


Mi Lue { M onke
and
Irene Valenzuela

https: //arxiviorg/abs/2208.12293



Consistent theories of quantum
gravik y:

L :j reskrictive.

Cownsistence - Oﬂf QFT s wﬂ: Letent,



Swampland Program aims to
find criteria to distinquish
cownsistent vs. inconsistent QG
These crifkeria re Pl oce Fhe
noktion Qﬂf nakturalness.




The aim of this talk is to
combine Swampland criteria
toqgether with observations in the
context of the'cosmological
hie TaAr<C b\v FT’C} b L@.W‘\” i

Fo show Ehalt we Live i a s c iﬁf Le
. QG Llandscape




Plan for the kall:

1-Swamptamd criteria:

Distance/Dualiby cown jecture
ZmApptiﬂaROM to observed Universe
3-Phenomenological aspects and a
unification of hierarchies:

Mesoscopic dimension, heubrino masses,
Higgs wmass, prediction of a new UV
scale, ...



Diskance/Dualik




M oveovery u& &(} w3l Y Qﬂf i, ES !«&
states is eibher a tower oﬂf
KK wmodes, or Light skring
S &&& “ P S & YOO Mg & \/ E, nee
from string theory (“The
String emerqgeince proposa i

>




2 SUSY
examples of skring
Lands bu,& Lt see

YW S &0
QF’F’Lj also ko nown-
S F? “A P v wywe ET’ LE ones ;




in the context of 4d5S/AdS the
cosmological cownstant F@Lags the role as
an effective field A = £¢7? thus we have
a tower of states whose masses qo as

me [ Af

where

1

1
—<a<— $or A>0
d 2

(UF?!WJ“ ranqge Hiquchi bound,
lower range 1-loop vacuum energy)



Note that this is surprising from EFT: Why do Light towers
alone dictate A?

Example: Non-SUSY tQMF’Qtﬁﬂf&@&ROMS of skring theory in
weak coupling Limit,

and

Magic of modular ihvariance: only Light tower of skring
modes conbribute.
The contribution of higher mass states are screened as
they are redundant dof.






PR 122
This is an extreme range in field
space. We FEhus wsing
d LS %& e CoO MJ &% Ure %ho& U%QT’Q LS
either a tower of Light string or

K K WO S ho S€ WA ss SCO S A%

| |
m~ |Al" with — < a < —,
4 2




This U particular means gravity gets
wodified ot the scale of m. The onle
possibaa&j qiven the observations Ehal
Newtonian force law works u,r &Qlabmu&

30um is the Llower bound o = — = —

1 0y 4
Am = A*
If 1=1, this would give m~ ~ 88um
which s ruled ocubk, We now estimake

P et






over for the as ymptotic

More
LA

not ko lead bto cha MS

F?(;) ek Oﬂf 44¥ A CO; ok b

too small , e, A>m2 ; which

leads ko A ~ 107" = 1077 and
m~! ~ (0.1 —10) um




KK tower or skr EMS Fowe 1”?

Cannot be a skring tower,
effective theory of graviby
valid ﬂf&r a b oOve, e \;

Must b e a KK btower.




How moany exbtra mwesoscopic dimensions?
J P

The gra\viﬁj becomes strong at the higher dimensional Planclk scale
% . 2
M — ]/}/ln+2]‘4”l‘|'2
P
(for n extra mesoscopic dimensions)-

For n>R this gives M < TeV so ik is ruled oubt. For n=2 this qgives TeV
scale,

However, emission of the KK modes leaves a brace in neubron stars and
superhova explosions (can potentially cool a proto-neutron star too fast
to be «comga&bt& with observations ¢ the tower is too Light).

This leads to [Hannestad etal. '20] extra dimensions with length scale
in the micron range to be ruled ouk except 1 extra dimension:
e For the case of a extra dimension:
e For the case of extra dimensions:
So we predict



The Dark Dimension: One ex%ra masos&apm
dimension of length 1-10 microm!

This leads to a fundamental ‘PL&M&M S&ai.e LA
higher dimension '

A\

pl pl




Comparing to large extra dimension
scenarios [A90 ADD'9¥,DDGE'9%,RS5'99] the
motivation and resulks are very different:
Those approaches bring down the Planck
scale to the weal scale to solve the

o exampte in ADD the number c;wf
large extra dimensions is 4 (or more) with

length scale 107 2m (or smaller).

We are wotivated instead b:j

and Swamptav\d Ldeas

and the omtv QPEE,QM. s 1 extra
dimension in the micron range.




Phenomenological &SF’!QQES

GUT brane: Should be localized in the mesocopic dimension for iks

COMFLEMS} not ko be Eioca- wealke:

(A nice example is F-theory GUT model:)




Neukrinos: iven that the bulke wust have exkra
fermions ik is nabtural to &c&@«&&fy them as sterile
neutrinos Ewaampamemﬁs of which can act as right-
handed wneubrino to give active wneubtrinos a wmass.
Indeed this has already beenn studied in the conkext
of LED [ADDM-R,DDC ], However the scenario we have
Ls more U Line with [Carena eb.al/17]:

y{H)
! v/ IXF y* < H* >
M = Leods tom, = =
y(H) 1 M

With y ~ 1072 - 107

Vi



Assuming that bullke dynamics and
&UT dvmamiﬂs communicate and
avoid significant hierarchy in
neubrine masses (sterile and active
neutrinos having similar masses)
this would fix the Higqs vev:

2 2 % 1/6 3 41/3
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i Higqgs F?QEQMEE;&L ak

1011 GeV may be avoided i our
scenario because bhat is where we
hit the higher Planck scale and
we qet new towers of charqged
states and black holes.
- pe r:i;atlv Exf this scale restores

avoided.,




Other Phenomenological aspet‘:‘%sz
- (SBL anowmalies wikth eV sterile

neutrino —Hannestad et.al.+many other wOoTkS)
~ cutoff is close to M.
GZK Limit; any observable effects?
[arXiv 2208,13931, ]
- resolution by the “Early Dark Energy”
scenarios may be relevamnt here (scalar radion field
laying a key role).
orle i progress with Gonzalo, Montero, Obied and
Valenzuela on cosmological aspects.
-Wider options for (’r’rimc}ri&at BH)
[ arXiv 2206,07071,



Summ&rj
Swall darke energy + Swamptamd + observations umﬁquei.v lead
to a single mMesoscopic dimension The Darlke Dimension i the
MLCTON Tange
(we resisted the temptation of calling it the ‘omicron’ !).

Possible Unification of hierarchies (Dirac’s dream):

lmacro A ; ml/ T 1_1
[ (Hy y7 ™ Mg
5 —1/3 2/3
M~ 2 M

Easily falsifiable: improvement on the precision measurement
of deviation from Newton’s law by a factor of 10-100,
Or improvement of astrophysical ounds,

Coincidence of many interesting phenomenological aspects!



