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Outline 
1)  Why and which  Supersymmetry ?   
-    The hierarchy problem : low-scale dynamics or UV 

intelligent completion ? 
-     Dark Matter 
-     Unification of gauge couplings 
2)  Nonlinear SUSY and cosmology 
3)   High-scale SUSY, Higgs mass, dark matter and inflation  
4)  SUSY perspectives ? 
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1) Why and which  supersymmetry ? 
 •  In july 2012, LHC discovered the Higgs boson. No signs of 

deviations in its couplings: maybe the first elementary scalar ?    
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• Are fundamental scalars required by fundamental 
symmetries or principles ? 

         YES, SUPERSYMMETRY 
 
 Fermions                       Bosons 
                                          
 Unbroken SUSY                                       
 
  Broken SUSY, TeV splittings =   Low-energy SUSY  

              

4 

   

mF = mB
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a) The hierarchy problem  (mis?)guided  BSM physics for  
the last 30 years. Quantum corrections to the Higgs mass in 
the SM are UV sensitive 
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Low-energy Supersymmetry  naturally adresses 
some of the   mysteries of the SM: 
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In SUSY models, cancelation between fermionic and bosonic 
loops removes the UV sensitivity 
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Most known solutions to the hierarchy problem:  
SUSY, large Xtra dims, compositeness/technicolor, 
 imply low-energy dynamics   
(notable exception : relaxion, models not fully convincing yet) 
 
 
What if nothing is found at LHC ? 
 
§  We are unlucky, new physics still « around the corner », 

moderate unexplained tuning: heavier SUSY spectrum (mini-
split),  etc 

§  We were naive: no low-energy physics and anthropic/
landscape explanation for the electroweak scale 

§  Nature is subtle:  intelligent UV completions explain the 
hierachy problem.  
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b) Dark Matter Candidate: LSP (=WIMP), protected by  
R-parity ?  
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WIMP miracle still attractive  possibility, but shaken more and 
more  by direct DM constraints 
 
Plethora of other possibilities: FIMP’s, axions, SIMP’s… 
Early Cosmology could be very different.  
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c) Gauge coupling unification around                  GeV,     
close to the energy scale during  inflation. Coincidence ?                             

2⇥ 1016
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2) Nonlinear supersymmetry and Cosmology 
 
 
 
 
 
-  Local supersymmetry implies Einstein gravity 

- Inflation with super-Planckian field variations need 
  an UV description                  String Theory   
-  Supersymmetry crucial in String Theory, can ensure quantum 

stability of inflaton potential 
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§  Some advantage of having certain type of high-scale SUSY 
breaking = Nonlinear SUSY in cosmology : 

(less scalars fields, no inflatino, no Polony fields,etc) 
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Activity in the last 3 years on nonlinear realizations in 
supergravity,  based on constrained superfields, from the 
viewpoint of:  
-  geometrical origin of the Volkov-Akulov model in SUGRA 
  

X2 = 0 $ (R� �)2 = 0

- inflation, minimal models with SUSY breaking:  

Chiral superfield; Goldstino  
=  spin ½ fermion, no scalar 

Curvature superfield 
Goldstino =                                  , 
pure SUGRA (no matter)  

gravitino 

X(�+ �̄) = 0
contains only the inflaton (real scalar), no inflatino,  
no scalar partner 

�

- moduli stabilization: X as uplift in KKLT.  

(1/�)�mnDm n
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Disclamer:  
 
Low-energy SUSY is  the only known framework   
naturally incorporating a), b) , c) , d)   
simultaneously, 
 
 but the SUSY breaking scale is unknown and superpartners  
denied to show up until now at LHC…     
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       Supersymmetry breaking mistery 
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Supersymmetry breaking is the key question:   
its origin and transmission to Standard Model fields:  
 
§  Is it Gravity Mediation ? 
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§  Or gauge mediation ?  
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•   *High-scale SUSY                                                      
 

§  or maybe a perturbative SUSY breaking in string theory  
=  high-scale breaking ?   

Broken SUSY* 

TeV << msparticles . Ms

There are various ways of breaking SUSY in string theory, most 
lead to high-scale SUSY breaking.  
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Higgs scalar mass versus scalar masses in split and 
high-scale SUSY models ( from Giudice-Strumia (2011)) 
With O(10-100) non-degeneracy, sparticles masses can be  
much heavier (S.Ellis, J. Wells, 2017).  
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2)   High-scale SUSY, Higgs mass,  
            dark matter and inflation  
 Do we necessarily give up all advantages of SUSY by breaking 
it at a high-scale ?   
One potential example of Intelligent UV Completion: 
 SUSY theory with extra dimensions, with: 
- magnetic fields in the internal space   
 breaking SUSY due to the magnetic coupling 
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MSUSY ⇠ MGUT ⇠ R�1H = �µB = � q
mSB

Charged states turn KK states into Landau levels, mass 

�M2 = (2n+ 1)|qB|+ 2qB⌃56
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F56 = B
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Internal components of the gauge fields are massless at tree-
level. At one-loop, an infinite tower of Landau levels contribute 

Although each contribution is quadratically divergent, scalar mass 
is  protected by the magnetic field 
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m2
h = c

16⇡2B ⇠ 1
16⇡2R2
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The final 4d effective action for Landau levels is 
 
                                                                  FI term 

action as in Sec. 2,
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⇤
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The last contribution we have to add leads to a kinetic term for the complex Wilson
line ' as well as a Fayet-Iliopoulos (FI) term5
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Note again that compared to [10] our action di↵ers by an integration by parts. This is
important since the boundary terms do not vanish in the flux background. In summary,
the 4d e↵ective action with the complete tower of charged states and a restriction to
the zero modes in the uncharged sector reads
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In order to obtain the mass spectrum of the charged fields and their interactions
with the uncharged field ' one has to integrate out the auxiliary fields. The bosonic
mass terms receive contributions from F - and D-terms, whereas only the F -terms enter
for the fermion masses. The couplings of the auxiliary field D are given by
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5
Here, we use @� = @� = f/

p
2 in the flux background, since @' = 0 = @', and @V = 0 = @V .
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                               Coupled mass terms 
 
•  SUSY broken like in the FI model, with an infinite number of 

fields. Truncation to a finite number inconsistent.   
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We believe this is not an accident:  a higher-dimensional 
symmetry is spontaneously broken by the magnetic flux   

 
§  Coupling to gravity will break explicitly the global symmetry, 

and provide a Higgs mass 
    
 
§  It remains to be seen if this mechanism can work in realistic 

models…  

mh << R�1 = MSUSY

E. Dudas – E. Polytechnique  

The total contribution to the mass is  exactly zero  
(W.Buchmuller,M.Dierigl, E.D.,J.Schweizer, 2017) 



Gravitino dark matter high-scale SUSY  
•  In various models with high-scale SUSY breaking, gravitino is 

parametrically lighter than other superpartners                
 low-energy theory is Standard Model + gravitino, 
+ effective interactions   

21 
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Another way to describe the two goldstinos interactions to matter is to replace the
superpartner soft mass terms by couplings between the goldstino superfield and the matter
superfield multiplets. One can integrate out the heavy (superpartner) components and
to eliminate them as a function of the light degrees of freedom : the SM fields and
goldstino. This leads to an e↵ective low-energy theory where the incomplete multiplets
are described in terms of constrained superfields [?,?]. The kinetic terms of the sparticles
will then lead to dimension-eight operators containing two goldstinos and two SM fields
that generically di↵er from the ones computed from the low-energy theorem couplings [?].
For the gauge and the SM fermion sectors, the resulting cross sections only di↵er in the
angular distribution and numerical constants, whereas the energy dependence is the same
as for the low-energy theorem couplings.

3.2 Computation of the gravitino relic density

During the calculations below, we make three assumptions:
1. The freeze-in condition:

P
i
neqih�vii < H at TRH .

2. m3/2 < TRH . This simplifies the calculation at high temperature by taking goldstino
as massless and neglect its helicity 3/2 component e↵ect.
3. The production is dominant at high temperature, therefore we will neglect low tem-
perature e↵ects like electroweak symmetry breaking.

Later one will see the result that fits the dark matter relic abundance can automatically
satisfy the above constraints for most range of the Supersymmetry breaking scale between
TeV to MP l.

We label the four degrees of freedom of the SM Higgs doublet as h1, h2, h3, h4. Their
scattering includes six channels: h1h1, h2h2, h3h3, h4h4, h1h2, h3h4. The first four have
the same cross section:

�2h1!2G =
E

6

160⇡F 4
, (11)

4

Goldstino (longitudinal component gravitino) Matter energy-momentum tensor  

f = m3/2MP is the SUSY breaking scale 

Such a gravitino is generically not in thermal equilibrium with SM 
particles 
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If gravitino not produced significantly during reheating, then it is 
produced from SM particles via effective interactions, freeze-in 
(Benakli,Chen,E.D.,Mambrini, 2017)   

8

D. Neutrino Masses

Neutrino masses. We can use the double see-saw de-
scribed in [48] where SO(10) is broken with a 1̄6H and is
coupled to the matter 16 and the inflaton.

E. Dark Matter

One of the main motivations of this model is its ability
to account for the dark matter in the form of gravitinos
with masses m3/2 & 0.2 EeV. Because the supersymmet-
ric particle spectrum lies above the inflaton mass, the
dominant mechanism for gravitino production becomes
SM + SM ! 2 gravitinos with longitudinal polarizations
[9, 10] or the decay of the inflaton directly to gravitinos
depending on the reheating temperature.

The gravitino production rate was derived in [9]
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2h�vi ' 21.65⇥ T
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F 4
, (40)

where n is the number density of incoming states. This
temperature dependence can be understood as follows:
since n / T
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assuming instantaneous decay and thermalization. Thus,
thermal production of gravitinos with m3/2 > 0.2 EeV
would require TRH > 3⇥ 1010 GeV.

It is known however, that the reheating process is not
instantaneous, and that the temperature of the Universe
during inflaton decay can exceed TRH by orders of magni-
tude [31, 69] up to a value Tmax. Due to the strong tem-
perature dependence of the gravitino production cross
section, there will be significant production of gravitinos
at Tmax which is not fully diluted by the entropy pro-
duced in subsequent decays. The final gravitino abun-
dance in this case (with � / T

6) relative to the instan-
taneous approximation is [70]
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for inflationary models of this type.

For the inflationary model discussed above, there are
many possible decay channels all of which are Planck sup-
pressed. The decay channel given in Eq. (34) is ordinar-
ily (with weak scale supersymmetry breaking) negligible
as µ2

/(mIMP ) ⌧ 1. However, in our case, since µ > mI

(mI ⌘ m), this is actually the dominant inflaton decay
mode t ! Hu,dH

⇤d,u which ultimately corresponds to a
decay of t ! hh where h is the SM Higgs boson. The
decay rate to two Higgs bosons is [44]
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noting that ↵ = � in the high scale SUSY limit.

If we define an e↵ective Yukawa-like coupling, yI =

µ
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p
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the reheating temperature in terms of yI [10, 29, 31]
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(45)
where gs is the e↵ective number of light degrees of free-
dom in this case set by the Standard Model, gs = 427/4
and c ⇡ 1.2 is a constant. We can then re-express the
relic abundance (41) as function of yI :
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which can also be written
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where we have included the enhancement factor r3/2 from
Eq. (42). The enhancement factor depends on lnµ, and
for the range of µ values considered here (roughly 1014�
1015 GeV), r3/2 varies very little and we take it as a
constant r3/2 = 25.

The value of µ needed to obtain the correct relic den-
sity of gravitinos is shown by the solid line in Fig. 5 using
Eq. (46). It is rather amazing that independent of the
supersymmetric particle spectrum discussed above, the
value of µ needed for the correct abundance of gravitinos
is in the range of roughly 3-30 times the inflaton mass.
This is exactly where one might expect the Higgsino mass
to lie given our spectrum of heavy scalars and gauginos.

It is also possible that µ takes values below the solid
line in Fig. 5. In that case, the abundance of gravitinos

Possible to have models compatible with: 
- relic density 
- reheating to SM particles (superpartners masses >                   ) 
-  SUGRA models with inflation and SUSY breaking, if  

2

relation between the neutralino and gravitino masses,

m� > 300GeV(m3/2/GeV)2/5 (2)

for C ⇠ 1. Thus avoiding the limits from BBN will re-
quire a rather heavy susy spectrum for TeV scale (and
above) gravitino masses. We note that the relaxation of
the BBN bound at 100 s requires satisfying the upper
bound on the density of decaying particles of roughly
[20], m�n�/n� . 7⇥ 10�9 or equivalently, ⌦�h

2 . 0.3.

In addition to the BBN constraints, there is an ad-
ditional constraint coming from the relic density of the
NLSP whose decay contributes to the relic density of
gravitinos [16–18]. The gravitino relic density from NLSP
decays can be written simply as

⌦3/2h
2 =

m3/2

m�

⌦�h
2 (3)

and thus the NLSP relic density is limited by

⌦�h
2 . 0.12

m�

m3/2
(4)

where 0.12 is the approximate upper limit on the cold
dark matter density from Planck [26]. As long as m� is
not much greater than m3/2, the NLSP density is con-
strained to be near the cold dark matter density. Even
in the event that m� � m3/2, the relic density of the
NSLP is still constrained by the BBN unless its lifetime
is very short (< 0.1 s) and would lead to an increase in
the lower limit on m� in Eq. 2 by a factor of ⇠ 3.

Thus as we attempt to increase the mass of a gravitino
LSP, we are forced to higher NLSP masses to insure both
a relatively short lifetime and low relic density. For ex-
ample, for m3/2 = 2 TeV, we must require m� & 6 TeV
(to obtain ⌧� < 100 s) if ⌦�h

2 . 0.3 and m� & 20
TeV (to obtain ⌧� < 0.1s) for larger ⌦�h

2. Generally, it
is very di�cult to obtain an acceptable neutralino relic
density when the neutralino masses broach the TeV scale
[27]. In particular, the netralino relic density in the TeV
regime must be regulated by either some strong resonant
process or co-annihilation. Indeed, the strongest such
process involves the co-annihilation with the gluino [28–
31]. pushing the mass scales to their limit (when the
neutralino and gluino masses are degenerate) an upper
limit to the neutrlalino mass of roughly 8 TeV was found
[29–31]. This translates (using Eq. 2) to an upper bound
on the gravitino mass of roughly m3/2 < 4 TeV.

III. HIGH SCALE SUSY BREAKING AND
INFLATION - EEV SCALE GRAVITINOS

A. High scale SUSY

In order to beyond the derived upper limit on the grav-
itino mass of 4 TeV, we must make a more substantial

departure from the common paradigm of weak scale su-
persymmetry. In this section, we consider the possibility
for higher gravitino masses along with a very high susy
breaking scale, leaving only the gravitino surviving at low
energies as a dark matter candidate.

As we demonstrated in the previous section, a gravitino
mass in excess of 4 TeV, would require a susy spectrum in
excess of 8 TeV in order to obtain NLSP lifetimes short
enough to be compatible with constraints from BBN.
However, even in the limit of degenerate neutralinos and
gluinos, strong co-annihilation are insu�cient to lower
to the NLSP to acceptable levels. Further increasing the
susy mass scale, weakens the interaction strengths, lower-
ing the annihilation (and co-annihilation) cross sections,
leading to an overabundance. Without resorting to some
unknown form of dilution, one possibility for larger grav-
itino masses is to move the susy matter spectrum to such
high scales, so that susy particles were never part of the
thermal bath after inflation.

To completely remove the supersymmetric particle
spectrum from the thermal history, we must assume
that the susy mass spectrum is larger than both the in-
faltionary reheating temperature, TR, and the inflaton
mass, m�, so as to prevent susy particles from being
produced by either thermal process during reheating or
by the decay of the inflaton. Here, we will not tie our-
selves to a particular inflationary model, but note that
in many models considered, the inflaton mass is set by
amplitude of density perturbation seen in the microwave
background, and yields a value of roughly 3⇥ 1013 GeV.
When we need to refer to a specific example, we consider
a no-scale supergravity model of inflation [32] which leads
to Starobinsky-like inflation [33].

If we denote as F the order parameter for supersym-
metry breaking, then typical soft susy masses will will be
proportional to F ,

MSUSY =
F

⇤mess

(5)

where ⇤mess is the mass scale associated with the me-
diators of supersymmetry breaking. We expect ⇤mess �

MSUSY . Thus MSUSY > m� translates to F > m
2
�
. The

gravitino mass is also determined by F [34],

m3/2 =
F

p
3MP

(6)

And hence we have a lower bound on the gravitino mass
given by

m3/2 >
m

2
�

p
3MP

' 0.2EeV (7)

Thus we have a gravitino mass gap between 4 TeV and
0.2 EeV which remains cosmologically problematic.

However, by increasing the susy mass scale, we have
also removed most of the standard gravitino production

-  EeV =          GeV   gravitino mass optimal choice, without 
spoiling inflaton flatness (E.D.,Mambrini, Olive + Gherghetta, 2017)  
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FIG. 1: Region in the parameter space (m3/2;TRH) respecting
the relic abundance constraint [49, 50] from Eq.(16). The points

above the black line are excluded because gravitino would
overclose the Universe. The blue line constraint is from the Higgs
mass with an observed value 125 GeV, which sets a upper limit

for the scale of supersymmetry breaking (Eq.4).

Our result is plotted in Fig.(1) where we represent the pa-
rameter space allowed by the relic abundance constraints
⌦3/2h

2 ' 0.12 [49, 50]. As we notice, there exist a large
part of the parameter space allowed by cosmology, giv-
ing reasonable values of TRH ' 105 � 1010 GeV for a
large range of gravitino masses MeV-PeV. The region
below the orange (dashed) line is excluded as the grav-
itino would be too heavy to be produced by freeze–in
mechanism, whereas the region above the green (dotted)
line corresponds to a freeze out scenario. In the latter
region, the production cross section h�vi is su�ciently
high to reach the thermal equilibrium. This occurs when
nh�vi & H(TRH) ' T 2

RH/MPl. A quick look at Eq.(12)
shows that such large cross section is obtained for high re-
heating temperature or small values of F (and thus light
gravitino), explaining the shape of the green region in
Fig.(1). However, once the gravitino is in thermal equi-
librium, its density is given by the classical Freeze Out
(FO) mechanism

⌦FO
3/2 =

n3/2m3/2

⇢0c
) ' 0.1

⇣ m3/2

180 eV

⌘
(17)

which corresponds obviously to the intersecting point in
Fig.(1).

There exists potentially another non-thermal source of
gravitino production: the decay of the NLSP. Indeed,
this contribution also exist in standard supersymmetric
framework, through the relic abundance produced by the
decay of the NLSP (usually a sfermion f̃) into f̃ ! G f .
This process being proportional to neq

f̃
, is highly Boltz-

mann suppressed in our scenario where TRH ⌧ MNLSP .
But there still exists some parameter space when NLSP
are in equilibruim. Then the production of goldstinos is
a combination of the decay of NLSP, QCD process and
SM freeze in. An analysis in scenario with very low TRH

(. GeV ) can be found in [30].

FIG. 2: The parameter space for MNLSP . It must be
lower than

p
F . The blue line corresponds to

ngh�vigg!g̃g̃ = H. Below the line, NLSP is still in
equilibruim and can decay to gravitino.

C. Comments on the R-parity violation operators

R-parity violation operators can also be introduced in
the high-scale supersymmetry scenario discussed in this
work. The corresponding operators involving goldstino
fields include dimension-five operators as

µi

F
liI�

µḠDµhj + h.c, (18)

dimension-six ones as [51]

iCI

F
✏ij(l

i
I@µG)Dµhj + h.c, , (19)

and dimension-eight operators of the form

�
00

ijk

m2

iF
uidj⇤(dkG) ,

�
0

ijk

m2

iF
qilj⇤(dkG) ,

�ijk

m2

iF
lilj⇤(ekG) ,

(20)
plus permutations. Here µi and C are dimensionful and
dimensionless coe�cients respectively, lI are the three
lepton doublets in the SM and m2

i are soft terms of the
heavy superpartners that were integrated out. The 2! 1
gravitino production through these operators will be sup-
pressed at temperatures higher than the gravitino mass
and only become important at late times, therefore do
not need to be considered for the production of gravitino
dark matter.

When R-parity is violated, the gravitinos are no more
stable but can decay, giving rise to observable signatures.
The latter are independent of the production mechanisms
and the previous analysis in the literature apply to our
case. The relevant operators can be derived from the
above but should be written using the gravitino field.
Since the heavy supersymmetric particles decouple in our
case, the coe�cients of the R-parity violating operators
are not necessarily constrained from preserving baryon
asymmetry as in previous studies [53].

However, one characteristic of our construction is that
it allows for very heavy gravitino (above the PeV scale).
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FIG. 1. Region of the parameter space allowed by PLANCK
constraints [32] in the plane (m3/2, y�) for di↵erent values of the

branching ratio B3/2 and m� = 3 ⇥ 1013 GeV (see the text for
details).

where we have set c = 1.2. The cosmological constraint is
plotted in Fig.(1) in the (m3/2, y�) plane, where we show
the region allowed by PLANCK [32]. The black (solid)
line represents the PLANCK constraint ⌦h2 = 0.11. One
immediately sees the linear increase in the Yukawa cou-
pling y� with increasing gravitino mass in order to coun-
terbalance the weakening of the e↵ective coupling 1/F
responsible for its production in the thermal bath.

A large inflaton-matter coupling produces a high re-
heating temperature, which in turn increases the grav-
itino abundance. Then, as one can see from Eq.(11), the
solid curve in Fig. 1 is an upper bound on y� to avoid
an overabundant gravitino. In fact, one can extract an
upper bound on y� independent of m3/2 simply requir-
ing m3/2 < TRH , a necessary condition for the gravitino
to be thermally produced. The condition m3/2 < TRH

implemented in Eq.(11) with the expression (10) gives

y� . 1.6⇥ 10�3

✓
3⇥ 1013 GeV

m�

◆1/2

, (12)

shown as the horizontal dashed line in the Figure 1. We
can then extract the maximum reheating temperature
TRH . 1.1⇥1012 GeV. Combined with the condition (7)
m3/2 > 0.2 EeV, the relic abundance constraint (9) gives

2.7⇥ 1010 GeV . TRH . 1.1⇥ 1012 GeV (13)

which is a strong prediction of our model.

D. Gravitino production by inflaton decay

It is also possible to produce gravitinos through the
direct decay of the inflaton. For example, in no-scale

supergravity models of inflation, the decay of the infla-
ton to gravitinos is highly suppressed. In simple models,
there is no coupling at the tree-level [51]. However, it is
possible to couple the inflaton to moduli without spoiling
the inflationary potential [41, 42]. We can parameterize

the decay to a pair of gravitinos as �3/2 = m�

y
2
3/2

72⇡ .

The branching ratio of decays to gravitinos is then

B3/2 = �3/2/�� =
|y3/2|2

9y2
�

. (14)

Using the result from [41] for the gravitino abundance
produced by inflaton decay at the epoch of reheating, we
get

n3/2

n�

⇡ 3.6B3/2
(��MP)1/2

m�

⇡ 0.7B3/2y�

✓
MP

m�

◆1/2

(15)
corresponding to

⌦decay

3/2 h
2 = 0.11

✓
B3/2

1.3⇥ 10�13

◆✓
y�

2.9⇥ 10�5

◆
(16)

⇥
⇣

m3/2

0.1 EeV

⌘✓
3⇥ 1013 GeV

m�

◆1/2

.

today.

The condition (7) is then translated into

B3/2y� =
|y3/2|2

9|y�|
. 1.9⇥ 10�18

✓
0.1 EeV

m3/2

◆
(17)

for m� = 3 ⇥ 1013 GeV. Contrary to the case of ther-
mal gravitino production, our limit to the coupling y�

is strengthened as m3/2 is increased when gravitino pro-
duction occurs through inflaton decay. Since the den-
sity through the decay of the inflaton is proportional to
n�B3/2m3/2, where m�n� is the inflaton energy density,
the limit on the coupling is improved when either the
branching ratio or the gravitino mass is increased.

This result is also shown in Fig.(1) where we clearly see
the changing in the slope for larger value of B3/2 > 10�19

where the direct production from inflaton decay may
dominate over the thermal production. We note that the
constraints obtained on the inflaton coupling to graviti-
nos are strong. We recall, however, that in no-scale mod-
els of inflation [41, 42, 51] and in classes of inflationary
models with so-called stabilized field [52, 53], this cou-
pling is naturally very small. Finally, we point out that in
the case of the direct production of the gravitino through
inflaton decay, both the ±3/2 and the ±1/2 components
of the gravitino populate the Universe, whereas in the
case of thermal production (Eq.9) only the longitudinal
goldstino component contributes to the relic abundance.
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§    Low-energy SUSY still the best option nature has to address   
misteries of the Standard Model.  Imaginative non-minimal       
SUSY extensions welcome  

 
§   SUSY seems a good bet at very high-energy: inflation,string 

theory, but scale of SUSY breaking unknown 
 
§   Worth checking if  high-scale SUSY breaking destroys all nice 

features of SUSY constructions. Easier in string theory 

§   Intelligent UV completions are maybe possible, with no new 
particles at low-energy. DM could be a heavy gravitino. 

§   If high-scale SUSY, the big question is testability. Some 
hopes: « Cosmological collider » (Arkani-Hamed,Maldacena),  high-
energy events (ICECUBE)… 



THANK YOU 
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