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The Standard Model and its incompleteness
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Where is the new physics?

Number of events
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Direct searches

— Expected background
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Interpret with Effective Field Theories

Nik]hef




Where is the new physics?

A<As A/®\ A>As

Direct searches Indirect Searches

Need as much CoM
energy as we can get!

Need as much precision
as we can get!

Realm of the 210 TeV Interplay Realm of the precision
4>

partonic centre of mass
colliders
(muon collider,
FCC-hh/CEPC with hh)

machines (FCC-ee,
ILC/CLIC,CEPC, LEP3,
LHeC)
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J. de Blas, EPS2025 talk

Beyond the Standard Model WG: Benchmarks

# Question Model Method

1 |Are there new gauge forces? z Direct and indirect

Are the heaviest particles of the SM elementary? SILH Indirect

Singlet and simplified

Direct and indirect
models

Can we understand the EW phase transition?

- Can we discover a WIMP? Minimal DM Direct and indirect

Leptoquarks, top

FCNC Direct and indirect

Are solutions to the flavour problem visible at high-Q27?

Do symmetries exist that protect the Higgs? susy Direct

Is the SM alone in the Universe? Simplified model Energy and Intensity
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https://indico.in2p3.fr/event/33627/contributions/156478/attachments/95303/145959/ESPP_EW_H_Top_QCD_Flav_BSM_deBlas.pdf
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A is low: Direct Searches

High energy hadron colliders offer the best
coverage for gluino, stops and squarks

Stops
t-bffxa° I Updated

m(t) [TeV]

=3 HL-LHC 14 TeV, 3ab™!
[ FCC-hh 85 TeV, 30ab~! =1 MuC 10 TeV, 10ab~!

@ CLIC3TeV, 5ab~! [X3 LCF 0.55TeV, 4ab~! —— LHC Limit

J. de Blas, EPS2025 talk

Q6: Supersymmetry

Dramatic improvement in sensitivity wrt HL-LHC,
complementarity between high-energy hadron
and lepton colliders

Winobino
Am=10 GeV : ! New

Am=90 GeV

large Am

m(xz°) [TeV]
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https://indico.in2p3.fr/event/33627/contributions/156478/attachments/95303/145959/ESPP_EW_H_Top_QCD_Flav_BSM_deBlas.pdf

R. Gonzalez Suarez, ESPP Venice talk

A is high: Indirect Searches Q2: Compositeness

Composite Higgs models: m* compositeness scale; g* effective coupling
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https://agenda.infn.it/event/44943/contributions/263371/attachments/137620/206927/Venice-ESPP-2025-RGS.pdf

R. Gonzalez Suarez, ESPP Venice talk

Direct vs Indirect Interplay Q5: Flavour

Flavour deconstructed gauge models
- Heavy Z'and W' with

Gray: disfavoured for a natural Higgs mass

flavour-dependant  _ U(1)y model - ESPP 2026 preliminary £ « _ SU(2); model - ESPP 2026 Preliminary W'
) 2 ~ 2 -
couplings
Tan6: ratio of couplingsto 37 L
light (1st,2nd gen) to heavy & %
(3rd gen) fermions = 2
T _
Large indirect effects from ﬁ ‘l’
electroweak precision = S v
FCC-ee (+MuC) exclude 8 8
most of natural region
0 0
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https://agenda.infn.it/event/44943/contributions/263371/attachments/137620/206927/Venice-ESPP-2025-RGS.pdf

R. Gonzalez Suarez, ESPP Venice talk

Direct vs Indirect Interplay Q7: Dark sector portals

Dark Photon: vector particles A' from dark U(1) Axion-Like particles: pseudo-scalar portal a
- gdark phot.on mixing parameter _ - g, axion coup!lng to photons
Very low to medium mass and low mixing: beam Low couplings (long-lived): beam dump;
dump/fixed target; Intermediate to high-mass/large Intermediate masses: FCC-ee; Above 90 GeV:.
couplings: colliders. high energy (linear and hadron colliders)
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https://agenda.infn.it/event/44943/contributions/263371/attachments/137620/206927/Venice-ESPP-2025-RGS.pdf
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Dark Matter
Lsm + Gravity # Cosmos

A consistent need of a gravitating non-relativistic,
non-interacting matter component across scales
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P. Hernandez, EPS2025 talk
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https://indico.in2p3.fr/event/33627/contributions/156479/attachments/95302/145952/ECFA-EPS.pdf

Dark Matter
Lsm + Gravity # Cosmos

A consistent need of a gravitating non-relativistic,
non-interacting matter component across scales
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P. Hernandez, EPS2025 talk

Searches span over 70 orders of magnitude:
require a range of experiments

Models of DM has been proposed at widely different scales

Fields Particles Macroscopic objects
Too Ultra-light s “§ el Too
big scalars 5 Vs g relics PBHs heavy
T TOIIN JIR c: oree eons s e SIS e BT PR T TS TS EE ST e Cm—— e rn s IO N
110-30 102 1071 T eV T GeV, 107 T kg 10" 10% 10]30 10%
Jubble T Al weak scale Planck scale Asteroid mass  Solar mass

Cirelli et al, 2406.01705

Most relevant for particle physics are those below Planck scale:

1. Ultralight mass range m, < eV.

2. Light mass range keV $m, < GeV.

sSmS
3. Heavy mass range GeV <m, S 10TeV.

~ My S

4. Ultraheavy mass range TeV < m,
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https://indico.in2p3.fr/event/33627/contributions/156479/attachments/95302/145952/ECFA-EPS.pdf

DM WIMP benchmark

Indirect detection
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P. Hernandez, EPS2025 talk
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https://indico.in2p3.fr/event/33627/contributions/156479/attachments/95302/145952/ECFA-EPS.pdf
https://arxiv.org/pdf/2403.04857
https://arxiv.org/abs/1805.10305

P. Hernandez, EPS2025 talk
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https://indico.in2p3.fr/event/33627/contributions/156479/attachments/95302/145952/ECFA-EPS.pdf

keV-GeV P. Hernandez, EPS2025 talk

Light DM benchmark Light Iy
Direct detection eV keV MeV GeV TeV Mpanae. Y

Lighter and feebly-coupled DM require alternative production mechanisms and detector technologies
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https://indico.in2p3.fr/event/33627/contributions/156479/attachments/95302/145952/ECFA-EPS.pdf
https://github.com/cajohare

Venice DM parallel session
P. Hernandez, EPS2025 talk

More collider complementarity: Forward Facilities

MATHUSLA,

Mot . Dirt Decay volume  Detector
CMS | MilliQan, PREFACE e
Beam Tarae! _X.<:
North area
ProtoDUNE, NA62
SHiP* —‘r;:“ —
=2 LNCb
Qucs
MAPP, CODEX-b
FASER/FASERvV, SND@LHC
ANUBIS, FPF, advSND
ATLAS
SPS Inelastic DM Vector Portal
Elastic DM Vector Portal

Ry
'|aD=O.1,A=0.1,mK/mA,=1/3 N

i 10-5-

F 107

E 107 N\ o — T
andaX 3 “

: 3
. SuperCDMS-SNOLAB* 4 10> - x: ]
: : N 100 B ;
p “omms e nnt B 2 4 10-1E -7 BN 3
; 4 A ; ]
I 1076f L e DaksPHERE &% 1§ i :
= q0mf b P o i 10 N . ESPPU 2026: Preliminary
% ",- L 10~ L4 PR S A N
107 ESPPU 2026: Preliminary} 107! 10° 10!
—-19. A1l i1 1l A1l F Y
1050 102 1071 10° my [GeV]

my [GeV]



https://agenda.infn.it/event/44943/sessions/33814/#20250623
https://indico.in2p3.fr/event/33627/contributions/156479/attachments/95302/145952/ECFA-EPS.pdf

Adapted from J. de Blas, EPS2025 talk
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https://indico.in2p3.fr/event/33627/contributions/156478/attachments/95303/145959/ESPP_EW_H_Top_QCD_Flav_BSM_deBlas.pdf

Back-up
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F. Maltoni, ESPP Venice talk

Search for new physics at the multi-TeV scale

SMEFT: An EFT allows to connect measurements at different scales without

needing to know the UV.
T A
eV keV MeV GeV TeV

Linking observables at different scales
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https://agenda.infn.it/event/44943/contributions/263370/attachments/137615/206938/Strategy-Maltoni-BSM-final.pdf

F. Maltoni, ESPP Venice talk

Search for new physics at the multi-TeV scale
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https://agenda.infn.it/event/44943/contributions/263370/attachments/137615/206938/Strategy-Maltoni-BSM-final.pdf

Light DM benchmark

direct detection

thermal freeze-out (early Univ.
indirect detection (now)
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Dark Matter Searches

» Dark Matter is an important feature of particle physics;
Both non-accelerator and accelerator searches are needed in any scenario

* Key messages:
- Flexibility should be kept on the experimental side to be able to respond to new developments in phenomenology

- No one facility or approach can do it all. Important progress will continue to be made by relatively small / rapid
projects
- A convincing discovery will require confirmation by multiple experiments and techniques with independent

systematics

* A mix of small and large projects is required

- Major initiatives in the “traditional” dark matter thrusts
in liquid nobles and axion haloscopes

- A plethora of small scale approaches are a strong
technology incubator and relatively small/rapid

searches

- Complemented by searches at colliders

K. Jakobs, ESPP Open Symposium, 27t June 2025
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