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that describes both physics at short and at long distances !

Short distances                    particles physics Long distances               cosmology

Challenge for a fundamental theory of nature

Is there a connection between physics in the UV and in the IR ?



Energy budget of the universe (cosmic pie):

Dark matter density:
<latexit sha1_base64="aBk9l+Mc399y8Ct8VzM+fcPsgIk="></latexit>

⇢DM ' 2.2⇥ 10�27kg/m3 ' 3.2⇥ 10�8 Msun/pc
3

<latexit sha1_base64="PWNsDw2SHpYqZK8H5pTPtT+1UTI="></latexit>

⇤cc ' 10�122M4
p ' (2.31 meV )4

Dark energy:
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Two related IR length scales:

Fundamental IR length scale : 

Size of the observable universe:

Dark energy length:

<latexit sha1_base64="4cbVu9gwOenhYennKWz5fMe1vQk="></latexit>

(⇤cc)
1/4 = [L]�1 ' (85µm)�1

<latexit sha1_base64="yVVoqcJ0RA0A9zo6m2E6KRWT6EA="></latexit>

(⇤cc)
1/2 = [L]�2 ' 3H2

0 ' (1026m)�2
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Small cosmological constant:
Anthropic „explanation“: [S. Weinberg (1987)]

Statistical „explanation“String landscape:
[R. Bousso, J. Polchinski  (2000); M. Douglas (2001), KKLT (2001), …]

General quantum gravity arguments against de Sitter vacua

Stability and other issues for KKLT in string theory

[G. Dvali, C. Gomez (2014);
G. Obied, H. Ooguri, L. Spodyneiko, C. Vafa (2018)]

[I. Bena, G. Giecold, M. Grana, N. Halmagyi (2011);
I. Bena, E. Dudas, M. Grana,  S. Lüst (2018);
I. Bena. J. Blabäck. M. Grana, S. Lüst (2020);

S. Lüst, L. Randall (2022)]
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Small cosmological constant:
Anthropic „explanation“: [S. Weinberg (1987)]

Cold , hot,  WIMPS, axions, …..

Dark matter:

Primordial black holes:  hard to accommodate 100% DM
[G. Chapline (1974)]

Statistical „explanation“String landscape:
[R. Bousso, J. Polchinski  (2000); M. Douglas (2001), KKLT (2001), …]

Can one relate Dark Matter to        ?
<latexit sha1_base64="HEAO1EagMUDewxk+/hwrlsILBrU="></latexit>

⇤cc
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Weak scale:

UV length scales in particle physics :

Supersymmetry breaking scale:

Quantum gravity mass scale:

<latexit sha1_base64="1dckSTV2BQ6gAF7APztj9seTH6s="></latexit>

⇤SUSY � 1TeV

<latexit sha1_base64="xd7VlY+Ft0m4fLqJMMJY9bp5R4w="></latexit>

⇤weak ' 100 GeV

<latexit sha1_base64="wNRVAHm9IDhoRJx9uEhJZeY2q4I="></latexit>

⇤QG



Generic Features in Quantum Gravity :



Generic Features in Quantum Gravity :

     All mass scales depend on scalar fields:
<latexit sha1_base64="wiXInrLZn7H2WZ5j/uxngkk+TIU="></latexit>

⇤ = ⇤(�)
<latexit sha1_base64="/Njh56tPuXHY3tZIxMELOUdHsl0="></latexit>•
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     There is UV - IR mixing:
<latexit sha1_base64="II2ZRVDztIvzDC55vQsU8Lrdj0s="></latexit>

⇤UV
<latexit sha1_base64="xB/nyXAX2ZezZMx3DFK5wZGa8/8="></latexit>
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     There is UV - IR mixing:
<latexit sha1_base64="II2ZRVDztIvzDC55vQsU8Lrdj0s="></latexit>

⇤UV
<latexit sha1_base64="xB/nyXAX2ZezZMx3DFK5wZGa8/8="></latexit>

⇤IR
<latexit sha1_base64="2/pNf30C+u54JjCcwbLj7NmC1UY="></latexit>�!<latexit sha1_base64="DFwyKM+HKPhD7MGQudELVkzRLVk="></latexit> �<latexit sha1_base64="/Njh56tPuXHY3tZIxMELOUdHsl0="></latexit>•

[G. Dvali (2007)]

N: Number of particles below                        .

<latexit sha1_base64="skK5pdakH1/8XtSYOM5teWQufyo="></latexit>

⇤QG
<latexit sha1_base64="tLXVqgY7bEDCikwmpCUA2HGn4wE="></latexit>

N = N(�)….  it depends on scalar fields:

    UV cut-off: Species scale:<latexit sha1_base64="/Njh56tPuXHY3tZIxMELOUdHsl0="></latexit>•
<latexit sha1_base64="/xiqPbADbm2IAuZ/vrM5oBz5V0Y="></latexit>

 Mp ' 1019GeV



Outline :

I) Swampland Program

II) The Dark Universe

III) The Dark Universe and SUSY Breaking

IV) Primordial Black Holes & Dark Matter
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Which IR consistent quantum field theories 
cannot be embedded into a UV complete 
quantum gravity theory?         

[H. Ooguri, C. Vafa  (2006)]

[C. Vafa  (2005)]

I) Swampland Program
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Which IR consistent quantum field theories 
cannot be embedded into a UV complete 
quantum gravity theory?         

Picture thanks to Eran Palti

[H. Ooguri, C. Vafa  (2006)]

[C. Vafa  (2005)]

I) Swampland Program
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Swampland conjectures:  

General conjectures about the boarder line between the 
landscape and the swampland.
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Swampland conjectures:  

General conjectures about the boarder line between the 
landscape and the swampland.

- often motivated from general black hole properties

- often tested in string theory

- rigorous and also less rigorous

- less useful and useful in phenomenology
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At large distance      directions in the parameter space of 
string vacua there must be an infinite tower of 
states with mass scale m.

�

[H. Ooguri, C. Vafa (2006)]

<latexit sha1_base64="obyja1sXx0lPYEQJkNB08RZc97o="></latexit>

m = Mpe
�↵�

� ! 1when
<latexit sha1_base64="TsK1fcBU1pmE0uYWilDkma/4RXU="></latexit>

m << Mp

Quantum gravity exhibits very interesting physics and 
mathematics features at boundaries of the moduli space.   

Swampland Distance Conjecture: 



IR scale: tower mass scale m

UV  IR             
Mixing

<latexit sha1_base64="2/pNf30C+u54JjCcwbLj7NmC1UY="></latexit>�!<latexit sha1_base64="DFwyKM+HKPhD7MGQudELVkzRLVk="></latexit> �

UV scale: species scale:

m

N:
<latexit sha1_base64="IqwzbosGdHMecuc6R/oKs0YE4mo="></latexit>

{

N: Number of particles between m and                         .

<latexit sha1_base64="skK5pdakH1/8XtSYOM5teWQufyo="></latexit>

⇤QG

The distance conjecture leads to …  



Tower mass scale:
<latexit sha1_base64="QOOsDb2pIpqQZqTfr9GbwMLISOA="></latexit>

� = logR

Number of KK states:

<latexit sha1_base64="nX/YW+5hE3WdX1OZf0815nMpgvU="></latexit>

mKK = 1/R

KK compactification with n large extra dimensions of radius R 

<latexit sha1_base64="32EUnC3TIaIzsG8D6tMo4cyBG+w="></latexit>

N =

✓ ◆n<latexit sha1_base64="wNRVAHm9IDhoRJx9uEhJZeY2q4I="></latexit>

⇤QG
<latexit sha1_base64="nvrhRc+g4gAuqZY6+WsbNVkBrKQ="></latexit>mKK

<latexit sha1_base64="wNRVAHm9IDhoRJx9uEhJZeY2q4I="></latexit>

⇤QG

<latexit sha1_base64="Ju9gRADXwUOTHvHrLnFQ2jIbXns="></latexit>

= (
<latexit sha1_base64="FOybE8VCqNq7DkBxJI2IL0d8quQ="></latexit>

)n
<latexit sha1_base64="loW7NRabK0ylXOUnrp8WXkjH+P8="></latexit>

R

UV scale:
<latexit sha1_base64="wNRVAHm9IDhoRJx9uEhJZeY2q4I="></latexit>

⇤QG

<latexit sha1_base64="kHa1DdfoEL7SMGAJ4QO42/lfmqI="></latexit>

= (Mp)
2

n+2

<latexit sha1_base64="62pcBAh3KVC7XMde7Qxn84vRpts="></latexit>

(mKK)
n

n+2

<latexit sha1_base64="cSrx69q7XtM9dCd+ifaUVvSEzoo="></latexit>=

<latexit sha1_base64="s6YD/sZBOqEcnyV+/BFWIZPB1Xc="></latexit>

(Mp)
2

n+2

<latexit sha1_base64="7WHnc2WpW7nZnBfALTxM379PzOs="></latexit>

(R)
n

n+2
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Some Generalized Distance Conjectures: 
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m ⇠ |⇤cc|↵ with ↵ � 1

2
Anti-de Sitter
Conjecture

[D.L. , E. Palti, C. Vafa (2019)]

Some Generalized Distance Conjectures: 
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Gravitino conjecture

[N. Cribiori, M. Scalisi, D.L. ;  A. Castellano, A. Font. A. Harraez, L. Ibanez (2021)]

Some Generalized Distance Conjectures

<latexit sha1_base64="ioLDadAw3iMu9rje1pD1njytysQ="></latexit>

M3/2 ! 0

<latexit sha1_base64="q2/T5uOggg+RXZePQBSCHahI1OU="></latexit>

m ⇠ (M3/2)
� with � > 0
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BH entropy/temperature conjecture

[Q. Bonnefoy, L. Ciambelli, S. Lüst, D.L. (2019);  
N. Cribiori, M. Dierigl, A. Gnecchi,  M. Scalisi, D.L. (2019)]

Some Generalized Distance Conjectures
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The limit of small positive cosmological constant leads to 
a light tower of states with mass scale m:

Consider (meta-stable) vacua with positive cosmological 
constant and assume that the ADC is still valid :

ADC         Cosmological Constant distance conjecture:

II) The Dark Universe
[M. Montero, C. Vafa, I. Valenzuela (2022)]



Lowest possible mass from the Higuchi bound (unitarity):

Highest possible mass from one-loop potential in string theory 
(contribution from light modes): 

<latexit sha1_base64="7l+LlesLXswvhN8grp062i0ilrQ="></latexit>

m  (⇤cc)
1/4

Bounds on the tower mass scale m :

So we get:

<latexit sha1_base64="XlrthzXovkoaIvyvIeplzRVqLXg="></latexit>

m � (⇤cc)
1/2

<latexit sha1_base64="a6/QH90SqvEPVa4DB91Feaen3o4="></latexit>

/Mp



Lowest possible mass from the Higuchi bound (unitarity):

Highest possible mass from one-loop potential in string theory 
(contribution from light modes): 

<latexit sha1_base64="7l+LlesLXswvhN8grp062i0ilrQ="></latexit>

m  (⇤cc)
1/4

Bounds on the tower mass scale m :

So we get:

<latexit sha1_base64="wNRVAHm9IDhoRJx9uEhJZeY2q4I="></latexit>

⇤QG

<latexit sha1_base64="a1qLjuusHWOB3TyDN+YDuQYnxHg="></latexit>

= (Mp)
2+n�4↵n

n+2

<latexit sha1_base64="owzBMNf+LReRTJ1WXVMX5PDj58c="></latexit>

[��1(⇤cc)
↵]

n
n+2

Species scale in terms of            (UV-IR mixing):
<latexit sha1_base64="Rm5aI1rEDjvfhJnJDhuX5si8xF8="></latexit>

⇤cc

<latexit sha1_base64="XlrthzXovkoaIvyvIeplzRVqLXg="></latexit>

m � (⇤cc)
1/2

<latexit sha1_base64="a6/QH90SqvEPVa4DB91Feaen3o4="></latexit>

/Mp
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Three parameters: 

Experimental bounds on Newton law:

Neutron star reheating:

Cosmic ray spectrum:
[L. Anchordoqui, arXiv:2205.13931]

Dark Universe:   the tower of states is given by the 
KK modes of n large, dark dimensions. 

Related species scale:

Radius of  dark dimension:

KK mass scale:



III) The Dark Universe and SUSY Breaking
Supergravity scalar potential:

Spontaneous SUSY Breaking

<latexit sha1_base64="fzvW5anuUeLWDqW3KAUg7knKgJc="></latexit>

⇤cc = V ⇡ 0

<latexit sha1_base64="ds4QVXdvNQ/SQQLg3EfEv5R5pR8="></latexit>

V = M2
P eK(|DW |2 � 3|W |2) , M2

3/2 = eK |W |2

<latexit sha1_base64="njFkR2mSzTfvKdlQK36P4+ZNawo="></latexit>

F� = eK/2DW ' M2
SUSY /MP

<latexit sha1_base64="k5L0R6tf1l0DGlh8+CpA3h8DLxo="></latexit>)
<latexit sha1_base64="JCMmkpyRLRo4e2LE8RCAlhmEsfI="></latexit>

MSUSY '
q

MP M3/2



III) The Dark Universe and SUSY Breaking
Supergravity scalar potential:

Spontaneous SUSY Breaking
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⇤cc = V ⇡ 0

Gauge mediation:
<latexit sha1_base64="EwybajSdThJXo9cWownSbhvvFJk="></latexit>

Msoft ' MSUSY � O(TeV)
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Gravitino conjecture :

<latexit sha1_base64="awitF0J4OdRF5cseX3W1rx5MW5I="></latexit>

(
1

4
 �  2)

<latexit sha1_base64="j6frLa1IawfkbUj5tNTZZAueTkg="></latexit>
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3/2

✓
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◆�
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[N. Cribiori, M. Scalisi, D.L. ;  A. Castellano, A. Font. A. Harraez, L. Ibanez (2021)]
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Combine with the dark dimension: assume one common KK tower with 
<latexit sha1_base64="3LeRFmdg63AJDwZCHjX+mZhOEIk="></latexit>

↵ = 1/4

or

<latexit sha1_base64="+ut75aGVfs2wJOeEDqx2pUxzAr4="></latexit>
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�
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◆4 ✓MSUSY

MP

◆8�

M4
P

<latexit sha1_base64="Hswj9GMhK/e76zhPfVlvuk8G+PU="></latexit>

⇤cc =

✓
�
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◆4 ✓M3/2

MP
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M4
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[N. Cribiori, M. Scalisi, D.L. ;  A. Castellano, A. Font. A. Harraez, L. Ibanez (2021)]
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✓
MSUSY

MP

◆2k
This can be viewed as the leading term of a more general power series expansion:

Gravitino conjecture :

<latexit sha1_base64="awitF0J4OdRF5cseX3W1rx5MW5I="></latexit>

(
1

4
 �  2)

<latexit sha1_base64="j6frLa1IawfkbUj5tNTZZAueTkg="></latexit>

m = ��1
3/2

✓
M3/2

MP

◆�

MP

Combine with the dark dimension: assume one common KK tower with 
<latexit sha1_base64="3LeRFmdg63AJDwZCHjX+mZhOEIk="></latexit>

↵ = 1/4

or

<latexit sha1_base64="+ut75aGVfs2wJOeEDqx2pUxzAr4="></latexit>

⇤cc =

✓
�

�3/2

◆4 ✓MSUSY

MP

◆8�

M4
P

<latexit sha1_base64="Hswj9GMhK/e76zhPfVlvuk8G+PU="></latexit>

⇤cc =

✓
�

�3/2

◆4 ✓M3/2

MP

◆4�

M4
P
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This is the relevant case for gauge mediation.

<latexit sha1_base64="R9UeiiWcVl8cjuRd+dwKOKENetY="></latexit>

MSUSY = O(⇤1/8
cc ) = O(1� 10 TeV)

<latexit sha1_base64="scv1b+rfEghIksp+mWf8m9u2OI4="></latexit>

M3/2 = O(⇤1/8
cc ) = O(1� 10 TeV)

This is the relevant case for gravity mediation.
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Two-torus:

<latexit sha1_base64="5ej0vP6l1+TTiTmKowwR6SOctzY="></latexit>

mKK = 1/R

Microscopic realisation: String compactifiction on an anistropic 
two-torus  with Scherk-Schwarz boundary conditions:

(In 4D Planck units)

<latexit sha1_base64="uErpcgNdtCrLJwkMj0Sfm1ECFAw="></latexit>

K = � log
�
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�
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Im� = R2/3 ) ↵ = 1/4 , � = 1
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IV) Primordial Black Holes & Dark Matter
[L. Anchordoqui, I. Antoniadis, D.L.,  arXiv:2206.07071]
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From observations there is a window, in which 4D PBHs can 
be still all dark matter candidates - however there are 
further model dependent bounds that can also exclude this 
window. 

P.  Villanueva-Domingo, O. Mena, S. Palomares-Ruiz (2021)
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From observations there is a window, in which 4D PBHs can 
be still all dark matter candidates - however there are 
further model dependent bounds that can also exclude this 
window. 

P.  Villanueva-Domingo, O. Mena, S. Palomares-Ruiz (2021)

BHs become 
too short lived

IV) Primordial Black Holes & Dark Matter
[L. Anchordoqui, I. Antoniadis, D.L.,  arXiv:2206.07071]
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Three possible regimes for black holes with horizon       :

BH becomes string state.

4D black hole

5D black hole

Dark universe with 
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Three possible regimes for black holes with horizon       :

BH becomes string state.

4D black hole

5D black hole

As we now discuss, these 5D BHs are good 
all dark matter candidates.

Dark universe with 
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Horizon size of BH in 4+n dimensions:
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Horizon size of BH in 4+n dimensions:

Dark Universe:
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Horizon size of BH in 4+n dimensions:

Dark Universe:

! *
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BH evaporation goes by Hawking radiation:

Hawking temperatur:

Entropy:
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(i)     4D BH  (n=0):

Numerical results:
Temperatur:

(ii)     5D BH  (n=1):
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Life time and age of the universe:

Black hole with                   has lifetime comparable 
to the age of the universe.

(i)     4D BH  (n=0):



30

Life time and age of the universe:

Black hole with                   has lifetime comparable 
to the age of the universe.

(i)     4D BH  (n=0):

(ii)     5D BH  (n=1):

Black hole with                                    has lifetime 
comparable to the age of the universe.

This sets the lower mass end of the viable window.
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(i) Nice conspiracy of numbers for the dark universe:

BHs in window are 5 - dimensional

The 5D PBHs are bigger, colder and longer lived than 
the 4D black holes !
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(i) Nice conspiracy of numbers for the dark universe:

BHs in window are 5 - dimensional

(ii) Viable window for 5D primordial black holes:

The 5D PBHs are bigger, colder and longer lived than 
the 4D black holes !
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V) Summary of Dark Universe
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V) Summary of Dark Universe
It relates         to an extra dimension of  micron size:

<latexit sha1_base64="0u5Dc6McibOqvzYPCgbiyQ12TLc="></latexit>

1/R ⇠ O(⇤1/4
cc ) ' 10�1eV ' (1µm)�1

<latexit sha1_base64="Rm5aI1rEDjvfhJnJDhuX5si8xF8="></latexit>

⇤cc
<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268=">AAAC0HichVFLS8NAEJ7GV1tfVY9egkXwVBIR9Vh84UWoYh/QFknSbQ3dPEg2xVpEvHrzqr9Mf4sHv11TQYt0w2Zmv/nm25kdO+RuLAzjPaPNzM7NL2Rz+cWl5ZXVwtp6LQ6SyGFVJ+BB1LCtmHHXZ1XhCs4aYcQsz+asbvePZbw+YFHsBv61GIas7Vk93+26jiUA1Vt2wjkTN4WiUTLU0icdM3WKlK5KUPigFnUoIIcS8oiRTw I+J4tifE0yyaAQWJtGwCJ4roozeqA8chOwGBgW0D7+PZyaKerjLDVjle3gFo4dIVOnbewzpWiDLW9l8GPYT+x7hfX+vWGklGWFQ1gbijmleAFc0C0Y0zK9lDmuZXqm7EpQlw5VNy7qCxUi+3R+dE4QiYD1VUSnU8XsQcNW5wFewIetogL5ymMFXXXcgbWUZUrFTxUt6EWw8vVRD8Zs/h3qpFPbLZn7JfNyr1g+SgeepU3aoh1M9YDKdE4V1CE7fKFXetOutDvtUXv6pmqZNGeDfi3t+QvJhpG3</latexit>•
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It relates         to the scale of supersymmetry breaking:
<latexit sha1_base64="KLYhalKhBxbA2sBaHM/eArUuXoU="></latexit>

MSUSY ⇠ O(⇤1/8
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P ' 1TeV
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MQG ⇠ O(⇤1/12
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<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268=">AAAC0HichVFLS8NAEJ7GV1tfVY9egkXwVBIR9Vh84UWoYh/QFknSbQ3dPEg2xVpEvHrzqr9Mf4sHv11TQYt0w2Zmv/nm25kdO+RuLAzjPaPNzM7NL2Rz+cWl5ZXVwtp6LQ6SyGFVJ+BB1LCtmHHXZ1XhCs4aYcQsz+asbvePZbw+YFHsBv61GIas7Vk93+26jiUA1Vt2wjkTN4WiUTLU0icdM3WKlK5KUPigFnUoIIcS8oiRTw I+J4tifE0yyaAQWJtGwCJ4roozeqA8chOwGBgW0D7+PZyaKerjLDVjle3gFo4dIVOnbewzpWiDLW9l8GPYT+x7hfX+vWGklGWFQ1gbijmleAFc0C0Y0zK9lDmuZXqm7EpQlw5VNy7qCxUi+3R+dE4QiYD1VUSnU8XsQcNW5wFewIetogL5ymMFXXXcgbWUZUrFTxUt6EWw8vVRD8Zs/h3qpFPbLZn7JfNyr1g+SgeepU3aoh1M9YDKdE4V1CE7fKFXetOutDvtUXv6pmqZNGeDfi3t+QvJhpG3</latexit>•



33

V) Summary of Dark Universe
It relates         to an extra dimension of  micron size:

<latexit sha1_base64="0u5Dc6McibOqvzYPCgbiyQ12TLc="></latexit>

1/R ⇠ O(⇤1/4
cc ) ' 10�1eV ' (1µm)�1

<latexit sha1_base64="Rm5aI1rEDjvfhJnJDhuX5si8xF8="></latexit>

⇤cc
<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268=">AAAC0HichVFLS8NAEJ7GV1tfVY9egkXwVBIR9Vh84UWoYh/QFknSbQ3dPEg2xVpEvHrzqr9Mf4sHv11TQYt0w2Zmv/nm25kdO+RuLAzjPaPNzM7NL2Rz+cWl5ZXVwtp6LQ6SyGFVJ+BB1LCtmHHXZ1XhCs4aYcQsz+asbvePZbw+YFHsBv61GIas7Vk93+26jiUA1Vt2wjkTN4WiUTLU0icdM3WKlK5KUPigFnUoIIcS8oiRTw I+J4tifE0yyaAQWJtGwCJ4roozeqA8chOwGBgW0D7+PZyaKerjLDVjle3gFo4dIVOnbewzpWiDLW9l8GPYT+x7hfX+vWGklGWFQ1gbijmleAFc0C0Y0zK9lDmuZXqm7EpQlw5VNy7qCxUi+3R+dE4QiYD1VUSnU8XsQcNW5wFewIetogL5ymMFXXXcgbWUZUrFTxUt6EWw8vVRD8Zs/h3qpFPbLZn7JfNyr1g+SgeepU3aoh1M9YDKdE4V1CE7fKFXetOutDvtUXv6pmqZNGeDfi3t+QvJhpG3</latexit>•

It relates         to the scale of supersymmetry breaking:
<latexit sha1_base64="KLYhalKhBxbA2sBaHM/eArUuXoU="></latexit>

MSUSY ⇠ O(⇤1/8
cc )M1/2

P ' 1TeV

<latexit sha1_base64="Rm5aI1rEDjvfhJnJDhuX5si8xF8="></latexit>

⇤cc
<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268=">AAAC0HichVFLS8NAEJ7GV1tfVY9egkXwVBIR9Vh84UWoYh/QFknSbQ3dPEg2xVpEvHrzqr9Mf4sHv11TQYt0w2Zmv/nm25kdO+RuLAzjPaPNzM7NL2Rz+cWl5ZXVwtp6LQ6SyGFVJ+BB1LCtmHHXZ1XhCs4aYcQsz+asbvePZbw+YFHsBv61GIas7Vk93+26jiUA1Vt2wjkTN4WiUTLU0icdM3WKlK5KUPigFnUoIIcS8oiRTw I+J4tifE0yyaAQWJtGwCJ4roozeqA8chOwGBgW0D7+PZyaKerjLDVjle3gFo4dIVOnbewzpWiDLW9l8GPYT+x7hfX+vWGklGWFQ1gbijmleAFc0C0Y0zK9lDmuZXqm7EpQlw5VNy7qCxUi+3R+dE4QiYD1VUSnU8XsQcNW5wFewIetogL5ymMFXXXcgbWUZUrFTxUt6EWw8vVRD8Zs/h3qpFPbLZn7JfNyr1g+SgeepU3aoh1M9YDKdE4V1CE7fKFXetOutDvtUXv6pmqZNGeDfi3t+QvJhpG3</latexit>•

It relates         to the scale of quantum gravity:
<latexit sha1_base64="tDQMg0BUCr4rLRztLZNZHkzDhSg="></latexit>

MQG ⇠ O(⇤1/12
cc )M2/3

P ' 1010GeV

<latexit sha1_base64="Rm5aI1rEDjvfhJnJDhuX5si8xF8="></latexit>

⇤cc
<latexit sha1_base64="XS5SWWVYX8WkGO1j8E7vgb+j268=">AAAC0HichVFLS8NAEJ7GV1tfVY9egkXwVBIR9Vh84UWoYh/QFknSbQ3dPEg2xVpEvHrzqr9Mf4sHv11TQYt0w2Zmv/nm25kdO+RuLAzjPaPNzM7NL2Rz+cWl5ZXVwtp6LQ6SyGFVJ+BB1LCtmHHXZ1XhCs4aYcQsz+asbvePZbw+YFHsBv61GIas7Vk93+26jiUA1Vt2wjkTN4WiUTLU0icdM3WKlK5KUPigFnUoIIcS8oiRTw I+J4tifE0yyaAQWJtGwCJ4roozeqA8chOwGBgW0D7+PZyaKerjLDVjle3gFo4dIVOnbewzpWiDLW9l8GPYT+x7hfX+vWGklGWFQ1gbijmleAFc0C0Y0zK9lDmuZXqm7EpQlw5VNy7qCxUi+3R+dE4QiYD1VUSnU8XsQcNW5wFewIetogL5ymMFXXXcgbWUZUrFTxUt6EWw8vVRD8Zs/h3qpFPbLZn7JfNyr1g+SgeepU3aoh1M9YDKdE4V1CE7fKFXetOutDvtUXv6pmqZNGeDfi3t+QvJhpG3</latexit>•

It relates          to the mass of primordial black holes:
<latexit sha1_base64="xRfaEr57D1NlNvUZ91Jmz1XmjvI="></latexit>

MBH ⇠ O(⇤�1/4
cc

)M2
P
' 1021g

<latexit sha1_base64="Rm5aI1rEDjvfhJnJDhuX5si8xF8="></latexit>

⇤cc
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Alternative and possibly related proposal for dark matter:

Dark KK Gravitons as Dark matter candidates.

[E. Gonzalo, M. Montero, G. Obied, C. Vafa (2022)]

[L. Anchordoqui, I. Antoniadis, D.L.,  arXiv:2210.02475]
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Alternative and possibly related proposal for dark matter:

Dark KK Gravitons as Dark matter candidates.

[E. Gonzalo, M. Montero, G. Obied, C. Vafa (2022)]

[L. Anchordoqui, I. Antoniadis, D.L.,  arXiv:2210.02475]

Also masses of elementary particles can be related to the 
cosmological constant by swampland arguments:

Neutrino mass:
[E. Gonzalo, L. Ibanez, I. Valenzuela (2021)]
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But still question big questions about dark energy: 

Stabilization of dark radius?

Can there be a de Sitter vacuum in quantum gravity?

Time dependent dark energy - quintessence models?
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Can there be a de Sitter vacuum in quantum gravity?

Time dependent dark energy - quintessence models?


