrinos
-dark photons/light dark matter 
-Axion-Like particles
-mini/millicharges
… arXiv:1907.08311

> 1021 POT/Year

+ dark matter, HNL, ALPS…

Light dark matter
HNLs
ALPs



The Future of the          

Energy Frontier
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The Energy Frontier

Snowmass 2021
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The Energy Frontier

• Large interest in a wide variety of possible projects

• European Strategy Update 2020 & Snowmass 

2022 conclusions come with clear community 

support for a 

– Higgs factory – possibly as part of a next         

big project 

– Multi TeV Colliders 

• Opinions differ on which project and where…

• Optimism and enthusiasm in generally is good(*)

but have to keep an eye on realism and 

“economics”, especially in the present dire times…

(*)remember Reagan in 1987: “Throw Deep” … but finally Desertron was not to be…
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Higgs @HL-LHC Expectations

by ~ 2040(+)
P. Sphicas/JENAS meeting 29



New Projects Expectations

● Higgs Coupling Modifiers in Kappa Framework.
● Results for Future Collider+ HL-LHC 

Kappa framework: Can show deviation from SM, but gives no real 
further information on nature of source of deviation 

% and sub-% level precision..
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New Projects Expectations

Higgs Self Coupling

+ Higgs may still show us unexpected surprises P. Sphicas/JENAS meeting



The Energy Frontier
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The Energy Frontier

C3= “Cool Copper Collider”  A US development with copper RF cavities at 
80 K, gradients 70-120 MV/m, Lumi 1034 cm-2s-1, no full design available yet..



The Energy Frontier



The Energy Frontier
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…Snowmass 2021 discussion



The Energy Frontier

Snowmass 2021
->  From the Accelerator
Frontier Report

36



A Muon Collider…

…As Multi-TeV discovery machine

● Would be become operational
after a Higgs factory start-up

● Smaller and cheaper than eg 
a 100 TeV collider

But still significant R&D required
- Technology (cooling)…
- Neutrino backgrounds…
- ..

A week ago…

Realistic timeline?

EWK

EWK+QCD



A Far, Far Future Project…??

Having grand dreams is of course allowed! 38



Beam Dump at Future Colliders

2206.13745
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…making use the high intensity facility beams…



Dark Matter Searches

Search region  10-22 eV  <-> 10-18 GeV 
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->XLZD ?
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More Examples of Ongoing Activities

• New techniques for direct 

experiments eg directional 

detectors, bolometers, 

superheated liquids, crystals…

• Light Dark Matter searches at 

high intensity fixed target 

experiments

• Axion and ALP searches

• Quantum interference devices, 

eg cold atom interferometers

• … And many more

The multi-prong attack on    

Dark Matter is on!
43



Searching dark matter on … Jupiter

Using Jupiter missions as a probe for 
dark matter annihilation in the planet.
Assume long lived dark photons photons
that decay outside Jupiter into e+e-

The Galileo probe and Juno orbiter make 
in situ measurements of the relativistic 
electron fluxes trapped in Jupiters large
magnetic field 

2207.13709
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Gravitational Waves 2035-2040?

Einstein telescope

Cosmic Explorer

LISA AEDGE ?

Cold atom 
beams



Final Words…

• Energy frontier: LHC will be the workhorse for the next 20 yrs

• No lack of ideas for a next new project..     (but funding…?)

– Energy frontier clearly aiming for a Higgs Factory first. A 

multi-TeV collider next (?)

– Neutrino/Dark Matter program well under way to answer 

important questions in the next 1-2 decades

– Support for PBC program (re-)gaining momentum. 

Keeping opportunities eg for light BSM particles @ 

intense beam  searches in mind.

• Connectivity/complementarity across frontiers is a regularly 

appearing target pursue...

• No time today to cover interesting progress/directions in 

experimental techniques (quantum sensors, ML, etc…), 

Exciting future prospects and flavour Physics will be a strong part of it



Backup
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Excess of Events with High de/dx
2205.06013de/dx measurement from the pixel detectors



W-mass
CDF W mass measurements (2022)

A 7𝛔 discrepancy with the SM prediction …

SCIENCE



The Muon Anomalous Magnetic Moment 

The muon anomalous magnetic moment can be precisely calculated in the SM

Muon storage ring
at FermiLab US

Muons act as
if they have a 
tiny internal 
magnet

A 4.2𝛔 discrepancy with the SM prediction … but lattice?



LHCb: Tests of Lepton Universality

When consolidated, independent 
checks will become very important.
-More channels/data in LHCb
-Belle II?? ATLAS/CMS??

Possible new physics

Standard
Model

Zprime Leptoquark



The Energy Frontier



LEP3/HE-LHC

Reduced aspirations… 
What can one still do in the largest tunnel we have alrready? 

LEP3 proposal 2012: 

HE-LHC proposal:

1208.0504

e+e- collider in LHC/LEP tunnel
Note: -Max 240 GeV CM energy max

-LHC to be removed (>2040)

pp colider in LHC/LEP tunnel 
Note:  - Max 27 TeV  CM energy max

- Needs 16 Tesla magnets

IPAC 2019 
These options may be cheaper 
but will not necesarilly faster…
(and more limited in reach)







Quantum Technologies


