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* [ will try to draw a path from the current results to where the field
may find itself in 10-20 years
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to fruition decades from now. It’s hubris to assume that my theory
colleagues wouldn’t discover a new direction for inquiry, or that a
major discovery wouldn’t upend our understanding of the universe



* Thisis not a “summary” talk

* [ will try to draw a path from the current results to where the field
may find itself in 10-20 years

* | am an experimentalist

* The future to me is a plan of experiments, some of which may come
to fruition decades from now. It’s hubris to assume that my theory
colleagues wouldn’t discover a new direction for inquiry, or that a
major discovery wouldn’t upend our understanding of the universe

* Nonetheless, there are a lot of “known unknowns” and pursuing them
can be expensive and often require careful international planning

* [.e European Startegy, US P5, etc
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Accelerators

Natural accelerators

Nucleil — I.e. gold foil experiment

-

pion, neutrino oscnlatlons
Human-made
* Cockroft-Walton (linear)
* Lawrence (cyclotron)
* McMillan-Veksler (synchrotron)

* Van der Meer ( p cooling: colliders )
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Particle Physics and the Universe
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BICEP2 Collaboration/CERN/NASA

Astro evidence for Dark Matter connects to Strong CP problem, SUSY, Hidden Sectors
Matter abundance (baryogenesis) connects to the Higgs field and electroweak phase transition
CMB has imprints of inflation, neutrino masses, number of light particle species, etc

Astro observations quantify properties of DM and DE (DES, Rubin/LSST, ...)
3



Two “Standard Paradigms”
The Standard Model ACDM

® Describes quarks, leptons, and three forces ® Describes cosmological history of

that hold known matter together the Universe
® Some tensions (i.e. g-2) but overall fantastic
agreement with experiment

® Ad-hoc flavor structure

® Relies on ad-hoc Higgs potential
® j.e. no BCS theory of the Higgs

® Some tensions (i.e. H,)
® Relies on ad-hoc Dark Matter and

non-zero Cosmological Constant
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® Describes quarks, leptons, and three forces ® Describes cosmological history of

that hold known matter together the Universe
® Some tensions (i.e. g-2) but overall fantastic
agreement with experiment

® Ad-hoc flavor structure

® Relies on ad-hoc Higgs potential
® j.e. no BCS theory of the Higgs

® Some tensions (i.e. H,)
® Relies on ad-hoc Dark Matter and

non-zero Cosmological Constant

® What is Dark Matter

® What created observed matter/antimatter asymmetry
(CP violation, EWK phase transition, ...)

® What caused inflation

® How gravity is incorporated into quantum theory
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Two “Standard Paradigms”
The Standard Model ACDM

® Describes quarks, leptons, and three forces ® Describes cosmological history of

that hold known matter together

® Some tensions (i.e. g-2) but overall fantastic
agreement with experiment

® Ad-hoc flavor structure

® Relies on ad-hoc Higgs potential
® j.e. no BCS theory of the Higgs

the Universe

® Some tensions (i.e. H,)
® Relies on ad-hoc Dark Matter and

non-zero Cosmological Constant

® What is Dark Matter ® Cosmological constant (anthropic?! constant?!)
® What created observed matter/antimatter asymmetry o

(CP violation, EWK phase transition, ...)
® What caused inflation
® How gravity is incorporated into quantum theory
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Two “Standard Paradigms”
The Standard Model ACDM

® Describes quarks, leptons, and three forces ® Describes cosmological history of

that hold known matter together the Universe
® Some tensions (i.e. g-2) but overall fantastic
agreement with experiment

® Ad-hoc flavor structure

® Relies on ad-hoc Higgs potential
® j.e. no BCS theory of the Higgs

® Some tensions (i.e. Hy)
® Relies on ad-hoc Dark Matter and

non-zero Cosmological Constant

® Whatis Darkl\/latter P TOb\e

. ' ® Higgs mass vs Planck scale
(CP viold

® What c&
® How gralii corporated into quantum theory ® Neutrino masses

12

® Strong CP problem



Experimental Problem: Particle Physics Is Expensive



Experimental Problem: Particle Physics is Expensive %33)

—Projects in Less Favorable Scenario —Projects in Baseline Scenario

m ongoing m proposed US DOE
$M 1200 projects only

900

600

300

0
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

not including US-hosted Higgs factory proposals



The experimental program is
expensive -
need strateqgy, prioritization, and
careful planning



The experimental program is
expensive -
need strateqgy, prioritization, and
careful planning

And Most of All;
Global International Cooperation



In this age of economic and geopolitical
challenges | surprise myself by remaining
optimistic about our field






A Way to Think About Particle Physics (used by US P5):
3 science themes, 6 science drivers

Decipher llluminate
the New the
Quantum Paradigms Hidden
Realm in Physics Universe

Elucidate the Mysteries Search for Direct Evidence Determine the Nature
of Neutrinos of New Particles of Dark Matter

Reveal the Secrets of Pursue Quantum Imprints Understand What Drives
the Higgs Boson of New Phenomena Cosmic Evolution

19



A Way to Think About Particle Physics (used by US P5):
3 science themes, 6 science drivers

There are many measurements that are planned
or coming soon that | am eager to see and the
activities in the field that inspire me.

The topics | cover here may reflect this

' xplore
e e
Paradigms
Realm in Physics

Elucidate the Mysteries Search for Direct Evidence
of Neutrinos of New Particles of Dark Matter

Reveal the Secrets of Pursue Quantum Imprints Understand What Drives
the Higgs Boson of New Phenomena Cosmic Evolution

20



neutrinos
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NUFIT 5.3 (2024)

e What are the of neutrinos?

N

10° eV’ Am
' N

e What is the of neutrinos? If inverted,
what causes two heavier neutrinos having similar
masses?

D

Am,,
R
(@)

N
(o))

e Neutrino mixing matrix values do not look like the
ones In the quark sectorwith a small parameter A

010 = 33.41° 1075

B3 = 49.1° 7770,

L o+0.11°
913 = 8.54 _0‘120

Nl—|
>
o
%
o
A

2
21

Am

026 0.28 0.3 032 034 036 0.018 0.02 0.022 0.024 0.026
sin2912 sin2913
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Testing the paradigm: 3 neutrinos”?

Short-Baseline Neutrino Program at Fermilab

MicroBooNE ICARUS

Data (stat err.)

Horn + decay pipe 270 tons of argon 170 tons of argon 760 tons of argon

Events/MeV

(.) / 110 n:eters 470 n:eters 600 m-eters

Constr. Syst. Error

cted (no eLEE)

»

-
o

e s

'l -
kl(""..

Events

101p CCOE 1eNpdn 1e0pdn 1eX

M ! e’ 652 e Mad 40 Mes

The SBN program has explored . Additionally, they have proved crucial in

maturing and analysis. o
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Hint of CP violation?

T2K Run 1-9

O —— T2K + Reactors
B o A s T2K Only
e 2 ' Reactor

NH

L

A hannh
P e v
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10 --20 —30 e Best fit NH
68.27% CL

99.73% CL
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Definitive experiments: DUNE & HyperK

Sanford
Underground Fermilab
Research
Facility

e e -

NEUTRINO
PARTICLE PRODUCTION
DETECTOR

¢ |l UNDERGROUND

PARTICLE
DETECTOR

Phase |

Neutrinos from
> & v | - Fermi National
O s ' Accelerator Laboratory

: R \\io) in lllinois
- ) e
A g“'

Water purification
and circulation

1.5 km = " \/D LAITPC
underground at N s @ Facility

and cryogenic

SURF ! A € _ . : support systems

One of four

detector modules of the
Deep Underground
Neutrino Experiment




Definitive experiments: DUNE & HyperK

Science goals:

measurement of the across a range of possible
CP phase space MIRT only

FD3 only
DUNE phase |

BR + FD3&FD4 (simpl.)

Comprehensively test validity of
with best-in-class precision.

« Search for signatures of

BR + FD3 (simpl.)

ated exposure [MWktyr]

Inteqgr

* Study direct appearance of

DUNE re-affirmed and re-imagined:

« early implementation of with the enhanced
. far detector at SURF.
 An upgraded to aid in controllin

systematics and search for :

27
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Beyond DUNE and T2K?

DUNE and T2K are complementary — especially in the amounts of matter
effects that help with the systematics

If we need more precision after completing DUNE and T2K:
Switch to muon-based neutrino beams
* low energy muon storage rings (i.e. NUSTORM)

* Higher energy if needed (neutrino factory)

Note that there are other things that need muon beams



cosmic evolution
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What Drives Cosmic Evolution?

The dynamical evolution of the universe Is deeply connected to
Its energy content.

What physics is responsible for the rapid, accelerated expansion
during the early inflationary era?

Were there extra light species beyond photons and neutrinos
present in the universe during the radiation-dominated era?

What is driving the current accelerated expansion of the universe?
We must investigate the nature of dark energy in the ACDM paradigm.

30



DESI and Rubin

will provide constraints on cosmic acceleration, and reach

back into the weakly matter-dominated era when the expansion was still decelerating.

The program will stress-test the standard cosmological paradigm, where CMB surveys
can benefit from combinations with space-based datasets.

Rubin Observatory: Legacy Survey of Space "

and Time (LSST) and the LSST Dark Energy DESI :
a spectroscopic surve
Science Collaboration (DESC) (asp pic survey)

31



Cosmological non-constant”?

- DESI BAO
DESI BAO + CMB
DESI BAO + PantheonPlus
DESI BAO + Union3
DESI BAO + DESY5

B DESI BAO + CMB + PantheonPlus
DESI BAO + CMB + Union3
I DESI BAO + CMB + DESY5

32



energy scale of inflation
abundance of light relic particles in
the early universe

sum of neutrino masses
darkmatter

dark energy

33



Present Ready This Ready Next Scientific

Galaxy survey and CMB -

LIGO/Virgo/DES
> 0.7
c
w Z1%DE Spec-S5
y - 4.5 LIM . . .
8 Discover time evolution of dark
8 energy and test the
cosmological constant
GWO 10 hypothesis.

r CMB-S4
_ 0.0005 Discover the natural models of

inflation.
5
. CMB-S4
® Rubin/LSST and DES| - e -
® DESI_” e 0-01@54/055\ 0.002

. CM B_S4 A QC_SSEW oL Discover features in the

0.0002 primordial spectrum; explore a

® R&D towards Spec-S5 \usowwmo signicant porion of uncharted
® R&D for LIM (LUSEE-Night) How | —— -

L Sl gravitational wave background;
explore a significant portion of
uncharted parameter space.

0.1 Discover the non-Gaussianity
signature of multi-field inflation.

Inflation

A

o
o
:‘E Discover new relics up to the
- QCD phase transition era.
o
x . .
= Discover new relics up to the
= era of reheating.
DES
. \ 1085
I e L L OO « Discover halos devoid of
m .
= Mh galaxies
alo 106

g \ GWO Discover extreme low mass
(= L :

.................................................................................................................................... T < halos and concluswely test

cold dark matter hypothesis.

Snowmass: arxiv:2211.09978
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|Nature of Dark Matter

e Dark matter constitutes the majority of the universe’s mass, but itsinteractions beyond gravity remain unknown.
e Cosmic Surveys: probe the distribution of dark matter on a variety of length scales.

® Accelerator-based experiments: attempt to produce dark matter particles.

® |Indirect detection experiments: look for cosmic messengersresulting from dark matter interactions

® Direct detection: focus on detecting dark matter’s interactions here on Earth.

( erens Dark Matter Mass
» Enormous range of possibilities for what eV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV

dark matter can be.
—Handful of particularly compelling candidates.

-WIMPs may help explain stabilization of
particle masses.

~QCD axions would explain why strong
force does not appear to show CP ..
axion-like particles

violation. scalar-vector light DM

—Hidden-sector dark matter and axion-
like particles also well motivated.

" Bl paee e e ®
d ¥ N BN BN s =W W= . L | '
el a

dark sectors

\w
= +2
2R
IgE
o O
S
v @©
O Q
o £
T 8
o

fermions —m@ @

wave-like DM particle-like DM




New Opportunities this Decade:
ASTAE"

Office of Science

Department of Energy Announces $6.6
Million to Study Dark Matter

OCTOBER 1, 2019

The Dark Matter New Initiatives (DMNI) Program
was a huge success. The successful projects now
need construction funding!

*Recommended new program: Advancing Science and Technology through Agile Experiments
37



New Opportunities this Decade:

Cosmic Frontier:

* ADMX Extended (axions 2-4GHz), 9-17 ueV

* OSCURA (low noise “Skipper” CCD detector) 1iMeV-1GeV

» DM-Radio (axion search), <ueV 6
* TESSERACT (Multiple detectors, w/TES readout), >10 MeV

Intensity Frontier (accelerator based)
* CCM Beam Dump exp at FNAL, ~1-40 MeV
» Light Dark Matter Experiment (LDMX) ~ 10-300 MeV

need construction funding!

*Recommended new program: Advancing Science and Technology through Agile Experiments
38




New Opportunities this Decade:

Cosmic Frontier:

* ADMX Extended (axions 2-4GHz), 9-17 ueV

* OSCURA (low noise “Skipper” CCD detector) 1M
» DM-Radio (axion search), <ue

*Recommer graT. Advancing Science and Technology through Agile Experiments
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One of the examples: LDMX
\/

Missing Momentum: Detect DM production S30XL/LESA

Beamline

Existing

S30XL Kicker

— existing LCLS
— existing ESA
— S30XL/LESA

invisible meson decays
Phys.Rev.D 105 (2022) 3, 035036

10-104 & IMX Phase

Invisible o2
Meson Decays 107 | e

1071

: calorimeter

— — — —
W )\ — o

probes hadronic
couplings in mass range
relevant to freeze-out

y = €ap (my/my)*

—_—h

<
b
S

4 GeV: JHEP 04 (2020) 003
8 GeV: pub. in progress

S St
m, [MeV]
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Ongoing Experiments

Darkside 20k

B |
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if il / 1) 7;' Sy

LHC: could produce EW-scale DM XENONNT

i

sensitive to
tra heavy DM

50 meters

ad

IceCube Array
86 strings, 60 sensors each
5,160 optical sensors
/
' DeepCore
6 strings optimized
for low energies

Hantnames
‘

o

1,450 meters

v ivg "

Antenzm

i Eiffel Tower

»é\ 324 meters 5 Tewa Magret
2,450 meters
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Major Project this decade: A 3rd generation (G3)
WIMP experiment

Gradient of Xe discovery limit, 7 = —(dIn¢/dIn MT) !

e G3 WIMP experiment will be so sensitive
to dark matter SMinteractions that
neutrinos become an irreducible
background -> the neutrino fog.

e Can be hosted in the cavern made
available through the SURF expansion
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Xe neutrino fog ‘
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Snowmass2021 Cosmic Frontier
Dark Matter Direct Detection to the Neutrino Fog

South Dakota Science
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lceCube-Gen2 & CTA

IceCube-Gen2: ten-fold improvement in sensitivity Cherenkov Telescope Array (CTA) provides
to astrophysical neutrinos over IceCube, most sensitivity to WIMP thermal targets beyond
sensitive probe of heavy decaying dark matter. the reach of G3.
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Dark Matter at Future Colliders

Dark matter searches in collider are complementary to other searches

WIMP, Mediator searches, Beyond-WIMP, Higgs portal...

Benchmark/example: simple WIMP case
Higgsino 2 o Reach

Indirect

L) ' '
SPPC 75 TeV
FCChh 100 TeV

FCCeh B X+MET inclusive
HL—-LHC

MuonC 14 TeV : -
MuonC 10 TeV Disappearing track

MuonC 3 TeV

CLIC 3 TeV Kinematic limit, 0.5 X E-y,
CLIC 15 TeV |
CLIC 0.38 TeV | | | Precision measurement

ILC 1 TeV
ILC 0.5 TeV

FCC—ee |
CEPC 7 Ihermal target
1 | 1 |

m,(TeV)



the Higgs boson
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SM has the simplest function potential that produces EWSB
First time in particle physics when Occam Razor worked?!

Analogous to Ginsburg-Landau superconductivity and the BCS: there’s a new force
between electrons carried by new particles (phonons)

Higgs mass should be Planck scale without tremendous fine-tuning (hierarchy problem)

SM Higgs introduces at least nine (or 12?) new forces that give masses to fermions, existence
of only four of which have been experimentally confirmed so far. The number and strength of
these forces remain unexplained

SM Higgs potential does not allow for phase transition in the early Universe that can generate
observed matter-antimatter imbalance in the Universe

Need to modify the potential or introduce new spin O particles

Fundamental spin O particles are easier to fit into a coherent theory if there is more than one.
Are there more spin 0 particles than just SM Higgs?
Or is the observed Higgs boson (partially) composite?



Direct and indirect searches for the Dark Matter so far yielded no discoveries

Higgs field is a fundamental feature of the vacuum we occupy together with the Dark
Sector. The coupling between the Dark Sector and the Higgs, however small, is likely
non-zero. lts existence can show up as rare / exotic Higgs boson decays (aka Higgs

portal to DS) and could be our only connection to the Dark Sector.

Models of Inflation require scalar fields - are our questions about the Higgs connected
to them?

SM couplings extrapolated to high scale do not unify. Theories with extra particles at
TeV scale (i.e. SUSY) modify the running of the couplings allowing grand unification,
and require a modified Higgs sector



Higgs Story So Far

ATLAS Run 2
i Ke = Ky
K. Is a free parameter
Higgs boson measurements: SM predictor
 mass measured to better than 0.2% /'T/Lb Lentons ouarke
» established to have zero spin
. lifetime measurements made using model- B -[EE
dependent quantum interference effects T ey /85 20O
'° : |-

* multiple couplings measured to 5-10% precision
 major production modes observed

10 10°
Particle mass [GeV]
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CMS 132 b (13 TeV)
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He uses statistics the way a drunken man uses
lamp-posts: for support rather than illumination

Andrew Lang
Scottish Man of Letters
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HL-LHC

® Natural width of the Higgs is small, so
even tiny couplings to dark / hidden
sectors are measurable

First real stab at Higgs self-coupling
measurement

Lots of territory for new physics
(more on that later)

ATLAS Preliminary
Vs =14 TeV, 3000 fb?

Non-resonant HH
No syst. unc.
Asimov data (k) = 1)
—— bbT*tT"

— N W0 B~ O O N

—_— b5yy
—«— bbbb
—e— (Combined

Peak luminosity [10°*cm™?s™]
Integrated luminosity [fb'1]

-

2028 2030 2032 2034 2036 2038 2040
Year
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Priority: A Higgs Factory

covering center-of-momentum energy range 90-350 GeV.

+ Clean tagged sample of Higgs bosons (same size as unbiased Higgs sample at the LHC, but much better
signal/background and clean environment to identify exotic decays)

* Precision measurements of (factors 2-10 improvement over LHC).
. , testing through quantum loops that relate W & Z bosons, the top quark, and the Higgs.
 Improve knowledge of coupling to , potentially provide access to coupling to

FCC-ee at CERN ILC in Japan
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) N 92 =

e 9 exP( 1/0 , @5 exp(=1/¢?)

Reichertetal., 1711.00019

Higgs potential is an ad-hoc part of the Standard Model
® Ginsburg-Landau as opposed to BCS
® Measuring it can reveal the underlying fundamental theory

ke (@) In Cerd st T =0

Cosmological connection: electroweak baryogenesis
o SM Higgs potential does not result in strong type 1 EWK phase 50 100 150 200 20 300 350 400
transition necessary for baryogenesis — but slight modifications of the ¢ Ge¥
potential could, and they would be detectable at high energy (10 TeV
pCM™ or larger) collider

Vi

Additional scalars

o Can solve hierarchy and EWK baryogenesis. Even simple extensions of
the Higgs sector are hard to discover. Studies suggest at least 10 TeV
pCM™ for good coverage

Curtin et al., 1409.0005

*Parton center-of-momentum 54



¢t exp(=1/¢?) (‘(\[( 1/¢%)

Reichert etal., 1711.00019

Higgs potential is an ad-hoc part of the Standard Model

® Ginsburg-Landau as opposed to BCS
® Measuring it can reveal the underlying fundamental theory

Cosmological connection: electroweak baryogenes < :
e SM nggs potentlaldoes not reswh— stro T se T T B TN AR
ete

LLE CH m ctable at high energy (10 TeV
ddltlonal scalars ma

o\ Can solve hierarchyaraEWK baryogenesis. Even simple extensions of
the Higgssector are hard to discover. Studies suggest at least 10 TeV

pCM™ for good coverage

Vel (@) i GeV? at 77= 0

-

Curtin et al., 1409.0005

*Parton center-of-momentum 55



New paradigms:
direct and indirect searches
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»|Search for Direct Evidence of New Particles

° enable us to explore the unknown with the potential for discoveries
beyond our current imagination, providing access to
weakly coupled to the Standard Model.

e Some searches are guided by specific theoretical ideas, some by experimental data, and
some attempt to be model-agnostic by performing a

ATLAS, CMS, and LHCb Experiments at the LHC
“Small” experiments: FASER, MilliQan, LDMX, ...

Higgs Factory — unprecedented sensitivity to exotic particles in Higgs and Z boson decays
10+ TeV pCM collider —

57



Searches at the LHC and HL-LHC

Overview of CMS EXO results ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

CMS preliminary March 2023
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Searches at the LHC and HL-LHC

Preliminary
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An example from Belle
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An example from Belle
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Pursue Quantum Imprints of New Phenomena

e Even when particles are , their might be seen.

® There is a long history of , from radioactive beta decay
leading to the neutrino to the matter-antimatter asymmetry in kaons leading to the 39 quark
generation.

® The IS particularly sensitive to quantum imprints of particles that are notpresent
In either the initial or final state of interactions. Progress necessitates clean theoretical
predictions and

g-2, Mu2e, Belle Il, LHCb, (plus ATLAS and CMS!)

Belle Il and LHCb ,
for Mu2e Il and advanced muon facility

Higgs Factory — also factory of b-quarks, top quarks, and Z bosons
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CLFV experiments: one of the best high energy scale probes

107§ 'ﬁm _1 7
5. S I L
=100 = s < 106

v 10°: L] 5] S |
< 10° 5 3 I s 110

< 10* A ? $3

5 : Q 2

= : — N < S O 5104

S 10°. N S 8
y 102§ i i g g 10
J < Y ) SN SR .10

10! S F L IL1 7 |
TN N § RV l - > 5101

o SR SIS
S| LS o] ﬂ 10°

~ O o~
Observable MUBG @

light colour: present
dark colour: future prospect  EPPSU2019 Physics Briefing Book Mu2e @FNAL: u — e conversio
. N

423 ‘//«,,ﬁf = ,'| RSy Sy 4 e — — —' Y
—_— - ‘ - e = i - 7 ooy T > :
C —I - : f : . 3 % — ‘,ﬁ*":"“;:’:-: = SR M

o4



Case for 10 TeV pCM* collider

. Higgs potential measurement
. Higgs friends / new fundamental scalars
. Thermal WIMP

. Examining EWK scale from above - definitive test of naturalness

*Parton center-of-momentum
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. Next frontier of high-energy physics is at the

. Don’t currently have the technology to build such a
machine in a . i)

. Recommend a towards such a \ Y 4
machine with the goal of having
by the end of this decade.

Three possible concepts: fy i B A4 International

I - . { /] "\UON Collider
- Proton collider (huge tunnel and high field magnets). - - ’ | / Collaboration
 Wakefield e*e" collider (efficiency and luminosity) — .
 Muon Collider (muon cooling, fast cycling magnets, E%f_:*y

and dozen other challenges) = —X

*Parton center-of-momentum
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pd:: The Pathtoa 10 TeV pCM

Realization of a future collider will require resources at a global scale and will be built through a world-
wide collaborative effort where decisions will be taken collectively from the outset by the partners.
This differs from current and past international projects Iin particle physics, where individual
laboratories started projects that were later joined by other laboratories. The proposed program aligns
with the long-term ambition of hosting a major international collider facility in the US, leading
the global effort to understand the fundamental nature of the universe.

In particular, a muon collider presents an attractive option both for technological innovation and for
bringing energy frontier colliders back to the US. The footprint of a 10 TeV pCM muon collider is
almost exactly the size of the Fermilab campus. A muon collider would rely on a powerful multi-
megawatt proton driver delivering very intense and short beam pulses to a target, resulting in the
production of pions, which in turn decay into muons. This cloud of muons needs to be captured and
cooled before the bulk of the muons have decayed. Once cooled into a beam, fast acceleration is
required to further suppress decay losses.

Although we do not know if a muon collider is ultimately feasible, the road toward it leads from
current Fermilab strengths and capabilities to a series of proton beam improvements and neutrino
beam facilities, each producing world-class science while performing critical R&D towards a muon
collider. At the end of the path is an unparalleled global facility on US soil. This is our Muon Shot.
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FNAL: shoot for the muon
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Looking into 2034
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Looking into 2034

e Colliders

eHL-LHC is in full swing: exotic Higgs decays? Evidence of compositeness?

Electroweakinos? LLPs?

eHiggs Factory is being constructed somewhere in the world

eMuon Collider demonstrator is under construction

eBreakthrough in high temperature superconductor magnet technology? WFA?
eNeutrinos

oMass ordering is known!

oWill we get lucky with Ovp[?

oWill we resolve MiniBooNE anomaly? Or discover new ones? Light Dark Matter?

oNo CP discovery but will the tension between NOvA/DUNE and T2K/HyperK grow?
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Looking into 2034

e Dark Matter
e results from new DM initiatives (ADMX-ERF, LDMX, OSCURA, TESSERACT,... )
eG3 start datataking
e Muons
og-2 puzzle unambiguously sorted!
oCLFV @FNAL @PSI @J-PARC experiments running or completed
e CNVIB
oDynamic Dark Energy?
oHubble tension resolved or solidified?
oNeutrino masses, Neff, ...
oPrimordial B-modes
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L ook Into 2034

The future is very uncertain
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The future is very uncertain

I"m sure it will not be easy



L ook Into 2034

The future is very uncertain

I"m sure it will not be easy

I’'m sure it will be a lot of fun

lgs)



L ook Into 2034

And | hope we will also learn something fundamental about Nature




