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• Physics is a experimental science and there are still 
several aspects of particle physics that we are not 
satisfied with.



• Physics is a experimental science and there are still 
several aspects of particle physics that we are not 
satisfied with.

• NB: Except DM all of them (naturalness, flavor, flatness 
problem, matter-antimatter,…) can just be related to initial 
conditions.



Flavor

Precision physics programme in Flavour Physics

Jure Zupan, arXiv: 1903.05062

I Current I Projection HL-LHC only

“Opportunities in Flavour Physics at the HL-LHC and HE-LHC”, A. Cerri et al., arXiv: 1812.07638

Rare flavor processes being measured with precision

J. Martin Camalich (IAC) From B anomalies to flavored searches at the LHC June 4th 2019 3 / 19



Lepton universality

Status of LFUV in b ! s`+`�

Leptons do not feel the strong force!

R
K (⇤) =

B(B̄!K
(⇤)µ+µ�)

B(B̄!K (⇤)e+e�)

SM' 1

Other “anomalies” in ⇠ 100 observables of the b ! sµ+µ� mode
I Consistent tension with the SM at close to discovery (4 � 5�)!

J. Aebischer, Flavor Parallel Tue.

Could be far from production @ LHC (or FCC!): ⇤New�Physics ⇠ 30 TeV

J. Martin Camalich (IAC) From B anomalies to flavored searches at the LHC June 4th 2019 8 / 19

Status of LFUV in b ! c⌧⌫ decays

R
D(⇤) =

B(B̄!D
(⇤)⌧�⌫̄)

B(B̄!D(⇤)`�⌫̄)
where ` = e, µ

NEW: Belle measurement with semi-leptonic tag

G. Caria @ Moriond EW 2019 (arXiv:1904.0879)

S. Goldenzweig, Plenary Th.

I Belle SL at ⇠ 1� from SM
F RD consistent with SM

I Tension between Belle and BaBar . . .

I World average now at ⇠ 3� from SM. . .

Why studying the RD(⇤) anomalies?
⇤New�Physics ⇠ 3 TeV

If true, find the “ultimate” collider search

J. Martin Camalich (IAC) From B anomalies to flavored searches at the LHC June 4th 2019 9 / 19



SM predictions/deviations



EFT approach

Jorge de Blas 
INFN - University of Padova

Planck 2019 
Granada, June 3, 2019

The SMEFT: Global fits

�27

Global fit to EW and Higgs data (2019) J. B. et al., In preparation

New Physics assumptions: CP-even, U(3)5
See also: 
J. Ellis et al. ,JHEP 1806 (2018) 146,  
A. Biekötter et al. arXiv:1812.07587 [hep-ph], 
E. da Silva Almeida et al., Phys.Rev. D99 (2019) no.3, 033001 

Preliminary
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Figure 6. Global fit to the EFT operators in the Lagrangian (19). We show the marginalized 68% probability reach for each
Wilson coefficient ci/L2 in Eq. (19) from the global fit (solid bars). The reach of the vertical lines indicate the results assuming
only the corresponding operator is generated by the new physics.

fully developed program including such contributions in the SMEFT framework, we restrict the discussion in this section to SM
uncertainties only.

In the previous sections the results for future colliders after the HL/HE-LHC era were presented taking into account
parametric uncertainties only. This was done to illustrate the final sensitivity to BSM deformations in Higgs couplings, as
given directly by the experimental measurements of the different inputs (i.e. Higgs rates, diBoson measurements, EWPO or the
processes used to determine the values of the SM input parameters). On the other hand, for this scenario to be meaningful, it
is crucial to also study the effect in such results of the projections for the future intrinsic errors. This is needed to be able to
quantify how far we will be from the assumption that such intrinsic errors become subdominant and, therefore, which aspects
of theory calculations should the theory community focus on to make sure we reach the maximum experimental sensitivity at
future colliders.

In this section we discuss more in detail the impact of the two types of SM theory errors described above, from the point
of view of the calculations of the predictions for Higgs observables. This will be done both within the k framework and also
in the context of the EFT results. For the results from the k-framework we will use the most general scenario considered in
Section 3.1, i.e. kappa-3, which allows non-SM decays. On the EFT side, we will use the scenario SMEFTPEW, where the
uncertainty associated to the precision of EWPO has already been “factorized”. In this scenario each fermion coupling is
also treated separately, thus being sensitive to the uncertainties in the different H ! f f̄ decay widths. Finally, we will also
restrict the study in this subsection to the case of future lepton colliders only (we always consider them in combination with the
HL-LHC projections. For the latter we keep the theory uncertainties as reported by the WG2 studies [10]).

In Table 9 we show the results of the k fit for the benchmark scenario kappa-3, indicating the results obtained includ-
ing/excluding the different sources of SM theory uncertainties. Similarly, Table 10 shows the results of the EFT fit for the
benchmark scenario SMEFTPEW. For the EFT results the impact of the different theory uncertainties is also illustrated in
Figure 8. As can be seen, if the SM errors were reduced to a level where they become sub-dominant, the experimental precision
would allow to test deviations in some of the couplings at the one per-mille level, e.g. the coupling to vector bosons at CLIC
in the SMEFT framework (the presence of extra decays would however reduce the precision to the 0.4% level, as shown in
the kappa-3 results). The assumed precision of the SM theory calculations and inputs, however, prevents reaching this level

24/58

arXiv:1910.14012



Neutrinos

• We need to know the 
hierarchy


• We need to know the nature 
(majorana vs Dirac)


• We need to know if there are 
sterile neutrinos



Cosmology



• There are several open problems in cosmology.


• Is ΛCDM enough?


• Inflation?


• Structure formation?


• matter-antimatter


• CP?



Gravitational Waves



• Apart from being a new way of ‘seeing' the universe 
which can change the astrophysics


• eLisa could be sensitive to an stochastic background of 
GW coming from phase transitions in the early universe



Open problems in theory:

• Amplitudes……


• Strong CP-problem


• Quantum Gravity: WGC, Swampland



Theory input for new 
colliders

• Precision calculations


• MC generators


• Parton showering


• Detector simulation



Naturalness
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Naturalness

• Naturalness have been the main reason to build the LHC

• …and the reason to build a new collider

• We need to know if naturalness have something to do with 
the value of the EW scale

• …or is just an accident.

• Any theory that address naturalness requires new particles 
that necessarily will modify Higgs couplings…..another 
argument to measure with precision!!!!!!!







• But there are several alternative to susy or strongly 
coupled higgses without color partners


• We need to be prepared to look for the unexpected


• specially for long lived particles





Dark Matter

• Dark matter is the most stablished reason for physics 
beyond the SM


• We have evidence in several cosmological scales.





But we have no idea what it is:



And a thermal relic is in somewhat trouble



• There are several wimp scenarios where DD is reduced:


• Blind spots


• Pure Higgisino


• Gravitino


• sterile neutrino



• There are several scenarios very different:


• axions


• fuzzy DM


• Dark photons or dark sectors…..


• primordial black holes??



Conclusions

• There are lots of open questions in theory, but the most 
important thing is to be open minded


• There are a lot of regions of parameters space unexplored 
by the LHC, DM searches or cosmological probes


• The Higgs was already an achievement




