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Dimension D 1 2 3 4 o 6

torsion balance [pum| 30 23 22 22 19 17
neutron star (excecc heat) [um) | 8.3 x 109 | 59x 1072 | 1.3 x 1077 | 59x 1079 | 94 x 1077 [ 28 x 1077
neutron star (4 sources) [pm] | 3.9x10% | 38x107% | 42x107% | 47%x1077 | 1.3x1077 | 5.4 x 107"
LHC [pm| 5.3 x 10 3.8 99x107° | 50x1077 | 21 x107% | 24 x 1077
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2. Higher-dim uniform inflation
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2. Higher-dim uniform inflation

= L. A. Anchordoqui, |. Antoniadis (2023)
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H=-=- : : :
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2. Higher-dim uniform inflation

= |. Antoniadis, J. Cunat, A. Guillen (2023)
5D uniform inflation|Z# (14 F B BV IE BN R

ds? = a(t)Q{ — (1 +2®)dr? + ((1 +2R)d;; + thj)dxidxj

2 —
—I_ (bo — =
KEIRTHEDRHT—IEE] bo: FREIRITTZER DB ARETD F %

) dyg} ANh7—EE  TUVILES

ARGRNILEEET VIV - RAS5—LEIF..

ne=1—"7e, +2ny, 1 =724¢y

ng & r HH T HIZELB!

¥ cf. ng =1—6ey +2ny, 7= 16ey (ARTHZEDIHFE) >

' M |”M”!I”I"

‘!, il
JUM
"h;:i‘-?

il




2. Higher-dim uniform inflation

a 0) Jl qj'.'i_-'l,
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1. Chaotic inflation [a.b. Linde (1983)]
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V(q/)) — _¢n (A: & Bcoupling)
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Planck TT,TE,EE+lowE * n=2Mm2D=10cF,

anc , , —+low

Planck TT,TE,EE-lowE-lensing ng = 0.9505, r = 0.24 (N, = 50)
+BK15+BAO ng = 0.9587, r = 0.20 (N, = 60)
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2. Natural inflation [k Freese, J. A. Frieman, A. V. Olinto (1990)]

Vig) =W <1 + cos (?)) (f: HBRT—IL)
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3. Quartic hilltop inflation [a. b. Linde (1982), K.Dimopoulos (2020)]

) (1: 3 Scoupling)
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4. Spontaneously broken SUSY model R « schaefer (1994)]
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n. ~ 0.983 (N, = 60)
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5. R? inflation (Starobinsky inflation) (a. . starobinsky (1980)

c D+4RITTRZATL—30 DT x)L

[S. P. Otero, F. G. Pedro, C. Wieck (2017)]
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= Higher-dimensional uniform inflationZ% & 1=
REIRTZEM: StxStx--- St

= ng ETD— R
ng=1—(D +6)ey +2ny,, r=8(D + 2)ey (bgk > 1)

= 5DDAVIL—2avETIVEBEN
N5Dng, r & Planck 2018 ACTDHE R # LEER

« Chaotic inflation

- Natural inflation » REIXRTZERDFIEX
- Quartic hilltop inflation CMB&AIRIZIFENLLY !

- R™ inflation » k15 S DA RIEETED Y !

L



4. Discussion

» REIRTZEFDERIFACTORREIYFENLL
= SRFTIFAV/NVLERDHDE R, REIRTER I RLEODANERL

» BLAEEREES—EBEET? N. Arkani-Hamed, S. Dimopoulos et.al. (2000)]

» RENMNRTZERBDFERDHAFFNDFIEENE
= Dark Dimension proposalM g, &5 [ESwampland&BE{&?
= HINEEENERZEZ S XITIZHEE [L. A. Anchordoqui, I. Antoniadis, J. Cunat (2026)]
= DA TL—3ETIL
= Extra-natural inflation [N. Arkani-hamed, H. C. Cheng, P. Creminelli, L. Randall (2003)]
= Fibre inflation [M. Cicoli, C. P. Burgess, F. Quevedo (2009)]

= Radion stabilizationZz& & 7=fZ4T [ L. A. Anchordoqui, I. Antoniadis (2023)]
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» REIRTER--SRITERMERIZ/INSWNERBMNHDE
%‘Z_%)IEE il

« REXRTEEFREEIZSD

(1D Large Extra Dimension @) Dark Dimension

2) Randall-Sundrum model (5) Universal Extra Dimension
(3 Gauge-Higgs Unification

- REIRTOEED IR

neutron star (excecc heat) [um] | 8.3 x 10° | 5.9 x 1072 3 x 10 5.9x107% | 94 x 1077
\ ‘ 2 ‘ 1n—4 19 o 10n—¢ . n—7 . -7
neutron star (v sources) |um)| 3.9 x10° | 3.8 x 10 4.2 x 10 4.7 x 1 1.3 x 10

99x107° | 50x1077
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T— by 7R
o MHAFERE - Wilson lineD A EBFFHEZHF>Z & T —¥
XHFRME DVRE AL 2 B i

27 R
—1g / dy(As)
0

W = Pexp

IIW—TBNRT o v IILHABRICAE T,
SRTTT —ViGOBERENBIRICIEONS

ex) S1 case [H. Hatanaka, T. Inami, C. S. Lim, 1998]

9e4
167+ R?
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Appendix: pNG Dark Matter

Set up
explicitly shlft
« 6D scalar QED with magnetized torus kag T

L D —ZFMNFMN Dy H|? —

2

A m A
V(g H) = ——JHH? + 25 H|* 7¢|¢12 + L2279l

« ¢,H — s,h (diagonalization) Unknown origin--

« Imaginary part of ¢p: y---pseudo NG dark matter

> WL scalar=pNG Dark Matter




Appendix: pNG Dark Matter

Results
00— 10—
i Unitarity Unitarity
T@[ PLANCK
110 10
= 107 4 107 PLANCK _ -
) ] eh f :
KK mass 1 i KK mass
sinf = 0.1
102/ m, = 300 GeV. 102
10’ 102 103 10* 100 120 140 160 180
m, GeV m, GeV

« Red line: density parameter by Planck Qp, = 0.1200

« Blue region: forbid decay channel ¢ — H; gHy g
(1st KK modes are not stable DM)
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FHDOFRERT 5T= (0A—Vo-or—h—EB)
ds* = —dt* + a*(t)dz”

2o— VAT FHOMELSERT /S48
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ds® = —dt* + a*(t)dx?

A T—IVEF: FHOWERESERT /\TA—42
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BB hATAvIA2TL—32 (A D Linde (1983)]
A
V(p) = ﬁgb” (1: 3 Acoupling)

= AA—A—)J)L/I\TGA*—4

M? \V4 2 n2 Y 2 V. i 2

pl @ pl 2 Voo pl

— — —M 1 e
v 2<V> 2<¢)’”v iy = nin )(cb)

P
- e- . N, = —d — _
e-folds 7 ¢ = = M2 (¢ — %)
o sle — _ = ey ~ 1—C¢f§5k&)é
= ARGRIVIEEEET OV IL-RADT—LE
e =1 — Gy - 3 Nt
s — — D€ = - ’
1% nv 2N,
n = 2MDN, = 502 &(n,, 1) = (0.96,0.16)

N, = 6012&(ng, ) = (0.9667,0.13)
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3. SEIDHE (Piik)
STEDE(FHEMNER)
ds? = a(t)2{ ~ (14 2®)dr? + ((1 +2R)6i; + thj)dxidxj

+ (b5 — QE)nmndymdy”}
EFsC 70— IEBEmT &,
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CMB future experiment

LiteBIRD

(lite (light) satellite for the studies of B-modes polarization

and Inflation from cosmic background Radiation Detection)

Misson

= Observation of CMB B-mode polarization
from the primordial gravitational wave
= Rule out many inflationary models !

= Precise measurement of low-£ anomaly
nTT power Spectrum cf. cosmic variance




Another motivation

= Dark Dimension scenario [m. Montero, C. Vafa, I. Valenzuela (2023)]
Motivated by AdS distance conjecture or Swampland

AdS distance conjecture o Lust £ Palti, C. vafa (2019)]

Quantum gravity on D-dimensional AdS space with
cosmological constant A

An infinte KK tower of states with mass scale m
as A —» 0, behave as

~ |Al%,
(a: a positive order-one number)

Attempt to solve the hierarchy of the particle physics
and cosmology (cosmological hierarchy problem)

> Original large extra dimensions is related to the gauge hierarchy problem. >




Another motivation

= Dark Dimension scenario [m. Montero, C. Vafa, I. Valenzuela (2023)]

This conjecture predicts the radius of extra dim as

R~ 0.1um—10 um » Dark Dimension
(

one mesoscopic extra dimension)

Can we observe a micro-sized
extra dimension?

Current bound of the size of extra dim

Dimension D

B

" Bound size [pm] A

torsion balance astrophysical bound



Appendix

2. Natural inflation
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Appendix

3. Quartic hilltop inflation
V(gb) =V (A: a coupling)

D = 2 case
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Appendix

Parameters: r = 0.10, by ' = 10> GeV, A, = 2.1x107°

= The energy of inflation (D = 1)

D+4 o
- (D+2)(D+3) rds M, i
T bOD

8
~ 2.6 x 10'° GeV

(e

= The energy during inflation (D = 1)

= TAsMﬁz
— 2D_|_27TD—5 D43

~ 1.1 x 10™ GeV
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