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“Any two of the very large dimensionless numbers occurring
INn Nature are connected by a simple mathematical relation, in
which the coefficients are of the order of magnitude unity”

-P.A.M. Dirac, 1938
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Technical naturalness:

Even without specitying why
Mp < Mpy, the ratio Is
radiatively stable thanks to
chiral symmetry.

Mp;

Dimensional transmutation:

logarithmic evolution of
asymptotically free gauge
coupling generates a scale

exponentially below Mp

My

Explaining numerical hierarchies requires both
symmetries & dynamics
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The discovery of LLPs is the
discovery of new hierarchies,
or old hierarchies appearing in
new places; either is profound.
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WO (LM 1 gg) [ HI + V(g) + A(H)* cos(8/ f)
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You are here.
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In vacuum, vanilla
relaxion gives O(1) B
contribution to Bqcp
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Viable alternative: dark QCD + relaxion
|[GKR 15, Beauchesne, Bertuzzo, Grilli di Cortona '17]

Field SU@B)n SUQB)c SU@2)r UQ)y Requires
L —~ ~1/2
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N — — 0
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New confining physics near weak scale! Ni=1 QCD, o mixes with/

decays via Higgs. A hidden valley made via Drell-Yan.
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Clockwork o m1s
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Consider an axion, but m,, Mg Mg
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NO INtrinsic hierarchies: 3 Q7 QT
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Now consider N V o mz
axions, linked via

=1
Massless zero mode and N-7 massive modes
L~ 2 .
m /ero mode has an exponential
profile across the “theory space”
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Exponential hierarchy without intrinsic hierarchies.
13



The End of EFT?
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(Electric) weak gravity conjecture: an
abelian gauge theory must contain a state
of charge g and mass m satisfying

[Arkani-Hamed, Motl, Nicolis, Vafa ‘07]

q9 >

m

Mp;

~
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Justification: consider BH of charge Q, mass M decaying to this particle

»
T

Then BH satisfies

Extremal BH (Z=1) stable unless there exists a state with z > 1

Z =Q Mp/M < z=qg Mp/m

# particles produced = Q/q

Energy conservation: mQ/qg < M

= g > m/Mpg 1o avoid stable black holes, remnants, in conflict w/ holography
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The End of EFT?

Electric WGC: m < (9q)Mpi
[Arkani-Hamed, Motl, Nicolis, Vafa ‘07]
Magnetic WGC: A < gMp
[Arkani-Hamed, Motl, Nicolis, Vafa ‘07]
+Scalar WGC: m < v/¢2¢q® — 2 Mp
[Palti ‘17]
dS WGC: m2 2 gC]Mle
[Montero, Van Riet, Venken ‘19]
Axion WGC: f<(1/5)Mp

[Arkani-Hamed, Motl, Nicolis, Vafa ‘07]

New hierarchies from EFT + gravity.
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BRI — LLP

E.g. millicharged particles, € « g
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BRI — LLP

E.g. millicharged particles, € « g
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| LP — BRL

Channeling Nima Arkani-Hamed [e.g. Pheno 2020]...
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| LP — BRL

72 — 9~ 0.87 ‘rational + transcendental = tiny”

. > 2 2
Looks an awful lot like M pare T 0ME <K< MY pare

From rational approximations to transcendental numbers, e.qg.

1 1
d P(z)d
log 2 :/ - >/ (z) dz = P(—1)log 2 + rational
0 0

1+ 14+
z(1—2x)]°
2

Choose P(x) s.t. integral is tiny, e.g.  P(z) = {

2

1 - —
dr |[z(l—x) 11

= log2 — — = 0.0056
/O 1| 2 | %7 16

A lesson for the weak scale from LLPs?
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Conclusions

 SM LLPs are the result of an astonishing
Interplay between symmetries and scales.

« BSM LLPs point to either. new symmetries &
scales, or old symmetries & scales appearing In
new ways.

 We are only beginning.to understand
mechanisms_for scale hierarchies, and LLLP
searches are their experimental tests.

Thank you, and happy hunting!
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