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Beyond the Standard Model Physics
at the LHC and beyond...

Dr Sarah Williams, University of Cambridge



Introductions: big questions in particle physics
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Outstanding questions
about nature/our universe
could be solved through
uncovering new physics at
particle colliders.

Unlike the Higgs discovery,
we no longer have a clear
iIdea of the (energy) scale
at which it might appear.

(Maximally) exploring the
unknown is key...
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https://arxiv.org/pdf/2211.11084
https://arxiv.org/pdf/1903.05062

Probing BSM @ Colliders
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Try to create new heavy particles or
test high-energy phenomena using
high-energy particle accelerators.

« Direct searches for new
Beyond-the-Standard Model
(BSM) particles.

Precise measurements of SM
processes which provide
Indirect sensitivity to BSM and
enable (particle-level)
comparisons to state-of-the-
art theory predictions.



https://science.osti.gov/hep/About/Vision-for-HEP

BSM models- dark matter as a case study
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By assuming some generic

interaction between Standard When designing/ interpreting searches, range of
Model particles and Dark approaches from "effective field theories” (EFTs),
Matter, we could get production to “simplified models” or more “complete”

in colliders. theories...
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https://arxiv.org/abs/1712.01391
https://arxiv.org/abs/1506.03116

The Large Hadron Collider @ CERN

+ MOEDAL-MAPP

Will focus on ATLAS results and
projections today!

+ TOTEM
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https://home.cern/science/experiments

Reasons for positivity

 LHC ~ doubled its design luminosity in run 2 and has continued to break
luminosity records into run 3 (ongoing now).

* Developments in Machine
Learning (ML) and analysis
techniques are enabling us to
analyse our data in increasingly
sophisticated ways.

« The increasing data-set sizes
are enabling us to probe
previously unexplored SM
processes and BSM scenarios

And the best is yet to come...
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What do we know now? (BSM @ the LHC)

After a broad an extensive search programme, no significant
deviations from SM predictions have been seen in run 2 searches
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.plus observations of new (previously unexplored) SM processes,
and improved precision on (differential) measurements...
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High-Luminosity LHC upgrades
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Last update: September 24

Right: Simulation of a typical
HL-LHC event in the upgraded
ATLAS tracker with a pileup of
~ 200 interactions per bunch
crossing.




What could we know in ~ 15 years?

Increased statistics (x 10) will
significantly extend sensitivity to BSM
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This could be an hour-
long talk on its own!

..plus studies of rare Higgs
decays and SM processes
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Projections often rely on extrapolations from run 2 searches- we should expect
these to improve with innovations in reconstruction and analysis techniques....
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Targeting the Higgs self coupling

An alternative
potential

potential

Current
experimental
knowledge
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Standard Model VSM(¢) — §M2¢2 + ZA¢4 - Emlz‘lhz + /h]hg + Zﬂ.hll- .

After EWSB the quartic term gives 3-higgs and 4-
higgs self-interaction vertices which can be
accessed through di-Higgs production- a key
target for the (HL-)LHC.

P Key message:

—— Combination

BBy

- blee « BSM physics could modify HH rate/
O kinematics.
A bbv(viv)

* Innovative analysis approaches mean
that run 2 results continue to exceed early
projections.
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https://arxiv.org/abs/1902.00134

1984: LHC proposed
Timescales in particle physics 1995: LHC approved

...are long... 2012: Higgs discovery

ECFA 84/85

ECFA_84_08 5_V_2 ?g:‘ptrb;‘":m 1l. SUMMARY AND CONCLUSIONS

& theoretical consensus is emerging that new phenomena will ke discovered ar or below

1 TeV. There is no comsensus about the nature of these phenomena but it is interesting
that many of the ideas which have been suggested can be tested in experiments af aa LBC.
Although many,if mot all, of these idess will doubcless have been discarded, disproved or

established by the time an LHC is built, this demonstrates the potential wirtwes of such a

machine.

22 years later in 2006...

The European strategy for particie physics

Particle P]ﬂgsics stands on the threshold of a new and exciting era of cliscoverg.
The next gencration of cxpcriments will cxPIore new domains and probe the decp
structure of space-timc. T‘neg will measure the Properties of the elementarg con-
stituents of matter and their interactions with unPrecedented accuracy, and the

will uncover new Phenomena such as the Higgs boson or new forms of matter. Long~
stancling Puzzles such as the origin of mass, the matter-antimatter asymmetry of
the Universe and the mysterious dark matter and energy that Permeate the cos-
mos will soon benefit from the insights that new measurements will bring. Together,
the results will have a profound imPac’c on the way we see our Universe; Euro/ocan
IDart/c/c Io/ysics s/zou[;/ tﬁorough[g cx/D/o/t its current exciting and diverse research
programme. It should Pos/t/on itself to stand reaa’y to address the challenges that
wil emerge from 6)7D/orat/bn of the new frontier, and it should participate u//q inan

LARGE HADRON COLLIDER incrcas/ng/y g/oba adventure.
IN THE LEP TUNNEL

Vol.1 http://council-strategyaroup.web.cern.ch/council-strateqgyaroup/
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http://cdsweb.cern.ch/record/154938/files/CERN-84-10-V-1.pdf
http://council-strategygroup.web.cern.ch/council-strategygroup/

To put this in context...?

1984 1995 2012
SW- aged 7 Queui29 Ior the Higgs seminar

My parents

| have only been
involved in a small part
of the LHC journey...

=85 UNIVERSITY OF
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Looking ahead: what should come after the HL-LHC?

In the aftermath of the Higgs
discovery, lots of discussion
on what machine should
follow the LHC...

CLIC (CERN?) g
~ Linear collider? —s |LC (Japan?)

__~ e*e” machine? Q‘\HALHF (??)
N\ C3 (2?)

What should come Circular collider?

after the LHC? \ CepC (China) et s
U Hadron collider?
\ FCC-ee/hh £ scromac ot
Muon collider?

(CERN)

We can’t do everything - a coherent global strategy is key!
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The 2020 European Strategy Update

Following ~ 2 years of conensus gathering within the
community, the ESU made several key recommendations to
the community:

1. An electron-positron Higgs factory is the highest-priority
next collider. For the longer term, the European patrticle
physics community has the ambition to operate a proton-
proton collider at the highest achievable energy

2. Europe, together with its international partners, should
investigate the technical and financial feasibility of a future
hadron collider at CERN with a centre-of-mass energy of at
least 100 TeV and with an electron-positron Higgs and
electroweak factory as a possible first stage

Following the 2020 ESU, the FCC feasibility study was launched in 2021,
aiming to provide input by 2025 to feed into the next ESU (coming soon)...

ATLAS Dr Sarah Williams: Partikeldagarna 2024- 22/10/2024
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Integrated FCC programme

Taken from by M.
Benedikt at FCC week.

Comprehensive long-term programme maximises physics
opportunities at the intensity and energy frontier:

1. FCC-ee (Z, W, H, tt) as high-luminosity Higgs, EW + top factory.

2. FCC-hh (-~ 100 TeV) to maximise reach at the energy frontier, with pp,
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https://indico.cern.ch/event/1202105/contributions/5423504/attachments/2659109/4606291/230605_FCC-FS-Status_ap.pdf

Synergies in the FCC programme
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Integrated programme combines precision at the intensity frontier (FCC-ee) giving
indirect sensitivity to a multitude of NP as well as unique direct sensitivity to low -
mass and weakly interacting BSM physics, with drscovery potential at the energy

frontier (FCC-hh) that will furtger extend the preCISlon achieved at FCC-ee!

s@ UNIVERSITY OF 16
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by G.
Salam at FCC week

FCC-ee and -hh synergies — BSM searches 2

Direct FCC-ee sensitivity C)n

...plus indirect access to
« HNLs

a range of BSM
phenomena through ultra-
precise measurements of
SM parameters...

FCC precision gain
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https://indico.cern.ch/event/1202105/contributions/5423455/attachments/2659121/4607170/fcc-london.pdf

FCC-ee and -hh synergies - BSM searches

More details in FCC TDR and ESU submissions

FCC-hh sensitivity to direct NP
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Substantial discovery reach for
heavy resonances

In summary- exciting possibilities to discover/characterize NP that could
be indirectly predicted through precision measurements at FCC-ee
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https://fcc-cdr.web.cern.ch/

Higgs coupling @ FCC-hh

collider Indirect-f hh combined 222020000000
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New physics required for a strong first order phase transition (needed
for EWK baryogenesis) either by directly discovering new states (which
can’t be too much heavier than the Higgs) or through O(1) deviations in
the Higgs self-coupling (which will be measured to ~ 10%).

Dr Sarah Williams: Partikeldagarna 2024- 22/10/2024



https://arxiv.org/abs/1511.06495

FCC timelines

Taken from by F. Gianotti at FCC week.
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Obvious comment: long timescales mean that ECR engagement is key- get
involved in the upcoming European Strategy discussions!
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https://indico.cern.ch/event/1202105/contributions/5423451/attachments/2659293/4606138/FCCweek-2023-London.pptx

Conclusions/outlook

We have an exciting route ahead with great opportunities to
discovery/constrain BSM @ the LHC and beyond.

Decisions on future (post-HL-LHC) colliders will happen soon- get
iInvolved in the discussions (both in Sweden and beyond)

Thank you for having me here in Uppsala- it has been a great meeting!
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Long-lived particles in central detectors

..... neutral displaced B BSM
m— charged HSCP dilepton M lepton
any charge M quark
| photon
X W anything
disappearing displaced
track lepton
A edapld,
oo , g -“ \’\. £
L - NG e
: A b ..0
displaced '. \___\"... displaced
dijet : %, photon
_ : v not pictured:
displaced r displaced out-of-time decays
vertex conversion
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Long-lived particles
that are semi-stable or
decay in the sub-
detectors are predicted
In a variety of BSM
models and lead to a
range of
unconventional
signatures:

RPV SUSY

Dark photons
ALPs

Dark sector models
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(More) ATLAS run 2 SUSY summary plots
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/

ATLAS run 2 leptoquark summary plot

LQ(ge)

LQ(qu)

LQ(gT)

LQ(gv/qf)

ATLAS Leptoquark searches - 95% CL exclusion

Status: July 2024

ATLAS Preliminary
V§=13TeV,139 fb~!

Scalar (pair) BR(LQ —je)=1.0 A 18 JHEP 10 (2020) 112 139 fh~!

Scalar (pair) BR(LQ —ce)=1.0 176 JHEP 10 (2020) 112 139 fp~!

Scalar (pair) BR(LQ = be)=1.0 173 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ - te)=1.0 1.66 Phys. Lett. B 854 (2024) 138736 139 fb~!

Vector (Min) (pair} BR(LQ —te)=1.04 1.67 arXivi2306.17642 139 fb~!

Vector (YM) (pair) BR(LQ —te)=1.0 195 arXiv:2306.17642 139 fb!

Scalar (pair) BR(LQ —ju)=1.0 174 JHEP 10 (2020) 112 130 fb~!

Scalar (pair) BR(LQ —cu)=1.04 1.68 JHEP 10 (2020) 112 130 fb!

Scalar (pair) BR(LQ - bu)=1.0 171 Phys. Lett. B 854 (2024) 138736 139 fb!

Scalar (pair) BR(LQ - tu)=1.0 16 Phys. Lett. B 854 (2024) 138736 139 fb!

Vector (Min) (pair) BR(LQ - tu)=1.0 1.67 arXiv:2306.17642 139 fb~!

Vector (YM) (pair) BR(LQ - tu)=1.0 4 1.95 arXiv:2306.17642 139 fb!

Scalar (pair) BR(LQ —jT)=1.01 1.3 JHEP 06 (2023) 199 139 fb!

Scalar (pair) BR(LQ —»bT)=1.0 1.48 Phys. Lett. B 854 (2024) 138736 139 fb !

Vector (Min) (pair) BR(LQ - bT)=1.0 1.65 Eur. Phys. J. C 83 (2023) 1075 139 fb !

Vector (YM) (pair) BR(LQ = bT1)=1.0 1.91 Eur. Phys, J. C 83 (2023) 1075 139 fb~!

Scalar (single+non res.+pair) A(bt)=1.0 1 1.28 JHEP 10 (2023) 001 139 fb!

Scalar (single+non res.+pair) A(bT)=2.5 1 153 JHEP 10 (2023) 001 139 fb!

Vector (Min) (single+non res.+pair) A(bt)=1.0 4 135 JHEP 10 (2023) 001 139 fb!

Vector (Min) (single+non res.+pair) A(b1)=2.5 199 JHEP 10 (2023) 001 139 fb~!

Vector (YM) (single+non res.+pair) A(bt)=1.0 158 JHEP 10 (2023) 001 139 fb~!

Vector (YM) (single+non res.+pair) A(bt)=2.5 4 2.05 JHEP 10 (2023) 001 139 fb~!

Scalar (pair) BR(LQ = tT)=1.0 A 152 Phys. Lett B 854 (2024) 138736 139 fb !

Vector (Min) (pair) BR(LQ = tT1)=1.0 1 153 JHEP 06 (2021) 179 139 fb~!

Vector (YM) (pair) BR(LQ = t1)=1.0 A 181 JHEP 06 (2021) 179 139 fb~!

Scalar (pair) BR(LQ — bv)=1.0 1.26 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ - tv)=1.0 A 124 Phys. Lett. B 854 (2024) 138736 139 fh!

Scalar (pair) BR(LQ - te)=0.5 145 Phys. Lett. B 854 (2024) 138736 139 b~

Scalar (pair) BR(LQ - tu)=0.5 1 1.43 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ = tT1)=0.5 1 1.36 Phys. Lett. B 854 (2024) 138736 139 fb~!

Vector (Min) (pair) BR(LQ - be)=0.5 q 1.62 JHEP 06 (2023) 188 139 fb~!

Vector (YM) (pair) BR(LQ - be)=0.5 q 19 JHEP 06 (2023) 188 139 fb~!

Scalar (pair) BR(LQ - be)=0.5 A 1.51 Phys. Lett. B 854 (2024) 138736 139 fp~!

Vector (Min) (pair) BR(LQ - bu)=0.5 4 1.71 JHEP 06 (2023) 188 139 fp~!

Vector (YM) (pair) BR(LQ —bu)=0.5 4 198 JHEP 06 (2023) 188 139 fb~!

Scalar (pair) BR(LQ - bu)=0.5 157 Phys. Lett. B 854 (2024) 138736 139 fb—!

Vector (Min) (pair) BR(LQ - b1)=0.5 158 Phys. Lett. B 854 (2024) 138736 139 fb!

Vector (YM) (pair) BR(LQ - bT1)=0.5 A 1.84 Phys. Lett. B 854 (2024) 138736 139 fb~!

Scalar (pair) BR(LQ - bt)=0.5 4 1.34 Phys. Lett. B 854 (2024) 138736 139 fp~!

jrefers to v, d, or s quark T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Scalar Vector Vector LQ mass [TeV]

(Yang-Mills) (Minimal)

ATLAS
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ATLAS run 2 dark matter summary plots
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HL-LHC upgrade

Key point: this is the next future collider!

CIVIL ENGINEERING “CRAB” CAVITIES
2 new 300-metre service tunnels and 16 superconducting ,crab” §
2 shafts near to ATLAS and CMS, cavities for each of the ATLAS
and CMS experiments to tilt the

beams before collisions.

« Scheduled upgrade to increase
integrated luminosity to 5 x the

s | design value.
we ™
/\v Key innovations include:
':, 3 5

\

i « Cutting edge 11-12 T niobium-tin
j}' superconducting quadrupoles for
b = focusing the beam (target 140

|
FOCUSING MAGNETS
12 more powerful quadrupole magnets

A/-l ALICE
.
for each of the ATLAS and CMS

f experiments, designed to increase the
ATLAS TN concentration of the beams before
collisions.

interactions per BC)

« SC crab cavities for “tilting the
beam” to give better overlap of
crossing bunches.

* New technology for beam

SUPERCONDUCTING LINKS BENDING MAGNETS
hEl;:cttncal (ra?smwon Ilnr\: b'ased ona COLLIMATORS 4 pairs of shorter and more - =
igh-temperature superconductor to carry 15 to 20 new collimators and 60 reptacement powerful dipole bending magnets 2 | I I I I t — d d t t t S C
current to the magnets from the new service collimators to reinforce machine protection, to free up space for the new £ CO I a. I 0 n n e e e 0 ro eC
tunnels near ATLAS and CMS. collimators. ]
3

elements from quenching.
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ATLAS upgrade

New Muon Chambers

* Inner barrel region with new RPCs, sMDTs, and TGCs

» Improved trigger efficiency/momentum resolution,
reduced fake rate

Diagram taken from

by Tony

Affolder at Lepton-Photon 2021

Upgraded Trigger and Data
Acquisition System

+ Single Level Trigger with 1 MHz output
* Improved 10 kHZ Event Farm

Electronics Upgrades

+ On-detector/off-detector electronics upgrades of
LAr Calorimeter, Tile Calorimeter & Muon Detectors

* 40 MHz continuous readout with finer
segmentation to trigger

High Granularity Timing Detector
(HGTD)

Precision time reconstruction (30 ps) with
Low-Gain Avalanche Detectors (LGAD)

* Improved pile-up separation and bunch-by-bunch
luminosity

New Inner Tracking Detector (ITk)

» Allsilicon with at least 9 layers up to |n| = 4
» Less material, finer segmentation

Additional small upgrades
» Luminosity detectors (1% precision)
* HL-ZDC (Heavy lon physics)

Needs to cope with much higher pileup (<mu>~140) with strong constraints on
readout and radiation hardness.

= UNIVERSITY OF
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https://cds.cern.ch/record/2799535?ln=en

Additional HL-LHC projections

For more details see ATLAS +
CMS Snowmass
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https://cds.cern.ch/record/2805993/files/ATL-PHYS-PUB-2022-018.pdf

Integrated FCC programme

Taken from by F. Gianotti at FCC week.
\s L/IP (cm2s) | nt L/IP/y (ab™') | Comments FCC-ee:
‘e -90GeV  z| 182x10% - .
. |60 ww| 104 2 2-4 experiments « Ultra-precise measurements
S5 o | 13 o |overaton of EW/ Higgs + top sectors
- P 30 x 105 Y — of SM -> indirect sensitivity
FCC-hh 30 20-30 Total ~ 25 years of to BS M.
operation ] .
PbPb  [Vsw=39TeV | 3x10% 100 nb'/run | 1run = 1 month * U!’uque ﬂaV_O_Ur opportunities
FCC-hh Gperation » Direct sensitivity to feebly
ep 5.5 TeV 1.510% 2 ab! SR interacting particles (LLPS)
Fce-eh oncurrent operation
with pp for ~ 20 years
e-Pb. \Vsen=2.2TeV | 0.510% 1 ol 20 GeV e- tfrom EFL FCC-hh-
F h oncurrent operation . . . .
e with PbPb, - High-statistics for rare Higgs
FCC-eh: decays and 5%

» Energy-frontier ep collisions provide ultimate super-
microscope to fully resolve hadron structure

measurement of Higgs self
interaction.

Unprecedented direct
sensitivity to BSM.

and empower physics potential of hadron colliders.
« Very precise measurements of Higgs/top and EW
parameters in synergy with ee and hh.

s UNIVERSITY OF
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https://indico.cern.ch/event/1202105/contributions/5423451/attachments/2659293/4606138/FCCweek-2023-London.pptx

FCC-ee BSM snapshot

Taken from FCC Snowmass

Image credit: FCC CDR

1. Indirectly discover new particles '
coupling to the Higgs or EW bosons up Current limitl
to scales of A = 7 and 50 TeV. Current exp.

sensitivity

2. Perform tests of SUSY at the loop level LHC Run3.

In regions not accessible at the LHC.

LHC Run4.
3. Study heavy flavour/tau physics in rare
decays inaccessible at the LHC. FCC—ce/hh

. . 560 10|00 15IOO
4. Perform searches with best collider

sensitivity to dark matter, sterile N
neutrinos and ALPs up to masses =~ 90 Projected 2o indirect
GeV. reach from Higgs

couplings on stops.
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https://arxiv.org/pdf/2203.06520.pdf

Physics landscape at FCC-ee

/ Higgs \ / Flavor \ / Sloie 2 \ Kfeebly inteBraSCIYilng particg

factory “boosted” B/D/t factory: most precise SM test
Myy» O, I'_H CKM matrix Heavy N(e;ﬂﬁl) Leptons
self-coupling CPV measurements my, I_z ’ rinv
H— bb, cc, ss, gg Charged LFV
H—inv Lepton Universality sin®0,., , R ,R, R
ee—H T properties (lifetime, BRs..) W o Dark Photons Z,
H—bs, .. AFBb’C , T pol.
B >tV . . .
c Axion Like Particles (ALPs)
Top BS — DS K/1T GS )
B.—K'rr .
B K*v v r Exotic Higgs decays

\op, op, tZ, /K B,—@VV... /& /& J

« Broad landscape of physics opportunities which include direct and indirect
sensitivity to new physics.

« Unigue sensitivity to feebly interacting particles and LLPs means we are in
an exciting position to design detectors with these scenarios in mind.
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FCC-ee case study: LLPs

ssess neutral displaced BS
— 'ch:rg;'d HSCP dilzpton :lcpxn
—— o LLPs that are semi-stable or
anythir .
- . lfd"y’ = decay in the sub-detectors are
epponiny s predicted in a variety of BSM
> " mode|s:
LA VO 1 e B e « Heavy Neutral Leptons
GBS (HNL)
7 AN | 52K s + RPV SUSY
2 o
™ e not pictured: « Dark sector models
d'*P:t““'d displaced  out-of-time decays
veriex

conversion

The range of unconventional signatures and rich phenomenology
means that understanding the impact of detector design/performance
on the sensitivity of future experiments is key!
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LLPs @ FCC-ee

- Targeting precision measurements of
EWK/Higgs/top sector of SM.

- Unique sensitivity to LLPs couplingto Z = 1§

or Higgs.

oF =up
s

!

- No trigger requirements. o

SRR REEE
it

1[I

. Excellent vertex reconstructonand "« e w oo
Impact parameter resolution can T
target low LLP lifetimes (this can
drive hardware choices).

(GeV™")

g

- Projections often assume :
background-free searches 10
(should check these assumptions).

FOC-hh, Z <+ ya

1072 107" 1 10 10? 10° 10°
m, (GeV)




For a nice review of electron-hadron colliders

(including EIC) see

Novel use of Energy Recovery Linac (ERL) technology that will be
demonstrated with the PERLE ERL demonstrator DS

Fe Finite p Radius

FCC-he |

FCC-eh (60 GeV electron beams) ‘ e
E.ns = 3.5 TeV, described in CDR of the FCC . Use of ERL technologies T S s
run ep/pp together: FCC-hh + FCC-eh .

a key step towards * FQuark * cony
e ‘ |~ improving sustainability  «™™™ &
=i whilst maintaining high | e
=i luminosities. BN oot

1960 1980 000 2020 Z(MD

FCC-eh _ _
8 point FCC: point D © ¥ Relatively keen environment

associated with e-p collisions
provides a new window to
discover new physics...

dJ. Osborne, W. Bromiley, A. Navascues

Taken from slides by J. D’Hondt at FCC week



https://cds.cern.ch/record/2811194
https://indico.cern.ch/event/1202105/contributions/5435643/attachments/2662467/4612844/FCC-JDH-8June2023.pdf

FCC-eh BSM snapshot

[e]

1. Unigue opportunities for leptoquark searches up <
to 3 TeV. me FCC-e?/

102 7

grated luminosity: 1 ab™

=
jo]

2. Sensitivity to compressed supersymmetric
scenarios that would elude discovery at FCC-hh.

3. Novel charged current interactions for Heavy

Neutral Lepton (HN L) discovery 10°5""500 7000 1500 2000 2500 3000 3500
M, [GeV]
..................... 10-2F
10.3
s Plots taken from
FCC-eh-60 | E ) | vol. 1 of FCC CDR:
1 Z =
e PES https://fcc-
13 1078F
10-7 B Nyp>10 44 Cdl‘WGbCGI’I’]Ch/
8 O N1+|_|_|:> > 100 19
107° kx 1 1 ) i FCC-ee
100 200 300 400 500 1071} ‘ ‘ ‘ ‘
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https://fcc-cdr.web.cern.ch/
https://fcc-cdr.web.cern.ch/

1. Direct discovery potential up to ~50 TeV.

FCC-hh BSM snapshot

Plots taken from vol. 1 of FCC

CDR:

2. Precision measurement of Higgs self coupling.

3. Conclusively test the WIMP dark matter paradigm.

Plus: further indirect probes through rarer/nigher mass Higgs processes.
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https://fcc-cdr.web.cern.ch/

Dark matter complementarity...

... between direct/indirect ... between collider, non-collider
detection and collider searches... searches + astrophysical constraints...

4 taa =10 s L - ]
B E ete | LHC
. b ~_ 1} colliders
) T o LSW %
: =
) T .
; - = i % FCC-ee
== 10
“‘._' et Astrophysics
;:; : X _— S s :  Helioscopes
\ y | 9
['E’lnzl ‘Ol‘n-."ln:nu'_ - SLmipe ld}"t,w.'”:u] 3 00 -
0% A% 40 4t 107 1 103
I f thermal surf ki
Full coverage of thermal surface in L
) : . ALP sensitivity (FCC-ee focussed
MSSM (image credit: arxXiv:1606.00947 ) y( )
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https://arxiv.org/abs/1606.00947
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