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How do we know if it’s true? 
What LHC signature could be a smoking gun 
for neutral naturalness? 

Is there a set of result at the LHC that may 
convince us neutral naturalness is NOT 
realized? 

What about the 100 TeV collider? Will failure to 
see the resonances from the UV completion be 
enough to kill the scenario?  
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Flavor stupid

Is there any complete flavor theory 
within the neutral naturalness paradigm? 

Could such a complete theory give us a 
focus as to what to look for at low 
energies?  

Figure 2. Current constraints of neutral meson oscillation measurements on new �F = 2
dimension six operator contributions, given in terms of the e↵ective operator scale (for generic
flavour structures on the left and in the MFV limit on the right) or Wilson coe�cients’ size (in
the centre). Bounds on the CP conserving and CP violating contributions are shown in blue
and red, respectively (see text for details).

operators involving only SM fields [4] via the matching procedure

LBSM ! L⌫SM +
X

d>4

Q(d)
i

⇤d�4
, (3)

where d is the canonical operator dimension. Below the EW breaking scale, these new
contributions can lead to (a) shifts in the Wilson coe�cients corresponding to Qi present in
Le↵

weak already within the SM; (b) the appearance of new e↵ective local operators. In both cases,
the resulting e↵ects on the measured flavour observables can be computed systematically. Given
the overall good agreement of SM predictions with current experimental measurements, such
procedure typically results in severe bounds on the underlying NP flavour breaking sources in
LBSM.

Let us consider the canonical example of NP in �F = 2 processes associated with oscillations
of neutral mesons (for recent extended discussion see [5]). The leading (d = 6) NP operators
are of the form Q(6)

AB ⇠ z

ij [q̄i�A
qj ]⌦ [q̄i�B

qj ], where qi denote the SM quark fields, while �A,B

denote the Cli↵ord algebra generators. Assuming z

ij to be generic O(1) complex numbers,
z ⇠ exp(i�NP), the reach of current constraints in terms the probed NP scales ⇤ are shown
in Fig. 2 (left). It is important to stress that most of these constraints are currently limited
by theory (i.e. lattice QCD inputs [6]) and parametric uncertainties. Consequently, significant
future improvements will require a corroborative e↵ort of mostly lattice QCD methods on the
theory side, as well as improved experimental determinations of SM CKM parameters by flavour
experiments, most notably LHCb and Belle II. Among the few �F = 2 observables which
remain largely free from theoretical uncertainties are those related to CP violation in D

0 and
Bs oscillations. These are expected to remain e↵ective experimental null-tests of the SM in the
foreseeable future.

The current severe flavour bounds could be interpreted as a requirement on beyond SM
(BSM) degrees of freedom to exhibit a large mass gap with respect to the EW scale (if the
NP flavour and CP breaking sources are of order one and not aligned with Yu,d). Conversely,
TeV scale NP (c.f. Fig. 2 (centre)) can only be reconciled with current experimental results,
provided it exhibits su�cient flavour symmetry or structure, such that |zij | ⌧ 1 (the extreme
case being minimal flavour violation (MFV) [7], where one requires Yu,d to be the only sources
of flavour breaking even BSM) . However, even in this most minimalistic scenario, the suggestive
pattern of masses and mixing observed in both the quark and lepton (neutrino) sectors remains
largely unexplained. It thus remains as one of the ultimate goals of flavour physics to determine
whether the observed hierarchies and structures of flavour parameters are purely accidental, or
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Plot borrowed from J. Kamenik



Where are the bodies buried

UV completions? 

Flavor? 

Cosmology?

...



Landscape
Any BSM theory can be characterized by 2 quantum 
numbers: B (baroqueness == complications)  
 and S (strangeness == fine-tuning)

Example 3:   The A4 orbifold Higgs
• A4 is a 12-dimensional, non-abelian group!
• A4 has 3 dim one irreps and one dim 3 irrep

d1 = d2 = d3 = 1 d4 = 3

[SU(36)⇥ SU(24)]/A4 ! [SU(3)⇥ SU(2)]3 ⇥ SU(9)⇥ SU(6)⇥ U(1)3 ⇥ S3

g(1) = g(2) = g(3) =
g(4)p
3
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‘Twin’ Higgs mechanism goes through as before, 
but non-trivially
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Entropy bound?



Model Building...



Back-upNeutral naturalness
Partner quantum #s Global SUSY

QCD x EWK CHM, Little Higgs MSSM

Neutral x EWK Quirky Little Higgs Folded SUSY

Neutral x Neutral Twin Higgs ????

dim-6 mixing dim-8 mixing

*Table borrowed from David Curtin

borrowed  from
Nathaniel’s talk


