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SUSY is not the 
solution to the 
dark matter crisis
John G. Hartnett

On 19 August 2016, the ‘SUSY 
Bet’ event took place in 

Copenhagen at the conference on 
Current Themes in High Energy 
Physics and Cosmology at the Niels 
Bohr International Academy. An 
adjudication of the wager on super-
symmetry (SUSY) first made in 2000 
was given. The detail of the wager is 
explained in figure 1.

Supersymmetry

What is supersymmetry? In 
particle physics, supersymmetry 
is a proposed type of spacetime 
symmetry that relates two basic 
classes of elementary particles: 
bosons, which have an integer-valued 
spin, and fermions, which have 
a half-integer spin. Each particle 
from one group is associated with 
a particle from the other, known as 
its superpartner. It has been these 
supersymmetric partner particles 
that have been sought in high energy 
particle experiments.1

The bet involved two aspects of 
supersymmetry theory:
1. That after 10 years (from 2000) 

the Large Hadron Collider (LHC) 
would have collected enough 
experimental data to confirm 
or deny the existence of the 
supersymmetric particles that the 
theoretical physicists were thinking 
about at that time.

2. That supersymmetric particles with 
sufficiently low masses would be 
discovered like “sitting ducks” (as 
Gerard ’t Hooft put it).
At the event the ‘Yes’ side of the 

bet, who believed the particles would 
be detected, conceded the loss of the 
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Figure 1. Details of the famous SUSY Bet, adjudicated on 16 August 2016
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‘No’ side. The bet was meant to 
be decided on 16 June 2016, if no 
SUSY particle was detected after 
effectively 10 years of operation of 
the LHC. The adjudication of the bet 
was extended by the ‘No’ side by an 
additional six years due to delays 
in getting the LHC online, which 
included a two-year delay due to an 
explosion.

On the larger question of the 
significance of the negative LHC 
results, a recorded video statement 
by Nobel Laureate Gerard ’t Hooft 
(who had bet against SUSY) can 
be viewed online,2 and a statement 
by Stephen Hawking (not in on the 
bet, but in the audience) claimed 
that if arguments for SUSY were 
correct, the LHC should have seen 
something, so they think nature has 
spoken and there’s something wrong 
with the idea.

The losers of the bet who spoke 
at the event—Nima Arkani-Hamed, 
David Gross and David Shih—
demonstrated the lesson about 
science that supersymmetry and 
superstring theory have taught us: 
particle theorists backing these ideas 
won’t give up on them, no matter 
what. They all took the position that 
they still weren’t giving up on SUSY, 
despite losing the bet.

Gerard’t Hooft commented 
that all evidence so far has been 
circumstantial at best. No direct 
evidence has ever been found in 
support of supersymmetry and 
hence string theory, because SUSY 
would be an essential element in 
string theory.3 String theory does not 
have any experimental support and 
SUSY has not fulfilled its promise, 
therefore it does not help us trust in 
such a theory. Therefore he found the 
‘No’ side won the bet.

Dark matter

We all know that the Higgs 
boson—the so-called God particle— 
was discovered after the LHC 

became fully operational, but SUSY 
has not been established. And the 
Higgs discovery has meant some 
very important restrictions on the 
type of fields the universe might 
have undergone in the alleged cosmic 
inflation epoch.4 However there is 
one more ramification.

It was hoped that the lowest mass 
SUSY particle would turn out to 
be a dark matter candidate. Now 
that observations have ruled out 
MACHOs5 as possible candidates 
for dark matter, WIMPs (or Weakly 
Interacting Massive Particles) are 
the only remaining contender. 
They comprise an entirely new 
class of fundamental particles that 
has emerged from supersymmetry 
theory.6

Supersymmetry is a theoretical 
idea where known elementary par-
ticles have supersymmetric partner 
particles.1 This is not part of the 
highly successful, and experimental 
tested, standard model of particle 
physics, but is an untested theoretical 
extension beyond the standard 
model. In the so-called Minimal 
Supersymmetric Standard Model 
(MSSM), which was hypothesized to 
explain the hierarchy problem (which 
is, why elementary particles have the 
various masses they do), the lightest 
stable supersymmetric particle is 
the neutralino. And the neutralino is 
the WIMP, the best hope for a dark 
matter particle.6

Conclusion

With the non-detection of any 
SUSY particles and the essential 
demise of string theory (that is how 
good experimental physics should 
work) it also does not bode well 
for dark matter. The dark matter 
crisis has just gotten into a bigger 
crisis. The best candidate has been 
experimentally shown now to be 
extremely improbable. Where 
does that leave dark matter and the 
standard model of particle physics? 

Where does that leave the standard 
big bang model and big bang 
nucleosynthesis? In big, big trouble. 
It is a failed paradigm and should be 
discarded.
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