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leptons

[Falkowski, Eur. Phys. J. C 83 (2023) 7, 656]

Particle Physics & EFT

EFT = Effective Field Theory]
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e.g.: Weak force e.g.: Strong force

Wilsonian EFT 'Onion'’ UV/IR decoupling UV/IR decoupling @
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The 'Standard Theory’

Quantum cosmo, topological sector, ...

SM = EFT SMEFT GREFT
Experimental evidences: c(d) @D 1q +f = M, —
- Gravity/Dark Universe Lsmerr = Lsm + Z I U (A i, ) LGRreFT = __V_QR Einstein-Hilbert
- Neutrino masses id>4" s a\/_Rz + by=g R, RH
- Matter-antimatter asymmetry l . higher-curv.
Theoretical motivations: 1 C, . [Donoghue, arXiv:gr-c/940505/]
. v c c [Review: Burgess, arXiv:gr-qc/0311082]
- Landau pole{10%: GeV) Wembzrg_osperator (¢.H®)(£5H)
- Hierarchy problem = | ¢y ~ 1
- Flavor puzzle L ikingyasses) | A, ~ 101* GeV QFT of gravitons
- Strong CP problem (spin 2):
- Inflation [Review: Falkowski, Eur. Phys. J. C 83 (2023) 7, 656] oy @
= i y MP] J. Donogh
. ghue
Sakurai Prize 2026
] Unified framework! Open issues with gravity:
- Standard (Effechve) Theor'y EW + Strong + Gravity Deep UV (UV completion, singularities)
= GRSMEFT - Deep IR (horizons: black holes, dS, ...) @
[Ruhdorfer, Serra, Weiler, arXiv:1908.08050] _ .
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Almost 50 Years of Hierarchy Problem!

A large hierarchy of scales!

Planck

[Susskind, Phys. Rev. D 20 (1979) 2619-2625]

(mp)2 w+ <6m\H>SM

‘Renormalized’ mass
Absorbs the unkown (E > Agy) ~  ------- top }------
Should be computable (UV) t

SM radiative corrections
to Higgs mass (E < Agy):

33’t
~ A
472

SM cutoff: Agy < 500 GeV

No fine-tuning - A I._HC reach!

(6)


https://cerncourier.com/a/naturalness-after-the-higgs/
https://doi.org/10.1103/PhysRevD.20.2619

Symmetry-based Solutions

“Natural” spectrum versus “Unnatural” spectrum

Supersymmetry +
[Dimopoulos, Georgi, Nucl. Phys. B 193 (1981) 150-162]
{
New 1010-101° GeV ? | New
Physics | Physics
t
H H to screen .;
"""""" influence of
new physics i
t
Symmetry? [
t{stop ye “Natural™ 1TevV?
physics
———————— J e ——
Fermi —— 100 GeV «—— Fermi
Standard Standard
Model Model
Colored top partners < 500 GeV Credit: Mooij, Shaposhnikov, Nucl. Phys. B 990 (2023) 116172

[Craig, APS Physics 13 (2020) 174]

— LHCreach! LHC — "Naturalness Hits a Snag with Higgs” @


https://doi.org/10.1103/Physics.13.174
https://arxiv.org/abs/2110.05175
https://doi.org/10.1016/0550-3213(81)90522-8

CREDIT: CERN

Physicists’ Nightmare Scenario:
The Higgs and Nothing Else

Many fear the LHC will cough up only the one particle they’ve sought for decades.

Some would rather see nothing new at all

Suppose you are a particle physicist. A score
of nations has given you several billion
Swiss francs to build a machine that will
probe the origins of mass, that ineffable
something that keeps an object in steady
motion unless shoved by a force. Your pro-
posed explanation of mass requires a new
particle, cryptically dubbed the Higgs
boson, that your machine aims to espy.
When, after 2 decades of preparation, you
get readv to switch on vour rie. vou would
fear n

ity the

scale,” the mind-bogglingly high energy at
which gravity pulls as hard as the other
forces of nature. The Higgs alone could
essentially mark a dissatisfying end to the
ages-long quest into the essence of matter.
If, on the other hand, the LHC sees no
new particles at all, then the very rules of
quantum mechanics and even Einstein’s spe-
cial theory of relativity must be wrong. “It
would mean that everything we thought we
knew about evervthing falls anart.” savs

]} P ]}
A Kr|S'S? [Giudice, arXiv:1710.07663]

NEWSFOCUS I

The particular challenge is to give mass
to particles called the W and Z bosons,
which convey the weak nuclear force.
According to the standard model, the weak
force that causes a type of radioactive
decay and the electromagnetic force that
powers lightning and laptop computers are
two facets of the same single thing. The
two forces aren’t precisely interchange-
able: Electromagnetic forces can stretch
between the stars, whereas the weak force
doesn’t even reach across the atomic
nucleus. That range difference arises
because photons, the quantum particles
that make up an electromagnetic field,
have no mass. In contrast, the particles
that make up the weak force field, the W and
Z bosons, are about 86 and 97 times as
massive as the proton.

Unfortunatelv. the nersnicketv stan-
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[ Hello, Mr Stop
Squark, please.

If that's CERN,
I'm not here.

woult mcar urere wouran e neeu w oo ar,

new physics all the way up to the Planck

www.sciencemag.org SCIENCE VOL 315

model: how to give particles mass.

Published by AAAS

TOUCT: DU TIIUTITE Uy

Higgs would give physicists little to go on in

23 MARCH 2007 1657

THE HIERARCHY
PROBLEM IS A HOAXI

PARTICLE PHYSICS

IS DYING!

THEORISTS
STOLE MY BIKE!

Credit: Munch, The Scream, 1893
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"The PriViIege Of ExperienCing G Kr‘iSiS" [Giudice, arXiv:1710.07663]

// BN More symmetries Landscape
A &N \ (+ small, funing) + Cosmology
‘ \U / il
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Breaking the Wilsonian Picture

Wilsonian UV-completions

, Energy — \
UV — Unitarity
. Locality
Causality
IR

Spaces of
theories

Consistent EFTs

Credit: Isabella, PhD Thesis, Paris-Saclay University, 2023

UV/IR mixing is a
property of gravity!

Breaking of locality
(microcausality)

TOLATY 40 M A
" P

"Pandora’s box’
of non-local QFT

[Craig, arXiv:2205.05708]

[McCullough, arXiv:2412.15744]

‘Ouroboros’ of UV/IR mixing

Drawing from a late medieval Byzantine Greek
alchemical manuscript [source]
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Light scalars?
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Linerarized gravity:

h
Uv
= AS
Juv = Nuv Mp,

N

Pointlike mass:

M > Mp,

M
Mp]T'

h ~

Schwarzschild radius:

Non-linearities in Gravity

General relativity
(classical non-linearities )

~ M%/=gR ~ hd2h + z
n=2

B R

ﬁ )

243 MPl r

"ah

Higher curvature terms
(quantum non-linearities aq)

d™Mmpm
- Z Mm+n —4

Lpc ~—gR* + \[—gR,,R* +

[Hinterbichler, arxiv:1105.3735]
[Joyce et al., arxiv:1407.0059]
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NO ONE UNDERSTANDS

Credit: 'TeeTurtIe

Black Hole
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Scattering Regimes in Gravity

Scattering of 2 particles of mass m <« Mpy in asymptotically D-dim. Minkowski spacetime:

[Giddings, Porto, arXiv:0908.0004]
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[Giddings, arXiv:1105.2036]

D-dim. Planck

mass


https://doi.org/10.48550/arXiv.1105.2036
https://doi.org/10.48550/arXiv.0908.0004
https://doi.org/10.48550/arXiv.1105.2036

[Aharony, Banks, arXiv:hep-th/9812237]

The Ultimate Fate Of Reductionism il etar, axiviioos 084

[Giddings, arXiv:1105.2036]

Strong gravity?
Planck length p; = 1/Mp
= Minimal length scale
= Non-locality! Energy A

Deep UV « Deep IR

strong gravity
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"Fuzzy’ light cone
Credit: Fichet, Saraswat, JHEP 01 (2020) 088

— Gravity makes the hierarchy problem concrete!
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UV/IR Mixing: a Multifaceted "Monster"

Impact on low-energy EFTs??? Light Higgs??? — Several approaches...

N ‘UV/IR”"
: mlxmg

IIIustratlon of the battle between Heracles and the Lernaean Hydra.



Other Faces of UV/IR Mixing

Swampland Program

A Energy

Quantum Gravity
(String Theory)

Consistent with

Quantum Gravity
Not consistent with
Quantum Gravity Theory space

[van Beest et al, arXiv:2102.01111]

Indirect UV/IR mixing / Conjectures!

| Non-commutative Geommetry I

[Craig, Koren, arXiv:1909.01365]

[Hersent et al., arXiv:2210.11890]

Direct UV/IR mixing / Consistency?
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Today's Topic

UV/IR Mixing
by Classicalization

. Kehagias

G. Dvali G.F. Giudice C. Gomez

Dvali, Giudice, Gomez, Kehagias, JHEP 08 (2011) 108, arXiv:1010.1415

Dvali, Gomez, Kehagias, JHEP 11 (2011) 070, arXiv:1103.5963



https://doi.org/10.48550/arXiv.1010.1415
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Species Addition

E
A

H Uy

W e

e.g.: Weak force
UV/IR decoupling

A 3rd Way for UV Completion?

Species Renewal

Aqcp g

e.g.: Strong force
UV/IR decoupling

[Dvali, arXiv:1607.07422]

Species Recycling

> 7

Mp) ¢

e.g.: Pure gravity?

UV/IR mixing @


https://doi.org/10.48550/arXiv.1607.07422

[Dvali et al., arXiv:1103.5963]

[Dvali et al., arXiv:1409.7405]

CIGSS I CG' IZGTIOH |n Gr‘aV”"y [Addazi et al., arXiv:1611.03643]

[Dvali, arXiv:2003.05546]

O(1) numbers
are fixed at 1

Graviton scattering (v/s > Mp;, b < Rgy)

BH = coherent state

Individual graviton coupling: (Ne > 1 gravitons) \
2
q
ag(q?) =

2
MPI

W (cr
Sgy ~ N ~ MpyRg ~

“G(l/Rsz) £12>1

forN® > 1
= BH = Saturon
Mgy ~ /s

Production of a N > 1 state in QFT: Credit: Dvali et al., arXiv:1409.7405

|(2IN) |2 ~e ™V « 1

unless N ~ Ng ~ Spy = entropy of a BH = saturon:

(2|Ng) |* ~ eSr.e~N ~ 1 (2|0(1)) |? ~ e7SBH « 1

GG - BH - GG

overlap with
BH microstates
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[Dvali, Pirtskhalava, arXiv:1011.0114]
[Brouzakis et al., arXiv.1109.6174]

CIGSS'CGI |ZGT|On fO r SCG'G["S? [Rizo, Tetradis, arXiv:1112.5546]

[Rizo et al., arXiv:1206.3785]

Collapsing spherical wave:
Frequency w

—
Go(r,t) = Ylo@ +t—1)] Occupation number 4 ~ 1
o\ x

—> Non-linearities kick off at r,

Z,-symmetry:

</5(x)772> — ¢ (x)

¢*-scalar theory:

1 . o
Ly =50"pdup—7 0

el — \ when w/i
No classicalization

K- essence scalar theory (shift sym.):

L = 50M00,0 £ (0440,9)" ———> T ~A_*<A_>

/when a)/v
w > A,

/ Classicalization?
depends on self-interaction

with derivatives ~ T,


https://doi.org/10.48550/arXiv.1011.0114
https://doi.org/10.48550/arXiv.1109.6174
https://doi.org/10.48550/arXiv.1112.5546
https://doi.org/10.48550/arXiv.1206.3785

Classicalons
(semi-classical)

Fuzzyons
(strong + quantum)

Bosons
(weak + quantum)

Classicalization for Scalars?

\/E “

r N@ > 1
v
- Strong coupling 2, =1/A,
Resolution
¢, q) limit!
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Credit: Berteaux, Nortier

[Dvali et al., arXiv:1010.1415]
[Grojean et al., arXiv:1110.5317]
[Dvali, arXiv:1607.07422]
[Nortier, arXiv:2511.01739]

Outgoing massless bosons:

_ 1
w=|q|~@

Individual boson coupling:
4

q
ak(qz) ~ A&

Classicalization radius:
1

R BN ( Mol |
© 7 "\ 47, 3

Classicalon (Ng ~ /sRg)
= Saturon (ayNg ~ 1)

Vainshtein screening
in modified gravity!
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ZH-symmetry:

P -9, J)p—I®

Vainshtein Screening

[Vainshtein, Phys. Lett. B 39 (1972) 393-394]
[Nicolis, Rattazzi, arXiv:hep-th/0404159]
[Nortier, arXiv:2511.01739]

Linear n Ry\*
K -essence Lagrangian (c, = +1): rejgime ¢A(2T) ~ (—V> K1
2 ¢ : L
— _ gk " S
Ly a¢ 4A4(a¢ LP) t T /
A Static pointlike external source: /
Field equation for the background qb(r) T(x) = —E.6®)®), E>0
R 1
</)(‘r)— ) ()—47”2 ™ &OQ
Smooth reaI solution if ¢, = —11 OVO
(e~ Vainshtein radius (5 ~ A?k):
&
Ry =4, | — -
Quantum fluctuations (r < Ry ): R Ry
6¢p(x) = p(x) — ¢ (1)
Spz(x) = /qu 0 (x) /
— 2 Blueshifted 4
¢ (r) interaction scale: b (r R.A\3 Non-linear
Z¢ (r) ~ A2 > 1 AElue < ¢A(2) ~ (—V) > 1 regime
= [Zy > 1 : 1
No ghost when ¢, = —1! A,



https://doi.org/10.1016/0370-2693(72)90147-5
https://doi.org/10.48550/arXiv.hep-th/0404159
https://doi.org/10.48550/arXiv.2511.01739

[Dvali et al., arXiv:1010.1415]
[Nortier, arXiv:2511.01739]

Classicalization = Little Hierarchy
classicalon \/E |

Outgoing massive bosons:

2
w® =M S ISEh——
¢ R

A+ Strong coupling £, =1/A,
Resolution
q) q) limit!
To be able to define little TS gl A new hope for
— e Lt .
the theory hierarchy S5¢? the Higgs boson?!

mg+
f Credit: Berteaux, Nortier
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[Nortier, arXiv:2511.01739]

Chameleon-Vainshtein Synergy: Scalar Potential

Add potential (Z,-breaking):

Conflict with EFT

A — > : : :
o Vold)=% (% — v?)*? & Vainshtein screening! Vainshtein screening
z, 4! |§'| > A2 VEV
4
Solution: Chameleon screening (Ag ~ A, > v): Ag \ /
A (9% = v?)?
Vo () = ZA?/, tanh [ A%b
Tachyon Condensation (A =1, v/A,=0.1, Ay = A,)
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Suppressed quantum fluctuations in screening regions:
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[Nortier, arXiv:2511.01739]

Chameleon-Vainshtein Synergy: Yukawa Coupling

Y (x) Z_z) + (%),

Ly

Parities (Z,-symmetry):

Pr(x) Z—2> — Pr(x),
Yukawa coupling to a fermion:

= S Pro.p — y(dyip, + o)

() 3 — $(0)

Vainshtein screening

|'| > A2 VEV
\

Radiative corrections to ¢, mass:

Chameleon screening (Ay, ~ A,):

om?(r)

[y

Ve [ T8
- L I 11
A2 1672 <€*>

(&)
y = Yclp] = ye (%)

N

4

om*(r)
A2 16m?

No problem with radiative corrections:

7 () = JZ )

_I(r)
Full classicalization Zy(r) ~ : > 1
l V2A,A
New kinetic coupling (A, ~ A,):
- P g_( uS ) Blueshifted interaction scales:
I _<a ¢au¢> ll/))/ a#l/J AElue Aiblue
Y 212 202 8 —1/Z¢ > 1, A 1/21/) > 1

f

Chameleon screening
|B| > Ay


https://doi.org/10.48550/arXiv.2511.01739

Concerns Regarding UV/IR Mixing...

Did those guys even
notice I'm here???

That "UV/IR mixing"...
yet another flashy
BSM scenario!

Link with
gravity!

Little hierarchy
for free!

Adaptation of a “Barbenheimer” meme



[L. Keltner, A.J. Tolley, arXiv:1502.05706]

Jaffe's Classification of QFTs

Kallén-Lehmann spectral density (u = p?), UV behavior: p(u’) |

. a > =

o polynomial — — — — 2

p(u) < Ap?e™ b, Ak, >0 stricly localizable ]

quasi-local ==========- a ==

— 0 | il book QFT)- nonlocalizable 2

. R omia (e.8. te)_(t A Q ); } localizable fields; pole 1

- 0 < a < 1/2: strictly localizable fields; a<j

- a = 1/2: quasi-local fields (e.g. little string theory); o= 0
- a > 1/2: non-localizable fields (e.g. classicalization). _

l gap L~
Credit: L. Keltner, A.]J. Tolley, arXiv:1502.05706 \/ﬁ

\ SR+ 1

v Ra e g >0
o e o=t \gn ] B

Safe superluminality & Asymptotic causality:

[Babichev et al., arXiv:0708.0561]

Egtgﬁ?gf aelt a;'r’x?\?('lvz:oli %513'55149] Non-locality = Impact on positivity bounds!

[Keltner, Tolley, arXiv:1502.05706] [Tokuda, arXiv:1902.10039]

[Kaplan et al., arXiv:2406.06681] [Buoninfante et al., arXiv:2305.16422]
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Last Words...

UV/IR Mixing by Classicalization

Vainshtein screening with gauge interactions??? Higgs??? — Stay tuned!

[Berteaux, Nortier, arXiv:26XX. XXXXX]
[Ettengruber, Nortier, arXiv:26XX. XXXXX]

Little Hierarchy — Target for HL-LHC/FCC!!! @
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