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Abstract:

The swampland is the space of those effective field theories that cannot be ultraviolet completed in quantum gravity.
Understanding the swampland is relevant for phenomenological model-building and for observational tests of quantum gravity.
This talk will have three parts:

First, | will introduce the notion relative swamplands, to distinguish the swamplands of different quantum-gravity approaches.
Their intersection forms the absolute swampland.

Second, | will discuss a subset of swampland conjectures in the light of asymptotically safe gravity.

Third, | will explain how asymptotic safety can provide a mechanism to generate universality, when it is realized within an
intermediate regime between a non-quantum-field-theoretic quantum regime of gravity and the standard effective field theory
regime below the Planck scale.
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The swampland

Landscape
effective field theories that are
ultraviolet completed by quantum gravity

Space of all
effective field theories of gravity and matter
(e.g., GR+Standard Model,
Beyond Standard Modéel,
dark-energy models...)

Swampland
field theories that are not
ultraviolet completed by quantum gravity

Why is this relevant?

» phenomenological model building (e.g., dark matter, neutrino masses, modified gravity...):
UV completion with quantum gravity as a selection principle

» observational tests of quantum gravity: swampland properties testable at £ > “ppypo (E << Mpnad)
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The swampland

y.a Landscape
gF effective field theories that are™,
ulglaviolet completed by quantum

Space of all
effective field theories of gravity and matter
(e.g., GR+Standard Model,
Beyond Standard Modéel,
dark-energy models...)

3 Swampland 3
& field theories that are not

may depend on quantum theory of gravity
(assume several internally consistent, distinct theories)

Why is this relevant?

» phenomenological model building (e.g., dark matter, neutrino masses, modified gravity...):
UV completion with quantum gravity as a selection principle

» observational tests of quantum gravity: swampland properties testable at £ > “ppypo (E << Mpjnad)
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Refined picture: relative, absolute and universal swamp

Relative swamp of given QG theory:
Swamp specific to that theory

ST swamp

LQG swamp
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Absolute swamp:
intersection of all swamps

ST swamp

swamp

Is there an absolute swamp?

Universal swamp:
intersection of all swamps
= union of all swamps

Absolute LQG swamp

Absolute swamp

Is the swamp universal?

[AE, Hebecker, Pawlowski, Walcher '24]
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What is known about the swamp?

Absolute swamp
(conjectural)

Relative swamps

String-inspired swampland conjectures

Concrete effective field theories in specific string-theory settings

Concrete effective field theories in asymptotic safety
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Few hints about properties of matter in LQG, causal sets, EDTs...
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Lightning review of asymptotic safety

& its predictive power

h

Asymptotic safety in gravity-matter systems

» Scale symmetry at (trans-) Planckian scales

» Compelling evidence with Standard Model-like matter sectors

» Open questions: Lorentzian signature, unitarity under investigation

running couplings

MPlanck scale-symmetric

Renormalization Group scale k

Predictions for effective field theories at the Planck scale: Example: Standard Model

1t

running couplings
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Higgs quartic coupling predicted (MHiggs ~ 12X GeV)

Neutrino Yukawa couplings driven towards small values
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Lightning review of asymptotic safety
& its predictive power

h

Asymptotic safety in gravity-matter systems

Scale symmetry at (trans-) Planckian scales

Compelling evidence with Standard Model-like matter sectors

Open questions: Lorentzian signature, unitarity under investigation

MPlanck scale-symmetric

running couplings

Renormalization Group scale k

Origin of predictions at the Planck scale

Quantum fluctuations

screen or antiscreen interactions, e.qg.,
[

1
A — _ 3
QED: 8, = kd, e(k) = 1221_26 +...
— e(k) decreases as k is lowered
QCD: 8, = ko, g(k) = — <ETC
By i 8(k) 628

— g(k) increases as k is lowered

relevant coupling = free parameter irrelevant coupling = prediction
0.05¢ 2a,
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quantum fluctuations drive coupling
towards scale symmetry

“om
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quantum fluctuations drive coupling away
from scale symmetry

— a range of coupling values

achievable at the Planck scale

— a unique coupling value
achievable at the Planck scale
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Lightning review of asymptotic safety
& its predictive power

Key property: near-perturbative

How non-perturbative is the fixed point?

» free parameters =~ dimension-4-interactions
* similar set as free parameters at perturbative
(Gaussian) fixed point
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[AE, Pauly ’18]

Pirsa: 25030063

-
5 10 15 N 25 30 35
T T T T T T T
ASROVASOOY ASRSVAONDYASREVALOOYASES
data sets
non-Gaussian eigenvalues at order N: 'y
*y
[ ]
s g'
VI (N) e A
.."'
age”
oped
gye?
w0l I <+— Gaussian line
af
b
]
]
¢ ¥
!
,.“ irrelevant
O = o o ————
oV relevant
a 141l T R I ]
0 3 10 15 20 5 30 35
T

[Falls, Litim et al. "13]

Page 9/20




String-inspired swampland conjectures in the light of asymptotic safety

no global symmetries

weak gravity

de Sitter

—_— —
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Global symmetries

No-global symmetries conjecture:

1) Black-hole spacetimes violate conservation of global charges
%) . NN
NN

black hole undergoes complete
Hawking evaporation (no remnants)

particle w.

black hole global charge

with Hawking entropy

2) Gravity-matter path integral contains black-hole configurations

= effective theory for matter has no conserved global charges

But: explicit calculations in asymptotic safety:

No interactions are generated by gravity
which violate global symmetries of matter fields
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What gives?

Possibility 1: black-hole configurations not adequately
accounted for in functional RG (due to Euclidean signature?)

(can numerical approaches to the Pl help?)

Possibility 2: black holes in asymptotic safety work differently

Asymptotic safety or standard black-hole thermodynamics?

Possibility 2a: remnants
asymptotic-safety inspired black holes have vanishing
temperature at Planckian mass
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Global symmetries

No-global symmetries conjecture: What gives?

1) Black-hole spacetimes violate conservation of global charges Possibility 1: black-hole configurations not adequately
accounted for in functional RG (due to Euclidean signature?)

/1/1/ &
. [\/\/ (can numerical approaches to the Pl help?)
R I

black hole pi';lrgclle hW black hole undergoes complete
global charge Hawking evaporation (no remnants)

Possibility 2: black holes in asymptotic safety work differently
A totic safet t lack-hole th ics?
with Hawking entropy symptotic safety or standard black-hole thermodynamics

2) Gravity-matter path integral contains black-hole configurations
Possibility 2b: black holes dynamically suppressed in path integral

= effective theory for matter has no conserved global charges ;
i < . I@gﬂye’s: destructive interference for configurations with § — oo
But: explicit calculations in asymptotic safety: ___ Weyl tensor
b A2
No interactions are generated by gravity S=...+|d x\/ﬁC }-) oo for singular black holes
. Ny

which violate global symmetries of matter fields
S + ~d4 \/ (cy’ t the hori

D) X4/ — —> 0a e NoriZon

, $4C2(V,C — (V,C2P
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Global symmetries

No-global symmetries conjecture: What gives?

1) Black-hole spacetimes violate conservation of global charges Possibility 1: black-hole configurations not adequately
accounted for in functional RG (due to Euclidean signature?)

/1/1/ Sk
. /\f\/ (can numerical approaches to the Pl help?)
Y

particle w.
global charge

BIEcREsIBnabI0se corpists Possibility 2: black holes in asymptotic safety work differently

black hole
Hawking evaporation (no remnants)

' a2 ics?
with Hawking entropy Asymptotic gafety or standard blqck hole thermodynamics*

2) Gravity-matter path integral contains black-hole configurations

Scenario I: Seenario TI: Scenario 11
the absolute swampland is universal, the absolute swampland exists. 0o absolute swampland exists.

= effective theory for matter has no conserved global charges

But: explicit calculations in asymptotic safety: ST ovamp —

No interactions are generated by gravity
which violate global symmetries of matter fields
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(N3 (D)

de Sitter conjecture

c
De Sitter spacetime is not compatible with quantum gravity and any scalar potential V must not be too flat: |VV| > —V

MPlanck

[Coguri, Palti, Shiu, Vafa '18]

Asymptotic safety: fixed point connected to positive cosmological constant at large scales
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[Ambjern, Gérlich, Jurkiewicz, Loll '08]
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So is there no absolute swamp that is shared between distinct approaches?

Scenario I: Scenario IT: Scenario 11I:
the absolute swampland is universal. the absolute swampland exists. no absolute swampland exists.

ST swamp ST swamp

LQG swamp

[AE, Hebecker, Pawlowski, Walcher ‘24|
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Asymptotic safety generates a universal corner of the swampland

Main idea: Asymptotic safety in an intermediate regime Swamplands without effective asymptotic safety
(effective asymptotic safety) Mppk * fﬁ‘nlld
fundamental

Standard Model asymptotically safe nga':,ti:ym QG theory X

o 4 : scaling regime i

2 : / eory swamp

) i / :

= 5

5 | ,

£ i

2 ' ol

Mpiancs Mpwa ~ Cung Swamplands with effective asymptotic safety

: - M, < ¢}
increasing energy scales Planck fund

[de Alwis, AE, Held, Pawlowski, Schiffer, Versteegen "19]

QG theory X
swamp

-1
fflll‘l

d= 10* MPlanck’ x>0
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Universality from effective asymptotic safety: mechanism

81

S
TS

8o %

82

A

Renormalization Group flow:
arrows point towards decreasing energy scales
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&

Universality:

Different initial conditions for infrared attractive couplings
are mapped to ~ fixed-point value

g (k) = g, «+c (k- ffund)_g\

‘ critical exponent

@ < 0 for infrared attractive couplings
free parameter

. g H'H _1
(initial condition at gg(ffund) )

To delineate universal part of the swamp:

— which interactions correspond to infrared attractive couplings?

— what are their fixed-point values?
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Universality from effective asymptotic safety: mechanism in more detail

2:(K) = g vt (k- Cruna)

free parameter
(initial condition at g,(£1,))

To delineate universal part of the swamp: (Tentative) fixed-point properties:

— which interactions correspond to infrared attractive couplings? — near-perturbative: dimension 2 5 interactions,

— what are their fixed-point values? because 0 =~ 0, + 60

log Ay

2

] i U._) Ei (Re(e(")) - gGauss)z
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Universality from effective asymptotic safety: Examples

-0
§:(k) = g tc (k- Crng)
/ 1‘ critical exponent € < 0:

vanishes if interaction for couplings belonging to dimension-2 5- interactions
protected by global symmetry free parameter

(initial condition at g,(£L,))
Examples: %)
" aﬂs" 77'0

* Proton decay ® “ An intermediate, approximately asymptotically safe regime*

29
quariclopton interactions| extends the lifetime of the proton with 6, ., =—-2 - 5 G+ ...
» decouples dark scalars from the Higgs field
« Higgs portal to dark scalal * decouples axion-like-particles from the photon
P 55
Ay H'H ¢ with Higgs fiell G-

B 187
s

* within the systematic uncertainties of our calculations
* Axion-like-particle coupling to photon

s -0 G
8,4 - F, F** with axion-like particle a and electromagnetic field strength £, g, = % +c (k . ffund) “ with0, = -2+ -
protected by shift symmetrya — a + s
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Summary

* Goal: understand the swampland as part of an effort to develop phenomenoclogy of quantum gravity

* Question: is there an absolute swampland (shared between QG approaches) or is the swampland even universal
(i.e., no relative swampland outside the absolute swampland)?

» Status: string-inspired swampland may (in part) differ from relative swampland of asymptotic safety
(no-global symmetries conjecture, weak-gravity conjecture, de Sitter conjecture)

* universality in the swampland may be generated by asymptotic safety as intermediate regime
(proton lifetime extended, Higgs portal coupling switched off, axion-like-particle- photon coupling driven to zero)

...more to come
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