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➣	Not	all	effec*ve	field	theories	can	consistently	coupled	to	gravity	

-	criteria	=>	conjectures

-	anomaly	cancella3on	is	not	sufficient	
-	consistent	ultraviolet	comple3on	can	bring	non-trivial	constraints	

Swampland Program
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HOW BIG DOES THE DETECTOR HAVE TO BE?

• The opening angle is 0.2 mrad (h ~ 9); cf. 
the moon (7 mrad). Most of the signal 
passes through 1 sheet of paper at 480 m.

• TeV dark photons (or any other new 
particles produced in p, h, K, D, B decay) 
are far more collimated than shown below, 
motivating a new, small, fast, cheap 
experiment at the LHC.
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• Space:

Vafa	'05

50 4. The Swampland Program

idea is that a low-energy e↵ective field theory might seem consistent as a stand-alone

theory, but coupling the theory to gravity may uproot its consistency. This naturally

leads to the following definitions:

Landscape/Swampland Definition: [27]

Consider the set of consistent e↵ective-field theories, where consistency is based

on EFT criteria, such as the absence of anomalies and unitarity. The subset of

these theories that can be UV-completed to a theory of Quantum Gravity(QG)

are said to belong in the landscape, while the complementary subset of theories

that do not admit such a completion form the swampland.
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Figure 4.1: Schematic Depiction of the landscape and the swampland.

4.2 Some fundamental conjectures

The Swampland Program culminates in developing an intricate set of interconnected

swampland conjectures, which are quantitative statements of conjectural nature that are

postulated only to be true for theories in the landscape. Interestingly, the conjectures

‟good”	theories	live	in	landscape		and	‟bad”	ones	live	in	swampland

	➣	 In	 theory	space	☛	 fron*er	discerning	good	theories	 from	those	downgraded	to	
	 swampland	 is	 drawn	 by	 family	 of	 conjectures	 classifying	 proper*es	 that	 theory	
must	call	for/avoid	to	enable	consistent	comple*on	into	QG

➣	Swampland	conjectures	provide		bridge	from	quantum	gravity	to	astrophysics,	
cosmology,	and	par*cle	physics

Quantum Gravity 
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supported	by	arguments	based	on	string	theory	and	black-hole	physics	
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➣	At	large	distance	in	field	space													tower	of	exponen*ally	light	states	

➣	Kaluza-Klein	tower	☛	decompac*fica*on	of	d	extra	dimensions	

➣	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
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HOW BIG DOES THE DETECTOR HAVE TO BE?

• The opening angle is 0.2 mrad (h ~ 9); cf. 
the moon (7 mrad). Most of the signal 
passes through 1 sheet of paper at 480 m.

• TeV dark photons (or any other new 
particles produced in p, h, K, D, B decay) 
are far more collimated than shown below, 
motivating a new, small, fast, cheap 
experiment at the LHC.
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12 cm
480 m

• Momentum:

• Space:Recall: EFT expectations can fail in the presence of gravity

For instance, EFT breaks down at a scale much below Mp if we have:

Small gauge couplings

Large field ranges

Approximate global symmetries

…

because of the presence of an infinite tower of 
states becoming light.

Swampland Program

� ! 1
gYM ! 0

Surprising from EFT point of view, but very natural from string 
theory perspective (linked to string dualities)

⇤ ⇠ gMp

⇤ ⇠ Mp exp(�↵��)

(WGC)

(SDC)

Asymptotic 
regimes
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Where Do We Live in String Landscape?

parameter	in	Planck	unitswith

Scalar field space

Distance Conjeture

m ⇠ e�↵�
↵ ⇠ O(1)

⇤QG = (mdM2
p )

1/(d+2)

☛ m ⇠ 1/R� = lnR

Ooguri-Vafa	'06

➣Species	scale	where	gravity	becomes	strong	☛
Dvali		'07
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Dark Dimension Proposal for Dark Energy
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Montero-Vafa-Valenzuela	’22	

Lüst-Pal*-Vafa	’19	

Higuchi	’87	

➣	AdS	distance	conjecture

unitarity	bound	

es*mate	of	1-loop	contribu*on	

Observa*ons		☛
(No	devia*ons	from	Newton’s	law																				)	

astrophysical	constraints extra	dimension
species	scale	(5d	Planck	mass)		☛

➢

➣
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➣	Extension	to	dS		☛
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Consistent	with	string	computa*ons				LAA-Antoniadis-Lüst-Lüst	'23
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R < 30 µm
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➣	Neutrino	masses	originate	in	5D	bulk	brane	interac*ons	of	the	form

H̃ = �i�2H
⇤

(evaluated	at	posi*on	of	SM	brane													in	5th-dimension	coordinate				)

into	modes	canonically	normalized	leads	to	Yukawa	3x3	matrix j

Yij =
hijp
⇡RMs

⇠ hij
Ms

Mp
Ms . ⇤QG

L � hij L̄i H̃  j(y = 0)

More Physics Implications of Dark Dimension

lepton doublets 
(localized on SM brane)

3 bulk R-neutrinos 
coupling constants

➣	Expanding
suppressed	by	square	root	of	bulk	volume

➣	Recent	analysis	of		𝜈-oscilla*on	data	with	3	bulk	neutrinos	

➣
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m & 2.5 eV
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R . 0.4µm

LAA-Antoniadis-Cunat	'23
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) � . 10�3 ^ ⇤QG ⇠ 109 GeV

➣	 Mesoscopic	 extra	 dimension	 produces	 suppression	 of	 4-dimensional	 Yukawa	
couplings	☛	yielding	naturally	light	Dirac	neutrinos
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HOW BIG DOES THE DETECTOR HAVE TO BE?

• The opening angle is 0.2 mrad (h ~ 9); cf. 
the moon (7 mrad). Most of the signal 
passes through 1 sheet of paper at 480 m.

• TeV dark photons (or any other new 
particles produced in p, h, K, D, B decay) 
are far more collimated than shown below, 
motivating a new, small, fast, cheap 
experiment at the LHC.
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Dark Energy, Gravitino, and KK Towers

➣	Gravi*no	conjecture

m̃ =
1

�3/2

✓
m3/2

Mp

◆n

Mp n > 0

Cribiori-Lüst-Scalisi		’21	
Castellano-Font-Herraez-Ibanez	’21	

➣	Combine	gravi*no	conjecture	with	dark	dimension	proposal	☛	two	possibili*es

➣	One	KK	Tower

➣	Two	KK	towers	☛	one	for		dark	energy		and	one	for	SUSY	breaking

m̃ 6= m ) m3/2 ⇠ 250 TeV

LAA-Antoniadis-Cribiori-Lust-Scalisi	’23

m̃ = m ) m3/2 ⇠ 1 eV
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• TeV dark photons (or any other new 
particles produced in p, h, K, D, B decay) 
are far more collimated than shown below, 
motivating a new, small, fast, cheap 
experiment at the LHC.

250 MeV
1 TeV

12 cm
480 m

• Momentum:

• Space:
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LAA-Antoniadis-Arkani-Hamed	to	appear.	

➣	Dark	Dimension	from	5D	infla*on
connect	weakness	of	gravity	to	size	of	observable	universe		

scale	invariant	density	fluctua3ons	from	5D	infla3on	

radion	stabiliza3on

➣	Interes*ng	possibility	☛	extra	dimension	expands	with	*me

Dark Dimension Radion stabilization and inflation

If 4d inflation occurs with fixed DD radius =>

(Higuchi bound) HI
<
⇠ m ⇠ eV => MI

<
⇠ 100 GeV

Inflation scale MI = ⇤1/4
I

'
p
MPHI

Interesting possibility: the extra dimension expands with time

R0 ⇠ 1/M⇤ to R ⇠ µm requires ⇠ 42 efolds! Anchordoqui-I.A.-Lust ’22

ds
2
5 = a

2
5(�d⌧2 + d~x2 + R

2
0 dy

2) R0 : initial size prior to inflation

=
ds

2
4

R
+ R

2
dy

2 ; ds
2
4 = a

2(�d⌧2 + d~x2) => a
2 = R

3

After 5d inflation of N = 42-efolds => 63 e-folds in 4d with a = e
3N/2
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HOW BIG DOES THE DETECTOR HAVE TO BE?

• The opening angle is 0.2 mrad (h ~ 9); cf. 
the moon (7 mrad). Most of the signal 
passes through 1 sheet of paper at 480 m.

• TeV dark photons (or any other new 
particles produced in p, h, K, D, B decay) 
are far more collimated than shown below, 
motivating a new, small, fast, cheap 
experiment at the LHC.

250 MeV
1 TeV

12 cm
480 m

• Momentum:

• Space:



14 June 2021 Feng 16

HOW BIG DOES THE DETECTOR HAVE TO BE?

• The opening angle is 0.2 mrad (h ~ 9); cf. 
the moon (7 mrad). Most of the signal 
passes through 1 sheet of paper at 480 m.

• TeV dark photons (or any other new 
particles produced in p, h, K, D, B decay) 
are far more collimated than shown below, 
motivating a new, small, fast, cheap 
experiment at the LHC.

250 MeV
1 TeV

12 cm
480 m

• Momentum:

• Space:
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and		dimensionless	coupling	constant	with	visible	mamer	is
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➢	Modulino	mass	is	generated	by	SUSY	breaking	as	the	coupling						
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☛

Neutrino-Modulino Mixing

LAA-Antoniadis-Benakli-Cunat-	Lüst	‘23

➢	Modulino						☛	fermionic	partner	of	radion

➢			mixing	with		ac*ve	SM	neutrinos	involves	the	electroweak	symmetry	breaking
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analog	to	3	+	1	scheme
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HOW BIG DOES THE DETECTOR HAVE TO BE?

• The opening angle is 0.2 mrad (h ~ 9); cf. 
the moon (7 mrad). Most of the signal 
passes through 1 sheet of paper at 480 m.

• TeV dark photons (or any other new 
particles produced in p, h, K, D, B decay) 
are far more collimated than shown below, 
motivating a new, small, fast, cheap 
experiment at the LHC.

250 MeV
1 TeV

12 cm
480 m

• Momentum:

• Space:
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Jonathan Gall, FPF WorkshopFPF: NEW SHAFT AND CAVERN

• Many advantages
– Construction access far easier
– Access possible during LHC operations
– Size and length of cavern more flexible
– Designed around needs of the experiments

Design by Liam Dougherty (EN-ACE-INT)

FASER

FASER⌫

FLArE
FORMOSA

AdvSND

14 June 2021 Feng 42

Jonathan Gall, FPF WorkshopFPF: NEW SHAFT AND CAVERN

• Many advantages
– Construction access far easier
– Access possible during LHC operations
– Size and length of cavern more flexible
– Designed around needs of the experiments

Design by Liam Dougherty (EN-ACE-INT)

FLArE
FORMOSA

AdvSND

FASER2

FASER⌫2

A. Di Crescenzo 
CERN, Università Federico II and INFN

ADVANCED SND@LHC

Dark	photons
FASER

Neutrino!

620 m

200 m rock
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Neutrino-Modulino Oscillations

➢	FLArE	sensi*ve	to	neutrino	square	mass	difference	sa*sfying	
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➢	Survival	probability	☛ 3	+	1	scheme
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Kling-Trojanowski-Makela	to	appearStudy	of	FPF	sensi*vity	to											is	underway	☛
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|Ue4|2 = 0.1
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<latexit sha1_base64="TJ1MdjSuc9+M25uaLyuZ6OPPheg=">AAACCnicbVA9SwNBEN3zM8avU0ub1SBYhbuQqI0Q1MIygvmA5Ax7m0myZPfu2N0TwhFbG/+KjYUitv4CO/+Nm+QKTXww8Hhvhpl5fsSZ0o7zbS0sLi2vrGbWsusbm1vb9s5uTYWxpFClIQ9lwycKOAugqpnm0IgkEOFzqPuDy7FfvwepWBjc6mEEniC9gHUZJdpIbfugdQVcEyzaSdEd3RXwOS6UHOchaUmBoWaUtp1z8s4EeJ64KcmhFJW2/dXqhDQWEGjKiVJN14m0lxCpGeUwyrZiBRGhA9KDpqEBEaC8ZPLKCB8ZpYO7oTQVaDxRf08kRCg1FL7pFET31aw3Fv/zmrHunnkJC6JYQ0Cni7oxxzrE41xwh0mgmg8NIVQycyumfSIJ1Sa9rAnBnX15ntQKefckX7op5soXaRwZtI8O0TFy0Skqo2tUQVVE0SN6Rq/ozXqyXqx362PaumClM3voD6zPH+DLmH4=</latexit>

�m2
41 = 2500 eV2



Take Home Message

➢	This highlights complementarity between ATLAS/CMS and FPF experiments             
 in exploring the SUSY parameter space 

➢	FPF experiments will be able to probe models with high scale SUSY breaking 
by searching for neutrino-modulino oscillations 
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