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We are all familiar with diagrams like this:

With an important message for particle physics…

Comment: A Cosmological Bridge

1510.04200

2



We are all familiar with diagrams like this:

Particles with this
lifetime are our
responsibility.

BBN and CMB greatly
constrain this region.

Comment: A Cosmological Bridge
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We are all familiar with diagrams like this:

We should consider
this a lifetime target
for our field:

Comment: A Cosmological Bridge
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For a particle to be long-lived it must 
have a very weak coupling, or a 

small phase space.  Consider former.

What is a weak coupling?

5



Dimensional analysis unambiguously 
determines what a “coupling” is.  Seen by 
reinserting ħ into action.

In terms of these dimensionful quantities:

we see that couplings carry a label.

On Couplings

L~ 6=1

[~] = EL , [L] = EL�3 , [�] = [Aµ] = E1/2L�1/2 , [ ] = E1/2L�1

[@] = [m̃] = L�1 , [g] = [y] = E�1/2L�1/2 , [�] = E�1L�1
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Studying the following assignments:

Then if we have any parameter      with 
dimensions of coupling then the quantity:

is dimensionless.  As a result, if 

then we have a weak coupling.

On Couplings

[~] = EL , [L] = EL�3 , [�] = [Aµ] = E1/2L�1/2 , [ ] = E1/2L�1

[@] = [m̃] = L�1 , [g] = [y] = E�1/2L�1/2 , [�] = E�1L�1
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Electron Yukawa

Interaction:

Dimension:

For example, the scalar force mediated by the 
Higgs:

is extremely weak.

Nature 😍Weak Couplings

Coupling
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Fermi Scale

Interaction:

Dimension:

For example, for muon decays we have

and the muon is long-lived due to a tiny coupling 
(standard coupling times small mass-ratio). 

Nature 😍Weak Couplings

L ⇠  4

⇤2

[⇤] = [G�1/2
F ] =

[MW ]

[g]

UV-completion

Coupling
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We know there is a lot we don’t know, but 
nature has clearly demonstrated an affinity 

for weak couplings…

We should avoid excessive theoretical 
hubris and explore all frontiers, including 

the weakest of couplings. 10



Some quantum operator             Contains the 
hidden sector fields.  Interaction with SM is of 
the form

The lower the ‘dimension’ of the interaction, the 
more relevant it will remain at low energies, 
since amplitudes will scale as

This enables us to isolate promising targets.

Organizing the Unknown
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If the hidden sector contains a light neutral 
vector                         , then we have

which also remains relevant at all energies.

Motivation:   Nothing prevents new force carriers 
from being light.  To explore possibility of new 
forces, this is the obvious place to look!

Kinetic Mixing
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If the hidden sector contains a light neutral 
vector                         , then we have

which also remains relevant at all energies. 

Kinetic Mixing
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If the hidden sector contains a light neutral 
vector                         , then we have

which also remains relevant at all energies. 

Kinetic Mixing
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If the hidden sector contains a gauge-neutral 
spin-1/2 operator                   , then we have

which also remains relevant at all energies. 

Motivation:   Could explain the origin of matter-
antimatter asymmetry, could explain 
microscopic origin of neutrino masses, etc…

Sterile Fermions
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If the hidden sector contains a gauge-neutral 
spin-1/2 operator                   , then we have

which also remains relevant at all energies. 

These states can have big mixing angles with SM 
neutrinos:

Sterile Fermions

Generates
SM neutrino

masses.

Generates
large mixing with

SM neutrinos
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If the hidden sector contains a gauge-neutral 
spin-1/2 operator                   , then we have

which also remains relevant at all energies. 

Sterile Fermions

Important
target. 17



If the hidden sector contains a gauge-neutral 
spin-0 operator                            , then we have

which also remains relevant at all energies. 

Motivation:   Could explain the origin of matter-
antimatter asymmetry, relate to dark sector, 
etc…

Higgs Portal
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If the hidden sector contains a gauge-neutral 
spin-0 operator                            , then we have

which also remains relevant at all energies. 

For no mixing, one can get a glimpse into the 
hidden sector through invisible decays.  

Incredibly effective probes possible.

Higgs Portal

1905.03764
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If the hidden sector contains a gauge-neutral 
spin-0 operator                            , then we have

which also remains relevant at all energies. 

Higgs Portal
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If the hidden sector contains a gauge-neutral 
spin-0 operator                            , then we have

which also remains relevant at all energies. 

Higgs Portal
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A UV Perspective on the
Higgs Portal
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Could there be totally hidden states which tame 
sensitivity to physics at the cutoff?

Much attention now to alternative ideas:

h h h h+ ?
Folded SUSY

Theory where EW-charged 
uncoloured scalars are top 
partners

…but they must be charged 
under new hidden QCD’.

Twin Higgs

Theory where top partners 
are SM gauge neutral 
fermions

…but they must be charged 
under new hidden QCD’.

h h

t̃F
h h

tT“Folded Stops” “Twin Tops”

hep-
ph/0609
152

hep-
ph/0506
256

Neutral Naturalness



Naturalness not hidden, just look in new places…

h
tT b

b

Twin
Gluons Hadrons

Twin

Displaced
Decays

New hidden sector 
introduces exotic 
Higgs decays:

Neutral Naturalness



Comment: On Energy
It is tempting to associate the weakly coupled 
frontier with the low mass range.  Why?

Case study:  The Higgs boson is the most 
mysterious particle in nature.  If it has rare decays 
then the only shot at discovering them is through 
Higgs boson decays.
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The Higgs is totally different from other particles 
and could be our new window to the dark sector:

Higgs

Standard
Model

Standard
Model

1612.09284



The Higgs is totally different from other particles 
and could be our new window to the dark sector:

Higgs

Standard
Model

Standard
Model

1612.09284



Comment: On Energy
It is tempting to associate the weakly coupled 
frontier with the low mass range.  Why?

Case study:  The Higgs boson is the most 
mysterious particle in nature.  If it has rare decays 
then the only shot at discovering them is through 
Higgs boson decays.
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Last but not least… SUSY (ish)
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1904.10661 - Neutralinos



The Punchline
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Who recognises this?



The Punchline
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The Punchline
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The Punchline
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The Punchline
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No theorist predicted, never mind guaranteed(!), 
the discovery of the muon.

It occurred by great experimentalists making 
great measurements of known phenomena.

Theoretical models are a good litmus test for
possibility of a signal, but discoveries need not be 

guaranteed.  Most important is to measure!

Will still don’t know who ordered it.

Listen to History


