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The Higgs & Naturalness

New Physics see"saw problem from e#ective Peld theory point of view:

(unibcation! dark matter! nu masses! CP violation! gravity !E)
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Where to expect a low cutoff

Besides Higgs (and derivatives) operatorsE

The top connection
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A heavy (strongly coupled) top is very important$



Where to expect a low cutoff

Besides Higgs (and derivatives) operatorsE

The top connection
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A heavy (strongly coupled) top is the key ingredient$

The top (and Higgs) should show behaviour of composite particles.



The SM has not been fully tested

e$g$ R"handed quark sector:

Due to small couplings to the Z boson:  guz.4r = % CiQu,dst
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The SM has not been fully tested

e$g$ R"handed quark sector:

LHC high energy capabilities
Strong qq scattering: PP jj
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highly energetic (%3 TeV) & very central events$
Domenech, Pomarol, Serra 012
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Probing top sector

Some New Physics deformations a#ecting the top sector are enhanced
at high energies & can be eé&ciently probed at the LHC$

Leading deformations: tt scattering
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Di&cult to probe at the LHC$ Current bounds are very weak$



Probing top sector

Some New Physics deformations! a#ecting the top sector!
are NOT enhanced at high energies

Leading deformations: Modified Z,W couplings
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Probing top sector

Some New Physics deformations! a#ecting the top sector!
are NOT enhanced at high energies

Leading deformations: Modified Z,W couplings
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direct bounds from LEP (Rb & AbFB) at per'mille: 15! 1000"g, /g ! +2




Probing top sector

Some New Physics deformations! a#ecting the top sector!
are NOT enhanced at high energies

Leading deformations: Modified Z,W couplings
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direct bounds from single top productionat LHC: ! 0.2! g n /9t n ! 0.1

Bernardo et al. 014



Probing top sector

Some New Physics deformations! a#ecting the top sector!
are NOT enhanced at high energies

Leading deformations: Modified Z,W couplings
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direct bounds from ttZ production at LHC: | 221 g /g ! 30

Rontsch, Schulze 015
These bounds are very weak!



Probing top sector with tW scattering

Some New Physics deformations a#ecting the top sector are enhanced
at high energies & can be eé&ciently probed at the LHC$

Leading deformations: Strong tW scattering
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Amplitudes grow with the energy (much like WW scattering)$



Probing top sector with tW scattering

e.g. Wt scattering
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Probing top sector with tW scattering

e.g. Wt scattering

IM (W't W' )2 =

, 4?: (s f)A2 " f’;?gv t A,CL+ B2, " f;r:; SA,C.+ O(s/m2,)+ 44
Coeé&cients associated with growing amplitudes:
A= Gyt a1 )" IS
Blr = % Gov ' G (1" %S\Z/V)-l- QR%S\ZN ) %S\ZN#
Finite pieces:
g=c" g>" C, = ¢, " Gy

CL — AL+ CL



Probing top sector with tW scattering

e.g. Wt scattering
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Probing top sector with tW scattering

e.g. Wt scattering
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CMS (1303.3239 ) & ATLAS (com-cONF-2014-051 ) looked at this process in
Same Sign Leptons but they did NOT include our signal$

We have OreproducedO their same analysis:
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Probing top sector with tW scattering

Including also ttZ production and Tri-lepton analysis:

8 TeV, 68and95% CL, stat+ sys

Jo/ QEM

We are doing better than “"standard” analysis.
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Probing top sector with tW scattering

To do better we should aim for the hard process (as in WW scattering)$

e.g. Wt scattering
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Signal significance improves by factor 2-3.



summary

The (relevant) properties of the top are still poorly known$

Let us take advantage of the high energies accessible @ LHC
to test the SM more accurately$
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DON’T PANIC
ACT NATURAL

Thank you for your attention



