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Outline .

» The SM and what it is not
L

HC results and what they tell

ultiple frontier era of BSM searches




SM Is a great theory.

» Successful description of

— strong-and electroweak int. u

» EWSB (Higgs boson ensures u
flavor and CPV physics (CKM r

alid up to very high scales A > TeV
(with m;, ~ 125GeV)

» It’s tempting to believe that this is it...

...but should we? .




SM Is not complete .

asic observations unaccou

< neutrino oscillations

- (cold) dark matter
»baryon (+lepton) asymmetry




SM Is not satisfactor'

» (Hierarchy of) Hierarchy proble
+ Higgs mass: p? + A% ~ 10772 (

»vacuum energy: A. + A* ~ 10

avor puzzles:
+ (charged) fermion masses: m. ~ 107 %m,
< mixing angles: V,;, ~ 0.1V, ~ 0.01V,,s ~ 0.004

< CP phases: 6qcp < Oxm ~ 70°.




SM iIs not fundamen'

»-EWSBis-hot dynamical (why
harge is not quantized

hy generations? Why only 3?
o gauge forces unify? g; 23(10'° GeV) ~ 0.3
Why gravity is weak? gg,..ity ~ (E/101° GeV)?




Where Is BSM phy3|c

> Unllke the Fermi theory, the SM
lve descrlptlon which d
|tself reveal at what scale it b

eutrinos, dark matter, baryon
symmetry do not point to a definite
cale either. (although we have clues.)

» One is then left to follow guidance from

the principle of naturalness:
long distance is not contingent to short di




Where Is BSM physic'

» Stability of the Fermi scale. In
s we cherished a gro
hope for the TeV scale: 2H!

: SM cutoff
assical level

\ /2 scale
u? = pd + csmta—s ~ —(90 GeV)?

&

quantum corrections

csM = 120 SRR T ()




Where Is BSM physic'

» Either theretsamiraecte (A > Te

there IS science.
/\‘

f cqmA?/1672 IS just a « corre
w physics emerges below

- the Higgs field is part of a strong
dynamics (A ~ TeV)

< there are new states related to the SM
flelds by a symmetry:. ¢ = cgsm + cspq = 0

u? ~ pd + 5oz log(A/mswm) .




Top partners at LHC

scalars (supersymmetry) fermions (composiieiHiggs)
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» No colored partners found up j@#, 1 TeV




Model

ADD Gy + 8/
ADD non-rasonant yy
ADD QBH

ADD BH high ¥ pr
ADD BH multijet

RS1 Gy
Bulk RS Gy
2UED/ RPP

+ WW — qaiv

Extra dimensions

Axial-vector mediater (Dirac DM}
Vector mediator (Dirac DM)
WVyy EFT (Dirac DM)

Exotic searches at L

ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits

ATLAS Preliminary
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SO what now? .

» The Fermi scale could be acci
mildly tuned: BSM is still right
—corner. Keep looking, includi

measurements: Higgs, top, fl

p partners are not colored: neutral
aturalness, Twin Higgs and co.

» Perhaps naturalness does not necessarily
Imply new physics near ~ TeV.




Relaxion .

» The Fermi scale is set by a pecul
cosmological history of a light

field: u2 — u2(¢) = —A% + gAg

Relaxion
potential

¢ 23
2A2¢2

Relaxion
field

¢

3
g~ el <1 mg(v) f3 cos




A multi-frontier era

» New physics can be anywhere

|oin efforts from multi
to find new physics:

>

Energy frontier
LHE, FCC...

.@.

Intensity frontier
LHCb, BELLE2...

A 2

Precision frontier
g-2,EDM, isotope shift..

\Y% S\

ma

GeV TeV

.|addd

\

combine them
to checkmate

(eg. B decay
anomalies)




Conclusion .

» With no BSM discovery at the LH

are not in a nightmare scenari
P

ur spectrum of expectation
oader than ever, beyond co

« YOU can never cross the ocean unless
you have the courage to lose sight of
the shore. » Christopher Columbus
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