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Comnsistent theories of quantum gravity:

V’erj reskrictive.

Cov\sis&ehej o{: QT E,Msufﬁtieh&




Swampiamd Program

Rooted in Skring theory, aims
to find criteria to distinguish
consistent vs, inconsistent Q.
These criteria reptm':e the
notion of naturalness.




The aim of this talkk is to combine
Swampland criteria together with
observations in the conbtext of dark
energy and dark matter.

We use the fact that vacuum energy is
positive and small

and that it is not possible to fully
stabilize it, to make specﬁ{ic
predic%iohs for our universe.




Plan for the tallk:
1-Su.mmptahd duati&v/di.s&ahce con jecture +

A <1 = wmicron scale §-th dimension; Unified
dark sector: DM=KK graviton in sth dimension
Z*Swamptav\d dS/TCC conjecture =

instability of A

3-Cosmological consequeces:

dark energy dmsw? and dark watkter mass
vary in awrr@iage& way
(Predictions vs. Observations DESI+SN...)




Dis Eamce/ ‘Du&tuﬁy L.m»\ Jec@ure
1

[OV ‘o6, fL?\;
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Moreover the tower of Light
stotes is eibther a tower of
KK wmodes, or Light string
states. Strong evidence

from skring theory (“The
String emergence proposal”

[LLW "19]).




In the cowntext of dS/AAS the cosmological constant plays the

role as an effective field A=*e? thus we have a ltower of
states whose masses gqo as

m~ | Al
where

1 1
—SaSE for A>0

(Upper range Higuchi bound,
lower range 1—Lc>op vacuum ehergj)
Combined with other experimental data for our universe

1
foon 0.1 — 10um £ifth dimenion (Dark dimension)
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Phenomenological aspecEs

SM on a 3+1 defect (obtherwise we qet a Llight
tower of SM particles)
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Dirac’s Large Numbers Pattern

0
AY ~ Mp ~ 1

1 P N H. _10
ATT v Mp,fa,A. 885 ~ 10

Inst.

weak

A2 ~ My, M, Mg, rktower
— —1 —60
AIZ ~ HO ~/ THOW ~ 10

T = A ~ 10—120

~ 10—30

(all in Planck units)
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Dirac’s Large Numbers Pattern

M,L~M o A
_ ~ 12
Fora AT =~ M,
rmoduli > 1
. c=>m, g0 2 N~ 1GeV
duli ™
ot My oduli ™ mW
Ti Z Moduli ™ 1GeV
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VAVAVAVIRRS

Dark matter is excitation of graviton
in the dark dimension!
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Once produced they lower their mass by decaying mostly
to lower KK modes (but in the process the total energy
density of dark matter does not change appreciably)

I; ~ GeV

Leads to small kick velocities with potential

observational signature for structure formation.
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T; ~ GeV Produces the right DM abundance, in the
form of KK gravitons

Newton’s Gravitational Attraction « 1/r*> = 1/r° r < lum
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In String %Hﬁmrjj
compactifications
&Svmyﬁm&iﬁaiiﬁ

"Gl

‘—' B
Ak

[A'19,...]

No stable (or weta-
skable) vacua khown
tn the interior,.
Hillkop khnowi,

Correlakion em[saﬁae‘:&ead:
1f V is small so is V' !
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‘Preduc&uons from Swampland program (TCC,.. )
2 1 |
(65 0 )= (v/2,—) ~ (1.4,0.7)  ford = 4.

\/(/—’7 \/d— ‘\/5

And n the interior TCC gives
5

P interioniis == 98] for d =4
\/(d — 1)(d —

And fifth force bounds in the dark sector gives

< 0.2 [KedenKamionkowski,'ot]
Tidal c’ia..mupumms i}% Sqr

("’a th ~

(ALL in reduced Planck uniks)
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1) Length may hot be stabilized, and it could evolve along some path in mulki-

~ dimensional space changing shape and size of internal dimensions.

2) It may affect DM mass as ik may change length.

3) Parameters of SM need not change as bullkk moduli is a global deqree of
freedom and SM is localized,

4) Newton constant may or may not change, depending on whether the total
volume of the internal space is fixed or not.
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The assumﬁiou we malkee s the
same as the one made in
Aqrawal,Obied V19 (Fading dark
makter): The evolution leads
evev\&uattj to length change

and the dark matter losing mass
un Ehe matbter dominated era.




Fading Dark Sector (2019)

Makter dominaked era

Ver(@) = V() + Ppu(P)

Emergj dominated era




¢ porameterizes a variation of length (and
other mwoduli) and for small variations

V ~ V, exp(— 6¢)

m ~ my exp(— O6¢)
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14 I
PpE = ECZ’Z ~Voe™,  ppg ==+ Ve O+

o

W =—pDE conm be < —1,
eff
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WDE, eff

-1.8 DESI DR2 + CMB
DESI DR2 + CMB + Union3d
2.01 DESI DR2 + CMB + Pantheon+
DESI DR2 + CMB + DESY5
29 v . v .
0.0 0.5 1.0 1.5 2.0 2:5 3.0

(a) e<0.¢ >0
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1.007

F
4
0.991 Y,
4
{f
0.98 /
/;I
DM(}.UT Y
/f
096 —— DESI DR2 + CMB
DESI DR2 + CMB + Union3
0.95 DESI DR2 + CMB + Pantheon+
DESI DR2 + CMB + DESYS
0.9 , -
’ 10! 10° 10° 108 1011 10M
2z
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(b) Dark matter mass.




Datasets | e (D S Exchange of ¢ leads to

DESI+CMB ~120 | 3.0 s [N 108 005

—0.7279:45 0,05 + 0.01 QE&T’O&CE&VE LG’V\S T'OLMSQ f'.vf&k

DESI+CMB+Union3 | —16.8 | 3.7 | e J
— = A force acting only on the
RERCiel  darke makter sector:

~1.00751310.05 + 0.01

DESI+CMB+Pantheon+| —10.2 | 2.7 2.9

DESI+CMB+DESY5 -203 | 41 4.0

N DESI DR2 + CMB
DESI DR2 + CMB + Union3
DESI DR2 4+ CMB + Pantheon+
DESI DR2 + CMB + DESYS

F
—2 =2(c)2~05%
F

grav

—io =05 001 00
e

(a) e <0, >0
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DESI DR2 + CMB

DESI DR2 + CMB + Union3
DESI DR2 + CMB + Pantheon+
DESI DR2 + CMB + DESY5

Opposites signs of c,c”:
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= e e N DESIDR2 + CMB
e DESI DR2 + CMB + Uniond.1

/"‘\ g Y N Wit A
/ DESI DR2 + CMDB + Union3 DESI DR2 + CMB + Pantheon+ (recal.)
DESI DR2 4+ OMB 4 Pantheon+ | DESI DR2 + CMB + DES-Devekie
DESI DR2 + CMB + DESY5

0.08
_‘_‘—"“" —
0.06 N
!
0.04t <\

0.02
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