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Swampland Progranm:

> Not all effective field theories can consistently coupled to gravity
- anomaly cancellation is not sufficient
- consistent ultraviolet completion can bring non-trivial constraints
*good” theories live in landscape and “bad” ones live in swampland
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> |In theory space m frontier discerning good theories from those downgraded to
swampland is drawn by family of conjectures classifying properties that theory
must call for/avoid to enable consistent completion into QG

- criteria => conjectures
supported by arguments based on string theory and black-hole physics

> Swampland conjectures provide bridge from quantum gravity to astrophysics,
cosmology, and particle physics
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Where Do We Live in String Landscape?

> At large distance in field space ¢ = tower of exponentially light states
m ~ e~ ¢ with o ~ O(1) parameter in Planck units Ooguri-Vafa '06
> Kaluza-Klein tower m= decompactification of d extra dimensions
d=InR w m~1/R

> Species scale where gravity becomes strong m AqQa = (mdMg)l/(dH)

 lar fald <mmra Dvali '07
' Scalar field space

' Asymptotic |

. regimes |

> Smallness of some physical parameters might signal
a large distance corner in the string landscape of vacua

> Such parameters can be = scales of dark energy and neutrino masses



Dark Dimension Propoesal for Dark Energy
> AdS distance conjecture ¢ = — In |A] Liist-Palti-Vafa 19
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> Extension to dS m~ (W) M,=1/4<a<1/2
p

Montero-Vafa-Valenzuela ’22

> a < 1/2 unitarity bound mZ,, >2H? ~ A Higuchi’s7

spin—2

> a > 1/4 estimate of 1-loop contribution A2 m*

Observations m

A~ 10_120M;,]‘ (No deviations from Newton’s law R < 30 um) — o — 1/4_

Consistent with string computations LAA-Antoniadis-Liist-Liist '23 ?

astrophysical constraints — J — ] extra dimension

= species scale (5d Planck mass) m A ~ ml/leg/3 ~ 10° GeV
1074 < A<1072



M e Phvsics lmmplications of DDark MDimensien

Z NeUutrino masses originate in Sv PDUIK prane interactions Oor tne 1orm

lepton doublets — oo H*
(localized on SM brane) ‘ /
LD hz’j Lz \ ( O)
g
coupling constants

3 bulk R-neutrinos
(evaluated at position of SM brane y = 0 in 5th-dimension coordinate y)

> Expanding \Ifj into modes canonically normalized leads to Yukawa 3x3 matrix

suppressed by square root of bulk volume
V.. — hi ~ B M, M, <

1] /—WRMS 1] Mp ~

> Mesoscopic extra dimension produces suppression of 4-dimensional Yukawa

couplings m yielding naturally light Dirac neutrinos
> Recent analysis of v-oscillation data with 3 bulk neutrinos =

m >25eV \ R<S04pum = X<107° A Agg ~ 107 GeV
Forero-Giunti-Ternes-Tyagi '22
Bound can be relaxed in presence of bulk VR -neutrino masses
LAA-Antoniadis-Cunat '23



> Gravitino conjecture Cribiori-LUst-Scalisi '21
Castellano-Font-Herraez-lbanez '21
1 m "
~ 3/2
o= —— ( / ) M, n >0
)\3/2 M,

> Combine gravitino conjecture with dark dimension proposal m two possibilities

> One KK Tower

m=m = mzs ~1eV

> Two KK towers = one for dark energy and one for SUSY breaking

ﬁl#mimg/gNQE)O TeV

LAA-Antoniadis-Cribiori-Lust-Scalisi ‘23



> |nteresting possibility m extra dimension expands with time

Ro ~1/Msto R~ um requires ~ 42 e-folds! LAA-Antoniadis-Lust '22

dst = az(—d1°+ dx° + R: dy?) Ry we initial size prior to inflation

d 2
- ;4 CR2dy? ; ds? = a2(—dr2+dx?) = &%= RS

After 5d inflation of N = 42 e-folds = 63 e-foldsin 4d witha = e3N/2

> Dark Dimension from 5D inflation

LAA-Antoniadis-Arkani-Hamed to appear.
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Neuntrino-Modulinoe Mixing

> Modulino S = fermionic partner of radion

> Simple construct m relevant light scale for SM singlets is 7713 /2

ms/2
M,

and dimensionless coupling constant with visible matteris \; = «;

> Modulino mass is generated by SUSY breaking as the coupling \;

2
ULEYD:

Mp
ms/o ~ 200 TeV. N [~ 2 = my ~ 50 eV

but @ 2nd orderin 713/2 = M4~

> S mixing with active SM neutrinos involves the electroweak symmetry breaking

> Simplest effective operator \; L;SH = Mys ~ ms/o <H>/Mp < My

analog to 3 + 1 scheme
LAA-Antoniadis-Benakli-Cunat- List ‘23



Forward Physics Facility
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> Survival probability m 3 + 1 scheme

P(vg — va) =1 — 4| Uqga|?(1 = |Uga|?) sin

. . . o 2
> FLArE sensitive to neutrino square mass difference satisfying Amy L w

5 Am?HL
41F

A 2

for L ~620m A E ~ TeV = Am?, ~ 2500 eV?

# of neutrino interactions [1/bin]

I
= =

Ve + Ve interactions at FLARE

104 - 10%/13/%/‘5 yﬁﬁ//fy

Am?2, = 2500 eV
Uey]? = 0.1

' BSM physics

sterile neutrino
oscillations

baseline

: incl. statistical
e, uncertainties

BT

10
neutrino energy [GeV]

Study of FPF sensitivity to Uqa is underway me Kling-Trojanowski-Makela to appear
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»

ts complementarity between ATLIAS/CMS amnd FPF experi







