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1. Landscape & Swampland



String Theory Landscape (cf. I\MMkEAD k—72)
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String Theory Landscape
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A. NO!



no global symmetry in string theory
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global vs gauge in the BH context

C 0 desnedlux

global symmetry
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gauge symmetry
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no global symmetry in EFE

BH — BH — L
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Swampland program

boundaries! IS

- Landscape & Swampland DIRRZ RO DFHEFR@IH? ?

- TOWRRAOIFRBE? ? (EFENNORRHBIFHNO 1)

.



B~ W N

R

. Landscape & Swampland v
. EDEKSRBZIB->TLSDD
. S-matrix bootstrap

. FKEHEEE




2. EOXSBYIBZIH>TWLSH




[I
ay

no global symmetry in £FE

SFENCHIFDETRE -
f \
# option 1: 7 —IXIFN4E
BN TFIFEOTHRVVMEEERER ¢ # 0 TU—INFEBEER
X g =0 FZL - TS TRIEBVDHN? ? ?
- Y
&

p
# option 2: 3T{BY7R LIBXT FRI4E
EIRILF—TXHRED emergent 2D(E OK (ERICEKLS HB)
B3 UV scale THEHFRMEIL explicit [CIENTULNBN U,

. SIFEDBNDRT—ILIEEZHN? ? 7 )

CHDEORBEENFELSZBVWEIRRFEICIIEZ /R !



Swampland Program (&
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Tensor-to-scalar ratio (7¢.002)

0.05

0.20

0.15

0.10

0.00

A
\l
\J
i
\/I
L
\l

(1)

0.94

A ~ 15v/2rMp,

TT,TE,EE+lowE+lensing

TT,TE,EE+lowE+lensing
+BK14

TT,TE,EE4lowE+lensing
+BK14+BAO

Natural inflation
Hilltop quartic model
« attractors
Power-law inflation
R? inflation

V o ¢?

V o /3

V x ¢

V o ¢?/3

Low scale SB SUSY
N,=50

N,=60

0.96 F oY
Primordial til

0.98

S 1~ 0.003, Ag ~ 1 X My,

LiteBIRD %5 —4 v ~

LiteBIRDBEIZ (X))
(C) JAXAFERIZHFFN




A4YV22L—Y3Y (2)

-

\.

Q. ES5WLWS U SRD large field inflation A¢ > Mp, HEIRalgeh ?

Q. tensor-to-scalar ratio ([CXd I 2= FE NG EIRISFEIT DDH?

j

ex. POIAVAYIL—r3V([CXHd B Weak Gravity Conjecture DF =S

o

V(e)
BlEENdRTYIvIL: L¢

2rf 2 Mp
HFENBdRTVIUvIL:

NN

MT VY v )LICINSEEE — CMB power spectrum (C/NS7RHRE) !



IBEEME (1)

HF—II5—DEE [GeV/]
1040 10-30 |0-20 [Q-10 Q0 [Q!0 Q20 Q30 [Q% [Q50 |Q60 |(Q70

Y

3R] YN ) = S Vo f E
RACRESE Lo ghis () EAYE - BRNFRE AR AL

WD THERR

(5 THERR

FWER (Y—O95—) ODR—LR=I KD

|

&H>5EPEL (Fuzzy DM)

¥ (XEFL2TICHE  BERENFEDBGERND o5 »/hAE L)

4 A
BiR: ROVIT SV REHZEEOTEFENTHND/INSXA Y ZEFERD |
\. y

imh




BEVE (2)

ex 1. ultra light axion DM vs Weak Gravity Conjecture
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3. S-matrix bootstrap
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Higgs exchange diagram: ;.
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gravitational Standard Model vs Positivity Bounds
[Aoki-Loc-TN-Tokuda '21]



Gravitational Standard Model
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Positivity Bounds

#yy — yr scattering D& © M = Mopr + Mg + OMy"
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# Positivity Bounds : EJ Q;:T - > — Mp(s, 1)
TIA S 6(s2)

- cutoff scale A ZEDAEL

- BARIECE>TWVS
- FIZ (X QED Tl& [Alberte-de Rham-Jaitly-Tolley 20, see also Aoki-Loc-

64a” ( A 220
ln———> > = A < +JemM, ~ 10° GeV.
A4 m. 4 45xmZM3,

% Weak Gravity Conjecture A S eMp & D H@VEH

-Tokuda '21]




Cutoff scale of gravitational SM

10-4 Boep(A) + Byy(A) ~ A4 _f
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gravitational positivity:

— this defines the cutoff of the gravitational SM A ~ 3 x 10'° GeV.




A remark on EW theory w/o QCD

10-4@ Boep(A) 4 Byy(A) ~ A™ _f
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T C e e, . My 720 m,
gravitational positivity implies: B, (A) > — Bgr(A) & < e
Mp, 1T A
- Possible explanation for the hierarchy between the EW scale and the Planck scale??

[ 1440
- in terms of the Yukawa coupling, A < ETH v, sin 6y, My, (weak gravity type)
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3. S-matrix bootstrap

- Positivity Bounds : BaiEmhH\imc IN\NEHELIRIEDE SR MH
- QED cutoff ~ 10° GeV, SM cutoff ~ 10'° GeV

- weak gravity IFHIER<ED. KDBVNWBDHAEDIZEHH D

- DA : scalar potential [TN-Tokuda ’21], DM [TN-Sato-Tokuda in progress], **
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