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Beyond the Standard Models: Probing the intersection of

At first sight, one might think that
these sciences of the very small and
of the very large would have very lit-
tle to say to each other. However, in
the past few years the dialogue be-
tween particle physics and cosmolo-
gy has been developing very rapidly.
e
now very concerned about obser-
vations of light element abundances
in distant gas clouds, cosmologists
wait with bated breath to know the
decay rate of the Z° boson. In this
article we outline the reasons for this
developing symbiosis between mi-
crophysics and macrophysics, and
trace some of the development in
this rapidlv chanaina field.

cosmology and particle physics

Particle physics and cosmology
by John Ellis and Dimitri Nanopoulos 1 983

» Connecting the very small and the
very large has been in the sight of
physicists for a while. GUTs
started paving the road

» We knew first from Cosmology
that there were ~ 3 Neutrinos. Still
only have an upper bound on
neutrinos’ masses from
Cosmology

* Nuclear physics is crucial for star
formation, abundances



THE STANDARD MODEL

Of Particle Physics
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No Dark Matter

No Inflation
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THE STANDARD MODEL

Of Cosmology

What is Dark Matter?

Flatness problem: Initial conditions for a present-day
flat universe are < O(10-60)

Inflation?

Vacuum energy is tiny!

CGC, is it constant?

Missing Baryon problem (maybe solved)

Hubble constant disagreement

6 free parameters, too much?
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Phase transitions

Transition from one vacuum (+symmetries) to
another broken phase (+other symmetries).

First order > STRONG

Second order > SOFT

Necessary for generating baryon asymmetry:
1) Baryon number violation
2) Charge and Charge-Parity violation

3) Departure from thermal equilibrium
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The early universe was transparent to GWs!
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A first-order PT means bubbles. Bubbles collide and disturb spacetime massively.
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First order phase transitions from EW to TeV Scales predict stochastic GW backgrounds
accessible by the Laser Interferometer Space Antenna (LISA).

Particle
Physics model
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Early days of GW predictions

Formalism, uncertainties and tool
ecosystem in lively development
oo

LISA will probe "some” region, maybe it

1076 M 02 107!

picks up the EWPT if we are lucky ’
XKD

Theo. Uncertainties of cosmological phase transitions
Croon et al. arXiv: 2009.10080

For a given model/assumption still large
discrepancy in predictions
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FOPT in the SM (s%ewctitaliy )
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Want to know more?

Check Johan Léfgren talk
Session 8-C
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Finding allowed

regions Pick int withi ble sli f
. ick a point within a reasonable slice o
with A >0 and parameter space

] ~ Scaling for FOPT
0% € [~1-107,0]

¥ e [-1-1077,0.5-1077]

¢ e [-1.5-107%,3-1079), EWPT ...

NP ~1-3TeV

EWPT, rho par, ...

FOPT

Find A and m2

Calculate the A log likelihood
given experimental data using Check if it leads to a FOPT

smelli

README.md

| oora assioa] coverage |
Finding v/Tc:

smelli - a global likelihood for N ical i I tati
precision constraints umer!ca Implementa !on
of a binary search by first

placing lower and upper

Flnd pomts in bound on the critical
agreement with data temperature and

minimising the potential.

I and a FOPT

v/Tc > 1, FOPT




Allowed regions

with A > 0 and FOPT
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Cosmology @ Colliders

Search for Higgs boson pair production in the two bottom quarks plus two photons final state )\
in pp collisions at y/s = 13 TeV with the ATLAS detector HHH

ATLAS Collaboration p A
Yamas HHH

Mar 31, 2021

my,

Report number: ATLAS-CONF-2021-016

e e g ~1.2:107° < G < 5.3-107°
—28-107°% < C¥_ 1y < 1.7-107°

Kim, Sakaki, Son
[1801.06093]

~1.65-107° 5 C%

If C'? is constrained to be outside this region,
then the EWPT can not be first-order driven by
new physics beyond the TeV scale.

@ Modified vertex
New vertex




Conclusions
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o First order phase transitions are the (most promising) link between observations,

cosmology and particle physics.

§ e SMEFT a good “agnostic” proxy that captures heavy NP. §§
% e So far, only A < 0 has been seriously thought about. But that means scale of NP :Q
4 %

X
DN

maybe too low 5
S &
. . . . . S
"<° e Proper power counting and care for gauge invariance surprisingly opens up A > 0. 3

;4 %\M/\ﬁ
X

e |t is also allowed by measurements so far! ’:
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A roadmap for the future

The particle physics community refreshes the roadmap for the field in Europe, taking into account the worldwide
context, in the so-called European Strategy for Particle Physics update, which happens every seven years.

Fabiola Gianotti and Gian Francesco Giudice

The focus of particle physics has thus
evolved towards addressing structural
questions about spacetime, fundamental
interactions and the origin of the Universe.
Some of these are as old as civilization
itself and it is fascinating that we have
today reached the maturity and developed
the technologies to address them. The
urge to seek answers to such questions is
part of what defines us as humans. The
ambitious task that lies ahead entails global
collaboration on a courageous experimental
venture, involving high-energy colliders,
low-energy precision tests, observational
cosmology, cosmic rays, dark-matter
searches, gravitational waves, terrestrial and
cosmic neutrinos, and much more.




