The Sage, the Slayer
and
What Came First:
The Forest or the Deer?




UNGEONS
MODELS



Well, too bad if
you are too dumb
to integrate...

10.000 lines
of QRPA code

Master, the
neutrino potential
doesn’t converge...




SO how did

Martin

10.000 lines
of QRPA code

Master, countless models
are invading the realm

of physics. You need to
resume fighting the evil!
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using
everything for
model slaying







What Weapons to choose?
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1 Philosopny




Particle physics is accurately described by EFT with UV cutoft
A\ = Mp Substructure and dofs at shorter distances can be
ignored (physics effects described by local operators involving
only light dofs) as long as momenta & field strengths < A
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higher energies ~ shorter distances ~ more fundamental

Black Hole production:

/ Black Hole grows with E
E>> M = for large E:

higher energies ~ larger distances




Indication of a
breakdown of our
usual way to
do particle physics
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New
Scientist

REBUILDING
REALITY

A bold new way to think about
how the universe fits together

PLUS BEATBOXING ORANGUTANS
SPACE PHOTOS OF THE YEAR / COD’S BIG SECRET
HOW TO SPOT JUPITER'S ICY MOONS

GRAVITATIONAL WAVES
Deep vibrations discovered
throughout the cosmos

HAPPY AS A PIG
Clover tricks for decoding
animal emotions

CRISPR REVOLUTION
Your guide to the new
gene-editing therapies
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» QFT/EFT breaks down at UV cutoff A
» But what is A?
» And what about the IR?

— Consider Black Hole physics




What happens to entropy falling into a Black Hole?

— Bekenstein (1971-1974): growth of Black Hole horizon A
compensates for loss of entropy behind BH event horizon

dM = T dSs, (firstlaw of BH mechanics”,
Bardeen, Carter, Hawking 1973)

— Contradiction to QFT where
information in a volume grows with ~ L3
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Starting from this point,

overcounts dofs!
(' Hooft 1993, Susskind




Yet: Bound from BH entropy still contains many states with
Schwarzschild radius Rs > box size

= even low E particles can collapse into BHSs!

To avoid this, exclude all states with Schwarzschild radius
Rs > box size:




The Schwarzschild radius of this configuration is given by
Rs = M/Mp2 with M =p V =NA\4Lg3

= Rs= N4 Lg% /MPF? is = IR cutoff Lr

Solve for Lg: f -

'

[1CIl, LJ. I -‘!p’f!r\ f(,/,' A H‘:”'/Hl

Lir= Mp /N2 RL 1999, arXiv: hep-th/98031

— Relation between UV cutoff A
and IR cutoff Lr




>> observed Higgs mass: my = 125 GeV
— unnatural cancellation required in SM
with a UV cutoff scale A!




The CKN bound suggests a solution to the “cosmological
constant problem” of the unnaturally small dark energy density
in the universe

Vacuum fluctuations p ~< 0 | Tyuv | O > contribute to the dark
energy density with < p >~ A4~ Mp? ~ 1076 GeV“4 compared to
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» Adopting Lir ~ Ho?, the current Hubble horizon

implies A ~ 103 eV in agreement with observation!

A

A. Cohen, D. Kaplan & A. Nelson,
PRL 1999, arXiv: hep-th/9803132



» The SM cutoff is not 10-3 eV — massive problems with
phenomenology!

» CKN cutoffs are motivated by having QFT without quantum
gravity in between. Where do they come from?




Causal Diamond:

-Largest spacetime region that can be causally probed
during a process

-Minkowski space equivalent of horizon in curved/

expanding spacetimes
-intersection of light cones starting/ending at start and




Causal Diamonds and the Hierarchy Problem

The Causal Diamond for a decaying Higgs

The Causal Diamond is defined by the Higgs lifetime:

End of Process

At ~ (4 MeV)-!
= LR

Begin of Process

M
A = \/ — V4 MeV - 1019 GeV ~ 10%GeV
Lir

H. Pas & T. Kephart, arXiv: 2209.03305 [hep-ph]




Causal Diamonds and the Hierarchy Problem

M
A=/ =V4MeV-109 GeV ~ 10°GeV
Lir

» Reduces finetuning for Higgs mass by 11 orders of
magnitude, yet still not natural!

» Combine with reduced Planck scale for large exira
dimensions, Mp< Mp with Mp’~ 106 TeV:

=
A =100 GeV -1 TeV

» Predicts new physics / quantum gravity below 106 TeV !

» Maybe the absence of new physics at the TeV scale is the
new physics

H. Pas & T. Kephart, arXiv: 2209.03305 [hep-ph]




s
Probing the CKN Bound: Radiative Corrections

A. Cohen, D. Kaplan & A. Nelson,
PRL 1999, arXiv: hep-th/9803132

— effect on anomalous magnetic moments of
electrons and muons

P.Adolf, M. Hirsch, H. Pas, JHEP 2023, arXiv:2306.15313

— effect on radiative neutrino mass models

scotogenic model

 inverse scotogenic model

E. Ma 2006

Z.ee model ScotoSinglet model




I EEEEEEEE—E—E—EPPrrRPmLLIm.,
Radiative Neutrino Masses and the CKN Bound

scotogenic model

E. Ma 2006

1.2my
= 50 GeV
=100 GeV
=1TeV
=10 TeV

10(5 l 05)
/\U\,f/GGV

igure 3: Relative discrepancy between the neutrino mass with and without the influence of the
CKN bound for the scotogenic model. Different mass choices for the free parameters are considered.
The allowed range of Ay in the calculation of the magnetic moment of the muon is displayed as
a red background. The area allowed by both the magnetic moment of the electron and muon is
shown as the violet region.

P.Adolf, M. Hirsch, H. Pas, [HEP 21023, arXiv:2306.1531 3




eutrino Masses and the

Z.ee model
My=1.2M,
— M= 50 GeV
— M,=100 GeV
M;=1TeV
M;=10TeV

— Mp=250 GeV, My=300 GeV, My=1 GeV, My=350 GeV
— change M), 0 3M), — =100 GeV, my=101 GeV, my=250 GeV, 0=0.3

== change Mg to3M; == change m, to 2m,

change My to 3My == change /m, to 2m,
R0 3. Ms =~ change m; to 2m,
=~ change all M; 1 3 M, change ¢ to 20
Note: black and green line are overlapping
all changes together

Note: black/brown and purple /blue lines are overlapping

10*
."\[]\."/GCV
1000 10°
A U\//GL‘V

inverse scotogenic model

ScotoSinglet model

P.Adolf, M. Hirsch, H. Pas, JHEP 2023, arXiv:2306.15313




O( ) effect on generated neutrino mass

—

UV/IR Mixing has significant
consequences for the
parameter space of radiative
neutrino mass models

- Adolf, M. Hirsch, H. Pas, JHEP 2023, ¢



» UV/IR Mixing caused by Gravity constrains the range of validity of
QFTs: IR & UV cutoffs that are related

Solution to the Cosmological Constant problem(?

Solution to the electroweak hierarchy problem(??

Radiative neutrino mass models: sensitive to such effects
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orer kills Death







