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Introduction and outline

Connect String Theory (ST) to eEXpertment: an DXYWMOroN?

[“Is String Phenomenology an Oxymoron ?” Quevedo 16 ] [Answer: No!]

This talk: study constraints from Ads/CFT

(AntL de Sitter /Conformal Field Theory correspondence)

A0S/ CFT

4d Lagrangians Putative o

derived from ST CFT dual



From String Theory to reality

Compactify 10 d string theory (LA/IB) ow CalabL Yaw's

l Kaluza-Klein

/M\/

Size and shape of the extra dimensions (ncluding tnternal cycles)
parawmetrised by

BAaSLC requlremewts:

os? Hard! Most constructions through AdS

AlL stabilised

Scale sepa ratlown



In pra ctice

10/11 d String Theory

il

10/11 A SM.‘PBV@VDI\/L’C& + gs, @' corrections
| Many suwecessive steps

Compactify to 4d  Insert NP effects 2 of approxtmation, not
$ always unoer control

Integrate out heavy moduli

“reallstie” vacuum

[Vafa 05, Ooguri Vafa ’07, See Palti ’18 for a comprehensive review |



The swampland (1)

Quantum Gravity
(String Theory)

Consistent with
Quantum Gravity
Not consistent with
Quantum Gravity Theory space

Figure taken from [van Beest,Calderon-Infante,Mirfendereski,Valenzuela ’21]




The swawqataml (1)

No global symwm. § Completeness
xS W0 b o

connectLons

weak gm\/i’cg 4P Ditavwe

Rigorous

Festina Lente No nown Susy AdsS

AxLons,  Neutrinos No de Sitter
dark photons

Useful T

Figure Heavily based on Hiroshi Ooguri’s lectures at the CERN 2019 Winter School



Swampla nwd ano AdsS/CFT

No global symmretries n RG Weak Gravity Cowjecture
[Harlow,Ooguri ’18] [Nakayama,Nomura '15]
[Harlow,Ooguri ’19] Montero’19]

[Aharony,Palti ’21] [Palti,Sharon ’22]
bistance Co V\d ectuere + many others (see Palti for a review)

[Perlmutter,Rastelli,Vafa,Valenzuela ’20]
[Baume, Calderon ’20]

Not much work ow specific realisations -

ownly very generic properties for realistic vacua

TYpe WA DGKT Type B KKLT/LVS

[Aharony,Antebi,Berkooz '08] [de Alwis,Gupta,Quevedo,Valandro ’15]

We focus on precise properties of a low energy subsector



AdS/CFT - Lin pia’cu.res

anti-de Sitter space

conformal
boundary




Cownformal Field Theories

“Scale tnwvartant” RFT o

. )‘%

[Loosely speaking...]

B — ) ~O(x)
Fully determined by set of 2 and 3-point correlators
ALL dynamics encoded tn

Oz 1Oy : Aj, Cijik
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AdS/CFT primer

com:jectured equivalence between ST (@) on (asy mptotie) Ads
spacetime tn d+1 dim and Conformal Fielad Theories (CFT) tn d dim

AdS correlator CFT correlator
Dlcetlonaruy
AdS C¥T
Fleld © Operator (O
Mass m DLMENSLON

A=l =

d
Radgs .
gs A — g N




The holographic Swampland

AOS/CHT:
40 modullt EFT Lt AdS Putative 2d CFT dual
Fields @, . - A(A -3

Does the CFT interpretation offer a new perspective?
[Conlon, Ning, FR '21]
[Apers,Conlon,Ning,FR '22]

[Conlon, Quevedo '18] [Conlon, FR ’20]

cawn one relate Swampland constratnts on
AdS to CFT consistency condition ?

[Balasubramanian,Berglund,Conlon,Quevedo '05]
[Conlon,Quevedo,Suruliz ’05]



swampland § scale separation

Scale sepamtiow -+ A(A g d) = WQRids

Holographic interpret: wo Large gap around A ~ O(1)

Taoke Quantum Gravity on AdS,, with a cosmological
constant A. A tower of states with masses 3 M]%

2
m ~ |A|* a > 0. 445

should appear in the limit where A — 0.

[Lust, Palti,Vafa '19]

Strong form (SUSY): no scale separation



In pra ctice

10/11 d String Theory

il

10/11 A SM.‘PBV@VDI\/L’C& + gs, @' corrections
| Many suwecessive steps

Compactify to 4d  Insert NP effects 2 of approxtmation, not
$ always unoer control

Integrate out heavy moduli

“reallstie” vacuum

[Vafa 05, Ooguri Vafa ’07, See Palti ’18 for a comprehensive review |



Flux compactifieations (1)

Bosonie spectrum of type ILA/IB:

® dilaton - sets striwg coupling

Guv metrie/graviton universal

B,uu Hs =dB>; Kalb -Ramond

S A Am’ _,p F dA (’)[M e

P1yeopp]

]3 fo rms bm Nes

TYpe A Fo, F2, Iy, Fe DO, D2, D4, D6

Tgpﬂ“g Fl,Fg,F5 D17D37D5



Flux compactifications (I1)

[Free action ] [Matter coupling] [Quantization condition]

1
/—QFp A *F, —I—/ Ap 1 / by =2mn
) (p—2)—brane o |

P $

fluxes threading the extra dimensions
generate potentials for the moouli

— 5 - = = - G= = . - o ~ i — e 5 S e e gy = ~ = =

T05 Bd ‘PLCU [Landscape, String Naturalness and Multiverse Hebecker '21]

1
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TYype UA modull stabilisation

DR T: owly scale separated example tn 4d

TYpe (A oriew’cifoLd with fLM.)(eS [Grimm, Louis ’05]

E)(‘PLLOL’C exa VWPLC with T6 / Zg [ De Wolfe, Giryavets, Kachru, Taylor’05]

’ U ) TR
No complex structure moauly; is @ V = Kv1v203

2 Kihler ( § axtons) + axtodilaton

bi)X

Turning on Fy, stabilises all modult
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A first surprise

ALL modult acquire wuntversal and tnteger conformal dimensions
[Conlon, Ning, FR '21]

SUSY

Al — Ak A2’3,4 - 5 sgn(moeiezes) > 0

non SUSY
A = lor] A2,3,4 =3 sgn(moe;ezes) <0 A(A - d) o mQRzQAde

No dependence on fluxes or other parameters

Dual CFT at very specific points of parameter space,
and tnodependent of compactification details!




The surprise cONELAILES

for many different toroidal orbifolds
[Apers, Montero, Van Riet, Wrase ’22]

Cownstder a generic CY:
htt ahler moduli and B! Complex Structure Moolult

[Apers,Conlon,Ning,FR ’22]

A =11 Az...hlﬂ = ) Same '{:Or
all SUSY vacua

A o

Extension to non-SUSY vacua [Quirant '22]



A short proof (techwnical...)

[Apers,Conlon,Ning,FR ’22]

Ckin = K@QLT@@“’T; N=1 SUGRA
KW
i - rom dimenstonal
V=e¢"| ) KD i
t: b=

reduction

[Grimm,Louis '05,+...]
[De Wolfe, Giryavets, Kachru, Taylor’'05]

3M2

2
RAdS

D)W =0 Dglw — (IF Vo =

% R2 80, ab Vmin .
MepLtags ™ Vi -
min

[See also Marchesano, Quirant ’19 + related work]

| only ingredients: no-scale relations for K and explicit form of W }
Kl 3 B
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Cownclusions and outlook
CFT technicjues provatstvgitooBtoradaress AdS stringy EFTs

swamplano ‘Properties related to CFT conditions

universal, tnteger dimenstons for type LA (DGKT), for any CY

Opew questiows

Integers very surprising - begging for an explanation
Swmells like N=2 SUSY'... but no 100 pieture
Related to scale separation? [Suggestive that scale separateot

vacua may be dual to sPecLaL CFTs ]

Long term goal: Lnvert the relatlonship to “navigate” the sSwampland









Holographic CFTs

qravity dual is weakly coupled and amenable to perturbative analysts
WEEN SN

Expansion tn large - parawmeter or equivalent

Large gap Lw the Spectrum Agap 1

Emmmmmem L R

Single trace primaries Oy, O, Dimenston Aq, Ay 3'

{ ;
OoPE: Oi1 x G D IO O [0102],,%[

e 2 z e =

- Double trace operators: 010, 9o 0. 5 O

n,

iA:Al—I—AQ—FQn—I—K
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The bootstrap

conformal blocks

!
Ga ¢(u,v)

274 ‘51334|2A2

<@1 (5131) Oq (mz) Os ($3) O» (164)} = Z 01101022(9 ‘ |
O L12

1 OPE Lent
Bootstrap Equation: coeffictents

u®( 1+ )  ch (A IS o ,G s o(u, v)
AL A/

No constraints from crossing symmetry alone

/Heemskerk,Penedc;;\

. Polchinski,Sully '05] e > .
Solution to bootstrap uartie (dertvative)
equations vertiees




CFT posttivity bouwnds
Mintmal twist operators dominate Lorentzian OPE ow the Light cone
b T = /N

g ;\ (0, £) for Loentical operators
63 14 1 62 14 1 B ;

 la— 4, — O £ for 0> 0,
7 =9

om o g ion o Py

Awnalytical bootstrap [Komargodski, Zhiboedov ’12]
tnversion formula [Caron-Huot ’17] + [Costa, Hansen, Penedones ’17]

_

e S e e e e TRIEEa o e e Biiaaingdlh bt i A _“ﬂh-ﬂ,)

B e R SRS e o

(c:a usaLL’cg arguments

| in the CFT: |
7 ?

| 7(0,2) <0

| [Hartman, Jain, Kundu ’16] t

ik i - . '”}

1

Geweralization of flat [Adams,Arkani-Hamed,Dubovsky,
space S-matrix bounods  Nicolis,Rattazzi '06]



The Large Volume Scenarto (1)

Motivating scenarto: Low energy dywamies of modull tn ST

Type (B flux compactification, with all moduli stabilised
at an

| V=V " ( ; ) | aa i \/glnv ;‘
MP 3 s

Ads vacuum: canonically normalised

volume modulus

- 3 A
Vel ST \/;RAdS

[Balasubramanian,Berglund,Conlon,Quevedo '05]

[Conlon,Quevedo,Suruliz ’05]



The Large Volume Scenarlo (2)

“Blg” and “small” Kihler modult Ty, T

v 1 ( 5)/2 3/2)

| L ((Ty+ T 2 F T \ 2 :
| K = — 210 (= - |
. K 2 D 92/2 :

W = Wa Ase_a’sTS ,

o2 corrvection

Mintmum for an

’ Veff o ﬁ (A(ln V)S/Q | 93/2) <7-s> ~

& ;_, e o ;
Ys




LVS E-(Zfeotwe L.agm W@Wlw

_ ALL Lwtemctwws ﬁxed Ln term of R AdS ong— ’
{ uniguely determined theory tw large P Limit

SMznu /00 \" 1
N e i  ——— 1 L e
Foar = <Mp> < +O<A<<I>>>)

g TR 5% \" 2
s = g s m
L:((SCI))”— aa ( 3) 2(71 e 2)' <Mp> (%aﬁ a

Sign ﬂip L axLown kinetie term

[,D—e Vi 9, 00%a

Dlvergent f, as ¥V — 0o

what laappews to the CFT1?




Holographic reformulation of LVS

40 modull EFT Ln AdS Putative =2d cFT dual

SIERR? . — A(A - 3)

my << Mg/2 as V — 00

H/_/

Swall number of Low Lying operators:

[Conlon,Quevedo 18]



LVS at funtte Volume

At small volumes, Ay can tn principle drop below €

A:3<1+2m> (1_\@<;)> O(@))




RKIOT

well knowwn example of - we constder it before uplifting

_ . L Kachru,Kallosh,
K 5 lOg(—Z(T oy T)) W =Wy + Ae : I[_inadCe,EI'L;iveadio’?)S]

SUSY vacuum
Wo Lo J a1
7 — (1‘|"§CLO'C) L
Potential for a * N, 0 %
qualitatively
3 7 '
L Do ,0a 00 0¢ different

Negative anomalous dimensions iw its regime of validity

X — [aac(aac + 2)(2a0. + 3)

+2A,(a0e) — 2A2(a0e) + 44, (aoe) — 6]



