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¢ Guiding principles to construct BSM models (dark matter candidates, etc.)

¢ New insights to solve naturalness issues in our universe
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[Ooguri-Vafa’06]
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here is an infinite tower of states becoming
exponentially light at large field distances
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Given an abelian gauge field, there must
exist an electrically charged state with

=1

[Arkani-Hamed et al’06]
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Relevant questions for phenomenology

€ A lot of evidence for the WGC and SDC in theories
with extended supersymmetry

What happens for lower supersymmetry, i.e. N=1 or N=0?

¢ Several undetermined O(I) factors in the conjectures.

m ~ moe” "¢ A~ 0(1) QO O
m ~ m

’VV’ > cV O~ O(l) extremal

~ O(1)

Can we be precise about their values?



Outline:

(I) Distance Conjecture in 4d N=1 EFTs

* Tower of states coming from BPS strings

Derivation of SDC from WGLC

* Distance Conjecture in the presence of a potential

(2) Asymptotic behaviour of the potential 4d N=I| EFTs

Relation between dS conjecture and WGC

(2) Sharpening O(1) factors in terms of WGC and geometry



(1) Distance conjecture in 4d N=1| EFTs

Tower of states from BPS strings



Summary of the overall picture

M2 _
4D N=| EFT: s:/(fR_MI%KQqusM*dgbﬁ_v)

At large field distances: an approximate axionic shift symmetry emerges
. dualize

¢z’ — ’1:87; —+ CLi (Siv az) — (lu BQZ)
saxion <./ k) axion I = _% gK 6/ \.7 2-form gauge field
S'L

A weakly coupled axionic string becomes tensionless as s* — oc

‘ (charged under Bz )
string

If the string satisfies the WGC:
A2 = Tmaaz S TO €eXP (_’ydmaaz)

max

We derive the SDC!



BPS Strings

We add BPS charged objects: —/dp+1§T(¢)\/—h + e/BpH

1 0°K

| . —
Strings = T, = Mgle'l,|, Qe = Mp \/Gij@zej with Gij = 5555

| 0T 5t H2 = M}%QZ (no force condition)

I —————

Strong back-reaction due to low codimension of the string:

d32 — —dt2 + dg;'Q + eQDdde [Greene,Saphere,Vafa,Yau’90] L
string

The string induces a flow of the scalars ¢* = is® + a’

(r) +61 r _|_619 0
s(r) =s — log — a=a —
! 27T g?“() i . 27T r=20

Saxions are driven to infinite distance at the string core!




BPS Strings

. . 1 dK 1
String tension: — M? , S
& I'(r) = M, el(r) tr) 2 ds > 25(r)
K = —Llogs
RG flow: T(A) _ e |
e M2 250 + < log(Aro) Also: @ ~ 5 U
A —
string As A =0 (r—o00): T(A) - 0
EFT breaks down at Asirong = AeXP(—;](\ip))
6
r =20

[Polchinski’ 14]

String Backreaction <= RG flow <= trajectory in field space

e S




BPS Strings

1dK 1
String tension: = M, , = =5 =
ring tension: T(r) = Myel(r) » {r)=—5— 5 2500
K = —Llogs
RG flow: T(A) _ . 1
o ME T 250+ Slog(Aro) Aot @5 =0
rA =
string As A — oo (r—=0): T(A) =0, s(ra) = o0
EFT breaks down at A, .. = T(Ama,ac)l/z
6 \ /
r =20

r
T'A

[Polchinski’ 14]

String Backreaction 4= RG flow <= trajectory in field space

e S




DASC

Weakly coupled axionic strings = Infinite field distance limits

T —




DASC

Weakly coupled axionic strings €= Infinite field distance limits

e e e

Distant Axionic String Conjecture (DASC):

All infinite distance limits of a 4d EFT can be realised as an RG flow
endpoint of a fundamental axionic string

Evidence from String theory: [Lanza, Marchesano, Martucci, IV'to appear]

Higher dimensional spaces: only a subset of BPS strings are weakly coupled
C&'' ={e e Nz|(m,e) >0Vm € C;} C Cs
instanton charges (J k) string charges

If ec€ CEFT —> weakly coupled string : tensionless at infinite distance

If ec CS — CEFT > strongly coupled string : tensionless at finite distance




Derivation of SDC

For a given A, the moduli space
accessible by the EFT is finite since it
breaks down when My

A2 =T (Amaz)

max

. . 1
Field distance from 70 to Tmazx — Amax

o ik

maz 1 o 1 1 1o

o)do = — —dI' < log

maac
/ ) M Trax Q Tmaz
field _ gau ge i \

metric  coupling RG flow + no-force .,  dT s WGC

Gij = %@%‘K condtion: 1o QMp >~T

Max cut-off A% = Traee < Toexp (—Ydmaz) SDC!

max

R —————————ee e ————

WGC for strings =§» SDC with A = v/2



(1) Distance conjecture in 4d N=1| EFTs

Axionic trajectories



SDC in axion monodromy

. . 1 M singular locus
Distance Conjecture: As S 3 log (Tp) 5 — 00

Upper bound for purely saxionic trajectories
but what about turning (axionic) trajectories?

SDC expected to apply to nearly flat trajectories

\

T~

\

=P |t constraints the effective potentials consistent with quantum gravity



Evidence in string theory

We find: The asymptotic form of the flux potential in Calabi-Yau string
compactifications behaves as an homogeneous function at large field:

[Grimm,Li,IV’19]
( . . . )
(/ (/ ~ i 3 7)
V(B8s", po") = YV (s', ¢") with K a flux-independent
08,V =0— s' = kd* + ... parameter.
- J

This backreacts on the kinetic term for the axion: [Baume,Pale’16] {1V 1€]

— 2 2 1 M
LD o2 (aQb) %ngQ (a¢) * A¢ S E log Tp

e e

Hence, the SDC also constraints axionic trajectories!

Open guestion: is this a general feature beyond CY’s?



(2) Asymptotic behaviour of the potential in N=1 4d



Asymptotic de Sitter conjecture

When the tower becomes light, it induces a runaway for the scalar potential
[Ooguri,Palti,Shiu,Vafa ’ | 8]

VA

Dine-Seiberg problem for every scalar

(every direction in field space)

(asymptotic)
. [Obied,Ooguri,Spodyneik,Vafa’ | 8]
deSitter conjecture: |[VV|>cV  with ¢~ O(1)  [0oguriPattishiuvafa 18]

at any asymptotic field space limit (at large field)



No-go’s for dS in string theory

Test the conjecture in string theory:

Consistent with known no-go’s for classical vacua in Type IIA

[Hertzberg, Kachru, Taylor, Tegmark '08] [Wrase,Junghans,... ’19]
[Flauger,Paban,Robbin,Vrase '09] [Andriot et al ’19-20]

[Wrase, Zagermann ’10] ...

* We analyse asymptotic structure of flux-induced potential
for F-theory on ('Y,

Why?

No-go theorem: [Grimm,LiIV'I9]

There is no dS vacua at parametric control near any two large field limit
of a ('Y, in the strict asymptotic approx if V' — 0 at the large field limit

(generalizes previous no-go’s by going beyond the string weak coupling limit)



Dual formulation in terms of 3-forms

The flux-induced scalar potential can be written in terms of field
strengths of 3-form gauge fields

1

1
V = §T“bfafb —> 8> —/§TabF§*Fj

Constraints on the scalar potential can be translated to properties
of BPS membranes charged under the 3-form gauge fields

Membranes = T, = 2M; 3 |g, 1% , Qq = Mp\/T%q,q, = /2V (q)

3
10T w||? — =TZ2 = MpQ?2  no-force condition «

2 /
e (||[DW]]? —3W?2) =V (q) N= sugra ¢

(see also [Herraez20])



Membranes and no-dS

Satisfying WGC is a non-trivial constraint on K and WV:

f 0uTq=KoooaTy "™ Qun(AN)M, =~T,(A)

227%0' — —

extremal with v = a_ _

NJICJJ

(4
N scalar contribution Ty ~ e ¢

These extremal membranes satisfy H(")’Q,,an = c Q,,Qn

= H@VQH = ¢ V? with ¢=|a dS conjecture!

e ———

WGC-saturating membranes = dS conejecture



(3) Sharpening the order one factors



In terms of extremality factors

-
Recall, WGC:

3 p-dim state with QM, > ~T and ~

, _ Q p(2 — p)
T

extr.

\_

* SDC tower coming from BPS string in N=1 4d:
)\ _ /y L ‘Oé8|

m ~ moe ~¢ i

2 4

* Flux induces N=1I potential dual to the charge of a BPS membrane:

VV| > cV D = |a,]

I* membrane is extremal

* SDC tower coming from BPS particles in N=2 4d: [Gendler, V' 20]

m ~ moe 29 = )= \a_2p|



In terms of geometric data

( )
Recall, WGC:

3 p-dim state with QM, >~T and ~° =
\_ ' )

* Flux induces N=1I potential dual to the charge of a BPS membrane:

) 2
VV|>cV W c=|an > = Vml” [ IVV]
n’i m2 V
if membrane is extremal (see also [Andriot et al’20])

* SDC tower coming from BPS particles in N=2 4d: [Gendler, V' 20]

1
m ~ moe” 29 = ) = \a_p|

2 o \/277/7;

V




summary

+® Swampland conjectures get connected by the physics of strings and
membranes in 4d N=1| EFT’s (their charges parametrise the axionic
kinetic terms and scalar potential).

* Infinite distance limits realised as RG flow endpoints of strings

WGC for strings * SDC

* Potential parametrised by charge of BPS membranes

WGC-saturating membranes wip No dS

-® O(I) factors in the conjectures are fixed by:

* Extremality factors of charged objects

* Discrete data characterising the asymptotic geometry
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back-up slides



Dual formulation in terms of 2,3-forms

M2 o
4D N=| EFT: S = / <TPR — M2K,5dé® A d’ — v)

i

(Si, ai) — (l,“ BQZ)

v
—E/Gij (Mgdé-A*dz- - Hs; A xHs ) —/lTbF“*sz
1 N ) 7 ao- a
2 7 M2 2
1 0°K 1, b
Gij = 5377 V==-T"f,
77 2051057 2 JaJt

Field metric = 2-form gauge couplings Potential = 3-form gauge couplings



Implications for Inflation

SDC:
M 1 2
Ap < —lo * A log —Z = —lo
¢ )‘g< > qb_)\gH Nt T2 A7
e amammmmaeaaana
H <A
Opposite scaling than Lyth bound!
 Apee oL [Scalisi,IV’ 18]
Ag
20._ E Plancik L )\ — 1
15:_ r < 0.064 E . . .
| ; Large field inflation is not
10;\ E ruled out but constrained




Evidence in String Theory

Great progress in EFTs with 8 supercharges!

We get an universal bound for SDC factor in CY string compactifications:
(using limiting mixed hodge structures) m ~~ m()e_)‘Aqb

We find: A is related to the properties of a discrete infinite symmetry
generating the tower of BPS states

V;M
e :

A\ = N>
~ V6

Ui| =

9~
S

unit vector along geodesic For CY3: d=1,2,3
A4

d = integer associated to discrete symmetry

(it characterises the type of asymptotic limit)
 One field [Grimm,Palti, IV’18]

e Multi-field [Gendler, IV’ 20]



