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The Standard Model



The Standard Model

Predictive, successful paradigm
being tested to highest precision
at the LHC

Based on QFT, symmetries
(global /gauge) and consistent
ways to break them
Foundation from which we
develop BSM theories

Standard Model Production Cross Section Measurements
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T'he Higgs of the SM

Runl (and now Run2) indicates a very SM-like Higgs
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Channel

Massive Z..W

Hadron vs lepton collider
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What's next for the SM?

HL-LHC (High-Luminosity) LHC approved, to deliver 3000 inverse fb of data.
Funding ensured until 2035.

2015 2016 2017 2018 2019 2020 2021 Physics
- Shutdown
Beam commissioning

- Technical stop
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Plus other collider experiments testing SM
e.g. super-B factory







Light Higgs Inflation
Matter/Antimatter

Dark Energy

finding our path through SYMMETRIES & DYNAMICS

aiming fora  UNIFIED FRAMEWORK



Example of unified framework: Supersymmetry

Unifies concept of bosons and fermions

Light scalar bosons
Candidates for Dark Matter

Unification of strong /EM /weak forces

Matter / Antimatter asymmetry

Component of Quantum Gravity

New mechanisms
Inflation, Neutrinos and Dark Energy




Alas! SUSY nowhere to be seen

The 13 TeV data (~13 ifb) already undermining hopes energy increase could
unveil new coloured states
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some have a feeling Qf doom
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Where is New Physics?



BUT we are talking about going

From the Higgs, a particle with
known couplings and a mass in a
definite range
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To the unknown
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BUT we are talking about going

From the Higgs, a particle with
known couplings and a mass in a
definite range

Preliminary.
400

To the unknown

The bottom-line

we do not know

what/where New
Physics is

, T
T
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which is what makes this time so exciting



T'he landscape of theories

Each problem in the SM generates a plethora of new ideas
Example: Dark Matter

MSSM

A snapshot of models for
Dark Matter

Popular models =
linked to solutions to other
problems in the SM

Discovery to characterization
of Dark Matter
leading to new discoveries

THANKS TO TIM TAIT
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Multdimensional approach: Dark Matter

THEORY
GOEPIDERSE Discrete symmetries DIRECT ETECTION

Dynamical stability VA7 57, g
‘self-interactions
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SIMULATIONS
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Looking above the fence
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How do we probe the unknown with no compass?

Business as usual
test boundaries of the SM, looking for something
unusual (cross-talk SM /BSM, precision)

Additionally we should work on ideas to use
non-LHC experiments/observations

Why?

-

Hints of New Physics could come from the
connection between colliders with other areas

Ideas/techniques in Particle Physics may be
useful to other areas
N - /
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c.g. The Dark Universe connection

Relic abundance sets limits on precision required at colliders

Collider searches/CMB/direct detection are complementary:
EFT and in models

Excess in gamma-rays can be translated into a mass and a coupling to SM
particles -> colliders

LHC13 20 contour (M1<0)

-
~
~
S b~1
~
~
~

....................

50 100 150 200 250 300

m,o [GeV]

logyo (Qav [GeV“])

'
U'l

o)

Other Bounds Collider Bounds

CAST I LHC @ 7 TeV: mono-v, 5 fb~! —— ILC @ 240 GeV, 1 ab~"
Beam dump LHC @ 8 TeV: mono-v, 19.6 fb -- TLEP@ 1TeV,10ab"
Solar v flux mm LEP @ M;: tri-y, 66 pb~! ~ Bellel @ 10.6 GeV, 50 ab~"

Horizontal Branch
IEm BBN
Supernova 1987a

I LEP @ 189 GeV:
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Future Reach

— LHC @ 13 TeV: mono-v, 3 ab~’
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tri-, 153 pb~!

'
N

-3

'
H

\\

Current limits

2 Vo
Newlmts&prospects] \\

'
_L

h |og10 (Ma[GeV)

4 10 -8 -6 -4 -2 0 2 4

logy (Ma[GeV])

20

lm A I’77
w.-
”r-
b b
Wwk——-cc
88
uu,dd
> -
-ime gty
m’- | ] | . | 1 1 |
) 7 10 20 3 &0

my (GeV)

1402.6703



Dark Matter/Neutrino connection
with Escudero and Rius, 1606.01258

Propose and explore a paradigm -
- U(1)B-1
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Don't forget: cross-pollination
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Summary

* Many facts about the Universe cannot be explained by the Standard
Model, e.g. Dark Universe, Inflation, Neutrinos...

+ We got many ideas, often based on symmetries and their breaking,
which are/will be tested in an array of experiments: colliders, satellites,
underground detectors, telescopes...

Exciting / confusing moment for us: a number of experiments reaching
sensitivity to models, and discovery of the Higgs as a key to unveil new
phenomena. No discovery brings us to think out of the box: theory,
model-building opportunities

+ Focus on ideas/paradigms which can be tested from different sources,
cross-pollination in between fields
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