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Disclaimer

The following contents are based on personal
bias and (lack of) understanding, and the
accuracy is not guaranteed. Some of the
projects mentioned are hypothetical and may
or may not occur. In case of disputes, you
cannot file a lawsuit against the speaker.




Last P5
Science Drivers:

Use the Higgs boson as a new tool for
discovery

Pursue the physics associated with neutrino
mass

|dentify the new physics of dark matter
Understand cosmic acceleration: dark
energy and inflation

Explore the unknown: new particles,
interactions, and physical principles.

Still very much true
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Energy Frontier

Neutrino Physics Frontier
Rare Processes and Precision
Cosmic Frontier

Theory Frontier

Accelerator Frontier
Instrumentation Frontier
Computational Frontier
Underground Facilities
Community Engagement

We need all of them!




What we need

® public support to our field is by no means
guaranteed

convincing case of all proposed research
® nothing is grandfathered in

® percolate individual cases to a cohesive
program

® they are intertwined anyway!

need a case for the entire field




Standard Model

force carriers
©Particle Fever We are not done with SM
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Five evidences
for physics beyond SM
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at least five missing pieces i T ek 7 s

® dark matter
°
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neutrino mass
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® dark energy

® apparently acausal density fILTcujc_u_étlons

® baryon asymmetry

Unusual in science: the problems are clear!
* theoretical problems:

* hierarchy problem
| * origin of flavor
also anomalies (Ho, flavor, g-2) * unification of matter and forces

* quantum gravity
Where is the next energy scale?




Higgs as a lamppost

Coupling
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> Energy, Accelerator

YA

~$10M R&D for ILC-relatedtechnologies
in Japan tikely for the next fiscal year
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A e\ on is the only spin O particle in the standard
" model
® we have never seen one before
® faceless particle!
® one of its kind, no context
® but does the most important job
® looks very artificial
® we still don’t know dynamics behind the Higgs
condensate
® Higgsless theories: now de
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Context for
Scalar Bosons?

Supersymmetry
® Higgs just one of many spinless bosons
®* SUSY loops make mx? negative
® many superpartners
composite
® spins cancel among constituents
a new strong attractive force
many new composite particles
Extra dimension
® Higgs spinning in extra dimensions
®* new forces from particles running in extra D
many KK particles

looking for new laws of physics



Higgs mass range

SM (valid up to Mv) T

preferred

Supersymmetry !
MssM I
: preferred
]
Composite Higgs “
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Standard Model

matter
particles




baryogengesis + DM

dark sector

- Higgs -
Bdark=L dark

— v "

Lsm—Bsm

'~y = y mixing
ete”
Dark baryon: ~1.5 GeV (or ~60 GeV)
E. Hall, R. McGehee, HM, B. Suter + T. Konstantin, G. Servant

Ndark




direct detection limits r

Preliminary, Granada May 2019

Caveat: EFT validity
1 in Higgs-DM
interaction not
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Higgs decay f e
to dark matter ¢ ¢
XIOHL-LHC 10k
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DarkSide-Argo (proj.)

Higgs Portal model
- Direct searches, Majorana DM

107 E Collider limits at 95% CL, direct detection limits at 90% CL
" i PR SO T 7 B | " A gl n " LR

1

Higgs — dark sector —

10°
m, [GeV]

10 10?

SM

95% C.L. upper limit on selected Higgs Exotic Decay BR

x1000-10000 HL-LHC
exotic Higgs decays

1

m HL-LHC
107" m CEPC

_ m ILC(H20)
g 02 m FCC-ee |
2

'-'TJ

L -

= 10 3

om

104

o

10~

|
MmuLGuNLHNNHann

Me, (bb)"'ME, 0])+MET (")*MET bb"'MET Mg, Tr"‘1M7E, (bb)(bb) (CC)(Cc) W vy r7) (rg¢ g Wiy (hy)( )




Energy, Rare & Precision, Neutrino

Power of Expedition

grav. wave
=>progon deay
- - > neutrghc®
i C

—>---> |epton flavor
—> - > quark flavor
—>-> EDM
—> LHC

-ttt
102 10* 106 108 10'° |0'2 104 [0Q'¢ |Q'8
experimental reach [GeV]

(with significant simplifying assumptions)




Near Detector Absorber Hall
Service Building Service Building
(LBNF-40) (LBNF-30)

Absorber Hall
and Muon Alcove

Proton
Decay

Primary Beam Enclosure

Apex of Embankment ~ 60/

MI-10 Point of Extraction

Target Hall Complex
(LBNF-20) Primary Beam
Service Building

(LBNF-5)

Target (MCZero)
Main Injector
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Underground Facilities, Neutrino




iA @ Mpi

Natural to think M is induced from symmetry breaking

_ _ e.g. L=-y(@)N N
inflation
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Phase Transition Gravitational Waves?
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J. Dror, T. Hiramatsu, K. Kohri, HM, G. White, arXiv:1908.03227
covers pretty much the entire range for leptogenesis!
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Dark Energ

Roman !
Xy surveys
ampland

t = Time (seconds, years)

E = Energy of photons (units GeV = 1.6 x 10719 joules)

Particle Data Group, LBNL © 2015  Supported by DOE

The concept for the above figure originated in a 1986 paper by Michael Turner.
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3 22 2.
5 o o o o o
to fluffy

moduli w/
vector

<
o mediation

o)
c
o
=)
S
a)
-
)
o
7}

8T O

Dark
Cosmic, Instrumentation hadrons

Can’t do justice to many many ideas submitted to Snowmass!
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Explosion of ideas

® many new dark matter models

many new experimental proposals

® direct detection with noble gas, quantum
sensors, cavities, radio, chemistry, ...
indirect detection with vy, anti-matter,
neutrinos

® WIMPs should be searched down to v
floor

other opportunities should be pursued

Theory, Instrumentation, Cosmic, Underground




Y Electron mass is natural

by doubling #particles

¢ EIectron creates af rce

Am 8 reffel issglfy 10 o™

® |0 fifre- tuning? Te
® quantum mechanics and

anti-matter
= only 10% of mass even

for Planck-size re~10733cm
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Higgs mass is natural
by doubling #particles!

Higgs also repels itself

Double #particles again
=> superpartners

only log sensitivity to UV

Standard Model made
consistent up to higher

energies ) o 5
Amiy ~ —mgy sy log(mur)

47T

»I still take it seriously
32




clever analysis

precision Higgs, flavor #
HL-LHC

FCC, u, plasma




In all of this:

® theory and computation provide
(mis)guidance, testable theories, support,
precision predictions, and excitement
community engagement is crucial to sustain
healthy community as well as to obtain
support from policymakers and public at
large
® Support for “Research” and diversity (both
people and science) are absolutely critical




What we need

® public support to our field is by no means

guaranteed

convincing case of all proposed research

® nothing is grandfathered in

® percolate individual cases to a cohesive
program

® they are intertwined anyway!

® need a case for the entire field







