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This talk is dedicated to the memory of my friend and 
collaborator Graham Ross 
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A transparency in 2011 Grahams ‘retirement’ fest
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A transparency in 2011 Grahams ‘retirement’ fest
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Discovery of the gluon (DESY 1779)



A transparency in 2011 Grahams ‘retirement’ fest
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2.6 Low energy supersymmetry and the MSSM 51

2.6.2 The MSSM fields and unification

One can easily construct SUSY versions of the grand unified theories of section 1.2,
dubbed SUSY-GUTs. For instance, the multiplet structure for SU(5) SUSY-GUTs
is shown in table 2.2. The models require additional Higgs scalars �24 in the adjoint

Vector Multiplets Chiral Multiplets

S=1 S=1/2 S=1/2 S=0

Aµ
SU(5) �̃SU(5) ( 5+ 10) ( 5̃+ 1̃0)

H̃5, H̃5 H5, H5

Table 2.2 Field content of SU(5) SUSY-GUTs.

24 (and their fermion partners �̃24) in order to break SU(5) down to the SM. The
usual Higgs doublets are contained in chiral multiplets H5, H5 in the 5, 5 of SU(5).

Figure 2.1 Qualitative picture of gauge coupling unification in SU(5) Grand Unification,
for the non-SUSY (dashed line) and SUSY case (continuous line).

The SUSY models retain many qualitative properties of their non-SUSY counter-
parts, but with relevant quantitative di⇥erences. For instance, gauge coupling unifi-
cation improves as depicted in figure 2.1. Numerically, it di⇥ers from the non-SUSY
case in the extra SUSY particle contributions to the running of gauge couplings.



 …he was a pioneer of string phenomenology, e.g.

 …first phenomenological
 study

 of a  3-generation
 CY heterotic compactification

 …and many other contributions to the area..…
(e.g. collaborations with Lukas, Lutken, Leontaris, Ghilencea,….)
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 …Planck 2010, Geneva…..

 …Some pictures…..



 …Madrid, ‘Is SUSY alive and well’ worshop, 2016…..
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Graham Fest, Oxford 2011



Corfu 2009



CERN 1987



‘Auberge des Chasseurs’, close to Geneva, summer 2019….then COVID came…
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Thanks very much 
Graham for your 

friendship 
and for your 

great physics !!!!!!!  

Close,Ellis,Sarkar
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Sadly, we suffer another shock 
with the death of Costas…..
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 QG and UV-IR connection
•  Traditionally (Wilson) one parametrizes effects of QG on an EFT 

•  But there are hints that  this procedure is incorrect  in the presence 
of QG e.g.

UV and IR scales otherwise unrelated

-  Duality symmetries map light to heavy modes
-  BH high energy scattering

•  The precise relation between UV and IR in QG yet to be elucidated. 
A simple parametrization in an EFT could be provided by

⇤UV . ⇤�
IRM

1��
D , � < 1

UV and IR scales correlated
(constraint trivial as MD �! 1 : Swampland)

MD = D � dimensional P lanck scale
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•  Such correlation was first proposed by Cohen, Kaplan and Nelson 
(1999) (see also Banks+Drapper (2019), Cohen-Kaplan (2019)) based 
on holographic arguments                   (CKN famous, > 1100 citations…!)

⇤UV . ⇤�
IRM

1��
D , � < 1

•  They argued this type of correlations would have an impact in SM 
Feynman graph computations like e-g  (g-2) 

They vary ⇤UV ,⇤IR to estimate minimal size of corrections

• Not clear what  the UV cut-off is and how it can vary as we vary the IR.
Not clear how the # QFT states as depleted as           decreases           

•  We revaluate holographic constraints in the context  of the Swampland 
ideas, which lead to a reinterpretation of the cut-offs ⇤UV ,⇤IR

⇤IR
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•  We argue that in QG one should identify 

•  In AdS, natural to take  

•  We comment on application to the dS case and the universe

⇤UV with the ‘species‘ scale

•  This provides for an understanding of why                                                                   
(due to the emergence of towers of states)

⇤UV decreases as ⇤IR ! 0

• We find  ‘covariant entropy bound’ (Bousso) implies:

(p parametrizes density of tower)

⇤IR ⇠ L�1
AdS �! 0AdS distance conjecture0

(related holographic application to the distance conjecture : talk by J.Calderon)

• Caveat: our use of holographic bounds will be mostly heuristic

Lust,Palti,Vafa 2019 
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• Scale             at which QG effects can no longer be ignored                           

The species scale 

1

⇤D�2
QG

⇠ N

MD�2
D

⇤QG

•  N   is the number of species (degrees of freedom in loop)                       

• In large moduli limits  of QG and Strings examples those species  
come in towers of KK or string states                       

• Note as  N grows , the scale of QG                      ⇤QG �! 0

•       is in general  moduli  dependent                       ⇤QG

• Loop corrections to Newton’s constant                         
Dvali, 2010 
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Towers of states
• One can parametrise the masses of the states in the towers                      

• One single KK tower:  p=1   , N is the number of species                   

Mn = n1/p Mtower ⇤p = N Mp
tower

Examples:

• Two towers                    

e.g. 2 KK towers with same mass scale                      p=2    Mtower

Nesp ' N1N2 ⇤QG ⇠ MD

(N1N2)1/(D�2)

M2
n1,n2

= n2/p1

1 M2
tower,1 + n2/p2

2 M2
tower,2

Mtower ⌘ (Mp1
tower,1M

p2
tower,2)

1/p p = p1 + p2

⇤p = Mp
towerN



• Other example: KK step much smaller than scale                                     

However 

(well known example D0-D2 states in  Type IIA 4D N=2 at large  Kahler moduli)

N1 � N2 ⇠ 1 Mtower,1 ⌧ Mtower,2 ⇠ ⇤QG

p1 = 1 , p2 = 1 Nesp ⇠ N1

• String tower:                                     

Nesp ⇠ e
p
N �! p = 1 (not p=2)

The number of levels N is of order                  : 

⇤QG ⇠ Mstring

Mn = n1/2 Mstring ; ⇤ ⇠ N1/2 Mstring

log(Nesp)

M2
n1,n2

= n2/p1

1 M2
tower,1 + n2/p2

2 M2
tower,2 ⇠ n2

1M
2
tower,1 + M2

tower,2



• For k KK-like towers one can define an effective (geometric average)  
tower mass:                                     

Mtower = (Mp1
1 ...Mpk

k )1/p p =
X

pi

N = ⇧iNi
• Then                             ⇤p

UV = Mp
towerN

and using the species scale expresion:

⇤UV = Mp/(D�2+p)
tower M (D�2)/(D�2+p)

D

(valid also for a string tower                    )p = 1

• The species scale is not directly related to the lightest tower scale but 
rather to the ‘geometric average’ of the scales                                   



• The argument for a UV-IR connection will be based in the covariant 
entropy bound (Bousso (1999))  as applied to a spherical surface                                   

Explicit UV-IR connection

Holography and UV/IR connection

• Beckenstein 1981: ‘ The entropy in a region of space is bounded by the 
BH entropy that can be stored in a region of the same size’                                  

• Maximal field theoretical entropy (extensive):                                 

Sphere of radius L = 1/⇤IR

EFT with UV cut� off ⇤UV

SEFT ⇠ (⇤UV L)
D�1

• Blackhole entropy (like the surface)                                SBH ⇠ LD�2MD�2
D

SEFT  SBH ⇤UV . (⇤IR)
1

D�1 M (D�2)/(D�1)
D

Note trivial if MD ! 1 (Swampland� like)

CKN , 1999 



As L grows more and more particles below the species scale: Suggestive of Towers  

Comments:

• As we make the box large, the UV cut-off must go down. But how?                                

⇤UV . (⇤IR)
1

D�1 M (D�2)/(D�1)
D

• We argue that in QG we should identify            with the species scale:                                 ⇤UV

• May be understood as a smooth transition from an extensive to a 
holographic entropy:  allow           to depend on     :                              ⇤UV L

dSBH ⇠ (⇤UV (L))
D�1d(LD�1) ⇠ (⇤UV (L))

D�1LD�2dL

extensive S becomes holographic if                                     as above  ⇤D�1
UV (L) ⇠ 1

L

⇤UV ⇠ MD

N1/(D�2) N & L(D�2)/(D�1)
L.I.,Castellano,Herraez, 2021 



⇤UV

L L

N
⇠ 1

L(D�1)
⇠ L

(D�2)
(D�1)

to mantain SEFT . SBH as L grows :

the cut�off must go down (which happens due to emergence of towers of species)



• Asume that the increasing number of species comes in towers as in 
QG examples. Combining:                                

⇤UV . (⇤IR)
1

D�1 M (D�2)/(D�1)
D ⇤UV = Mp/(D�2+p)

tower M (D�2)/(D�2+p)
D

Mtower . ⇤2↵D
IR M1�2↵D

D ↵D =
D � 2 + p

2p(D � 1)

depends on 
tower structure One has in general Mtower ⇠ ⇤2↵

IR with

↵D =
D � 2 + p

2p(D � 1)
 ↵  (D � 1)↵D

from ⇤IR,Mt . ⇤UVNatural application: AdS distance conjecture

(Will not discuss here the possibility of gravitational collapse considered by CKN,
which leads to somewhat analogous results, although somewhat different            see paper )↵D

L.I.,Castellano,Herraez, 2021 



Then an infinite  tower of states with characteristic scale                   must exist 

AdS distance conjecture 

• Consider a family of AdS vacua with c.c.                                          V0 �! 0

mtower

Strong version:                                                    (no scale separation) ↵ =
1

2
in SUSY theories

Also conjectured that in general ↵ � 1

2

Also that it is valid for dS with ↵ <
1

2

mtower ⇠ |V0|↵M1�D↵
D

Lust,Palti,Vafa 2019 



Taking                             

Holography and the AdS distance conjecture 

• In AdS there is a natural infrared cut-off:

However here                     is  the ‘average’ tower mass scale
 (not always=lightest mode scale) and we have specific bounds                            

LAdS ⇠ |⇤c.c.|�1/2

⇤IR ⇠ |⇤c.c.|�1/2 ⇠ |V0|�1/2 holographic bound gives:                             

Mtower . |V0|↵DM1�D↵D
D ↵D =

D � 2 + p

2p(D � 1)

• Remarkably, this reproduces the AdS distance conjecture 
Mtower

•  The AdS distance conjecture may be understood in holographic terms:

As                       the species scale (and associated towers) become light 
to avoid the associated entropy to be too large violating Bekenstein bound                  

V0 ! 0

L.I.,Castellano, Herráez, 2021



allows for  scale separation                             

 Note for p = 1 , ↵ � 1

2
for any dimension D

 For limit (e.g. strings)                                        p = 1 , ↵ � 1

2(D � 1)

no scale separation: EFT makes no sense                             

p = 1

p = 1

This is the case of DGKT-CFI 4D  N=1 models in which                                                                    
                            

In 4D : ↵ � ↵D with
1

6
 ↵D  1

2

Scale separation  not necessarily forbidden  based on these holographic arguments                          

Geometric Mtower ⇠ Mstring

1

2(D � 1)
 ↵min  1

2

 Thus depending on p:                                       



which is in agreement with string theory examples in the literature                        

The distance and dS rate constants 

• Interesting results may also be obtained for the distance conjecture if 
we make use of the ‘local dynamical cobordism’ of
 (see parallel talk by J. Calderón).   

• For the dS coefficient c, one obtains an upper bound

• Taking                                                    one obtains                       L = exp(�(D � 1)1/2/(D � 2)1/2)

�, c

which is (D-1) times larger than the TCC lower bound                        

1

[(D � 1)(D � 2)]1/2
 �min 

✓
D � 1

D � 2

◆1/2

c  2

✓
D � 1

D � 2

◆1/2

c  �

↵
�!

� = 2↵(D � 1)1/2/(D � 2)1/2 �!

mtower ⇠ e���

V 0 � c V

L.I.,Calderon,Castellano,Herráez, 2022 

Grimm et al.(2018), Gendler,Valenzuela(2021),Andriot et al,(2020), Etheredge et al (2022),….

Bedroya,Vafa, 2020

Angius,Calderon,Delgado,
Huertas,Uranga, 2022

V ⇠ M1/↵
tower ⇠ e���/↵



which is in agreement with the lower bounds we find here                         

Comparison to gravitino conjecture
• It is interesting to compare also to the range allowed by the gravitino 
conjecture (see A. Castellano parallel talk)

Mtower ⇠ m�
3/2M

1��
p as m3/2 ! 0

• In SUSY-AdS vacua                              so comparing withm3/2 =
V 1/2
0p
3Mp

Mtower ⇠ V ↵
0

• It was found for 4D N=1 sugra vacua

1

3
 �  1

↵ =
�

2
�! 1

6
 ↵  1

2
1

6
 ↵D  1

2

Castellano,Font,Herráez,L.I., 2021
Cribiori,Lust,Scalisi, 2021



provided  by the dS cosmological horizon                             

dS vacua and our universe 

• One can also argue that in dS space there is a natural infrared cut-off

The EFT entropy cannot exceed the Gibbons-Hawking bound:                             

LdS ⇠ V �1/2
0

SEFT  SGH ⇠ LD�2
dS

• Then similar bounds as for AdS are obtained:

Mtower . V ↵D
0 M1�D↵D

D

• Thus as              towers of states are expected, as in AdS. V0 ! 0

• The validity of this conjecture for dS was already suggested in the original 
formulation of AdS conjecture Lust,Palti,Vafa 2019 



• There is another relevant IR scale which is the size of the potential

• One possible argument in favour of taking                        may be  the 
‘Festina Lente’ conjecture.  Any U(1) charged particle  in dS must obey 

it has been claimed it may also apply to neutral particles related to neutrinos                             

m

21/4g
� V 1/4

0

•  Given the experimental fact that                     ,  its inverse  is also the 
length such that all Compton lengths of the Standard Model particles fit in

note that in our universe with                             V 1/4
0 ' 10�3eV

⇤(1)
IR ⇠ 10�30eV ⌧ ⇤(2)

IR ⇠ 10�3eV ⇠ m⌫

V 1/4
0

⇤IR ⇠ V 1/4
0

m⌫ ⇠ V 1/4
0

⇤(1)
IR ⌘ V 1/2

0

Mp

⇤(2)
IR ⌘ V 1/4

0

Montero, van Riet, Venken(2019)



•                  leads to a fundamental intermediate scale 

•                  leads to too  low species  scale:

Using                            ⇤UV ⇠ ⇤1/3
IR M2/3

p , Mtower ⇠ ⇤2↵
IRM

1�2↵
p 1/6  ↵  1/2

⇤(1)
IR

⇤(2)
IR ⇤UV ⇠ 108 GeV

The tower scale ranges from the neutrino and EW scales to  the cut-off                          

depending on the value of                           ↵

⇤UV ⇠ 10�2 GeV

Rudelius(2021)see also:                          

Smallness of           suggests there could be possible towers in our universe                             V0

Lust,Palti,Vafa 2019 

Montero,Vafa,Valenzuela(2022); Montero’s talk 



•                  leads to a fundamental intermediate scale 

•                  leads to too  low species  scale:

Using                            ⇤UV ⇠ ⇤1/3
IR M2/3

p , Mtower ⇠ ⇤2↵
IRM

1�2↵
p 1/6  ↵  1/2

⇤(1)
IR

⇤(2)
IR

⇤UV ⇠ 108 GeV

The tower scale ranges from the neutrino and EW scales to  the cut-off                          

depending on the value of                           ↵

⇤UV ⇠ 10�2 GeV

vanishing higgs potential?

Smallness of           suggests there could be possible towers in our universe                             V0

Rudelius(2021)see also:                          
Montero,Vafa,Valenzuela(2022); Montero’s talk 



•                  leads to a fundamental intermediate scale 
•                  leads to too  low species  scale:

Using                            ⇤UV ⇠ ⇤1/3
IR M2/3

p , Mtower ⇠ ⇤2↵
IRM

1�2↵
p 1/6  ↵  1/2

⇤(1)
IR

⇤(2)
IR ⇤UV ⇠ 108 GeV

The tower scale ranges from the neutrino and EW scales to  the cut-off                          
depending on the value of                           ↵

⇤UV ⇠ 10�2 GeV

mKK ⇠ m⌫?

Smallness of           suggests there could be possible towers in our universe                             V0

Rudelius(2021)see also:                          
Montero,Vafa,Valenzuela(2022); Montero’s talk 



Smallness of           suggests there could be possible towers in our universe                             V0

⇤UV

L
L ⇠ V �1/4

0 ⇠ m�1
⌫

L ⇠ LdS

108

10�2

towers

10�12

⇠ m⌫

↵ = 1/2

↵ = 1/2

↵ = 1/4

↵ = 1/4

↵ = 1/6

↵ = 1/6

L ⇠ V �1/4
0 ⇠ m�1

⌫

towers

L ⇠ LdS

GeV
103.5
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Independently, towers of particles may exist in our universe with scales                          

Conclusions
• The existence of UV-IR connections seems to be an important property 
of EFT’s consistent with QG.

• We have described how applying the Bekenstein entropy bound on 
such EFT’s, one can derive such a connection, implying Swampland 
constraints like, in particular, the AdS distance conjecture with

• Results also suggest for the distance conjecture and dS parameters 

• Similar constraints with same      are obtained for dS vacua

• A bold application to our present universe  with                          
suggests the existence of a fundamental scale at  

⇤IR = V 1/4
0 ⇠ 10�3eV

⇤UV ⇠ 108 GeV

10�3eV . Mtower . 108 GeV

1

2(D � 1)
 ↵min  1

2

1

[(D � 1)(D � 2)]1/2
 �min 

✓
D � 1

D � 2

◆1/2

c  2

✓
D � 1

D � 2

◆1/2

↵
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Thank you !!



Land scape

Swamp land

42Hieronymus Bosch


