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In  this talk 
I will focus mostly on our efforts in understanding the 

electroweak sector, driven by the LHC
10 years after the discovery of the Higgs

the field has changed tremendously,
yet the key ideas remain the same  

BSM nowadays
very active in Dark Matter and Neutrino model-building, 

and somewhat less in Baryogenesis, Dark Energy, Inflation, 
and Gravitational Waves 
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termined by generating composite single-scatter event
waveforms from isolated S1 and S2 pulses and applying
the WIMP analysis selections. The selection e�ciency
is then applied to UDT single-scatter-like events to con-
strain the accidentals rate.

FIG. 5. The 90% confidence limit (black line) for the spin-
independent WIMP cross section vs. WIMP mass. The
green and yellow bands are the 1� and 2� sensitivity bands.
The dotted line shows the median of the sensitivity projec-
tion. Also shown are the PandaX-4T [26], XENON1T [25],
LUX [28], and DEAP-3600 [74] limits.

FIG. 6. Reconstructed energy spectrum of the best fit model.
Data points are shown in black. The blue line shows total
summed background. The darker blue band shows the model
uncertainty and the lighter blue band the combined model and
statistical uncertainty. Background components are shown in
colors as given in the legend. Background components from
8B solar neutrinos and accidentals are included in the fit but
are too small to be visible in the plot.

Statistical inference of WIMP scattering cross section
and mass is performed with an extended unbinned pro-
file likelihood statistic in the log10S2c-S1c observable

space, with a two-sided construction of the 90% confi-
dence bounds [54]. Background and signal component
shapes are modeled in the observable space using the
geant4-based package baccarat [75, 76] and a custom
simulation of the LZ detector response using the tuned
nest model. The background component uncertainties
are included as constraint terms in a combined fit of the
background model to the data, the result of which is also
shown in Table I.
Above the smallest tested WIMP mass of 9GeV/c2,

the best-fit number of WIMP events is zero, and the data
are thus consistent with the background-only hypothesis.
Figure 5 shows the 90% confidence level upper limit on
the spin-independent WIMP-nucleon cross section �SI as
a function of mass. The minimum of the limit curve is at
m� = 30GeV/c2 with a limit of �SI = 5.9⇥ 10�48 cm2.
For WIMP masses between 19GeV/c2 and 26GeV/c2,
background fluctuations produce a limit which is below
a critical discovery power threshold, ⇡crit = 0.32, and
for these masses the reported limit is set to the limit
equivalent to ⇡crit [54]. The background model and data
as a function of reconstructed energy are shown in Fig. 6,
and the data agree with the background-only model with
a p-value of 0.96. A data release for this result is in the
Supplemental Materials [77].
The LZ experiment has achieved the highest sensitivity

to spin-independent WIMP-nucleon scattering for masses
greater than 9GeV/c2 due to the successful operation
of an integrated detector system containing the largest
dual-phase xenon TPC to date. LZ is continuing opera-
tions at SURF and will undertake further detector and
analysis optimization to search for a broad range of rare-
event physics searches, including WIMPs, neutrinoless
double-beta decay, solar neutrinos, and solar axions [78–
80] over an estimated 1000 day exposure.
The research supporting this work took place in part
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DE-SC0012161, DE-SC0015910, DE-SC0014223,
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DE-SC0011702, DE-SC0010072, DE-SC0015708, DE-
SC0006605, DE-SC0008475, DE-SC0019193, DE-
FG02-10ER46709, UW PRJ82AJ, DE-SC0013542,
DE-AC02-76SF00515, DE-SC0018982, DE-SC0019066,
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In DM plenty of 
model building, 

excesses and new 
developments



Before we get into EWSB, types of model building
Recycled models: taking elements  from 

here and there, build a model which 
explains something. Allows to correlate 
different probes, is a lab for new ideas, 

keeps the momentum in case of a discovery

Possibly long-lasting: less specific, develop 
mechanisms or ideas e.g. CW, Supersymmetry, 

dimensional transmutation, dualities/
holography, various uses of symmetries…

Often result of going on a tangent, seeking some 
rationale or notion of mathematical beauty

The broad ideas I will talk about today are products of those 
long-lasting explorations, and they are still standing 
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Why BSM? Isn’t the SM Higgs mechanism ok?

A light fundamental scalar is a quantum conundrum 

(Physical mass)^2 = (bare mass)^2 + (unsuppressed Qcorrections)^2
light scalar = enormous fine-tuning 

Quantum 
corrections to scalars

e.g. mass threshold corrs QGrav
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No Higgs particle
EW phase transition triggered 
by some new strong dynamics, 

confinement
Technicolor & xdim duals

difficult to hide from clean LEP 
data+precise low-energy 

Models were baroque or naive
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Higgs, but with entourage
new mechanism to keep it  

naturally light
Supersymmetry, 

compositeness,  little Higgs, 
extra-dimensions

Consistency: new light <TeV 
resonances

post-W,Z discovery and pre-Higgs discovery
three decades to think on BSM & EWSB

back then, two main routes



chiral
fermion

gauge
boson

Scalar
SUSY

Gauge-Higgs 
unification

Composite 
Higgs

holography

Stable Higgs through symmetries

Many, many possible realizations (phenomenology)
Predict new states, to be discovered

(SUSY partners, techni-baryons and mesons, spin-two…)
AND induce deviations in the Higgs behaviour 
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Exploring the 
boundaries of 

QFT 
unification

Inspired by 
string theory 

and the 
promise of the 

ultimate 
theory

Inspired by
Nature’s way 

of making 
scalar dofs and 
string theory 



And then, there was the discovery 

With a Higgs particle already walking and quacking like a SM-Higgs

In 10 years, the LHC went from a 
hadron/discovery/dirty machine 
to a precision machine where we 
can test the boundaries of the SM
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what are the extremes?

SM enthusiast:
fine-tuning is a technical notion

like the CC
LHC will explore further deeper 

structure of the SM
worthy endeavour per se

crying wolf is bad PR?

BSM hopeful:
we do not understand EWSB
precision is an opportunity to 

see the SM breaking down
Are we in a Michelson moment?
need to keep pushing on with 

direct & indirect searches



Final comments and personal thoughts
Precise measurements at the LHC are testing the SM 

to, I should hope, its breaking point 
But so far all the evidence supports the SM 

and gives no clear hint of  BSM
except hopes in flavour, g-2, mW, photon HVP…

With the problem of WW scattering we had a beacon to 
follow towards the EW scale, but we no longer have one

As a result, many BSM efforts have long moved to more 
dynamical areas like DM, where a good stream of results and 

ephemeral excesses motivates furious model building
Despite the fact that DM could hate us or could be too light 

or too heavy to ever be accessible



The Physics programme at the LHC will continue ~15 more 
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We all should renew the enthusiasm that built the LHC, be a lot 
more outspoken about the profound ideas we explore

Stop with the crying wolf mindset: 
a lot of disciplines rely on exploring big questions

(how does the mind work? is there life in other planets?)
and thrive because they are seen as worthy

Focusing on guaranteed deliverables (SM) misses the point

We theorists should engage again with exploring purely 
theoretical avenues, beyond immediate testing

out-of-the-box ideas are too often considered niche/crackpotty 
and hindering job prospects

but remember these crazy ideas are what many of us are here for 

The Physics programme at the LHC will continue ~15 more 
years, and future colliders may start being built in between

We’re talking about a long time for business as usual

Final comments and personal thoughts



Thank you!
Questions or comments?


