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SskepticismWhy I don’t believe in SUSY

I LEP et al. nearly killed SUSY already...and so can
you

I Mass bounds.
I SUSY predicts many new particles
I Masses sprinkled around mZ



SskepticismHow to kill SUSY II

Figure 2: The phase diagram of the minimal supersymmetric SM, assuming a universal
scalar mass m2, a gaugino unified mass M , a Higgsino mass µ, and trilinear term A = 0,
with all parameters defined at the GUT scale. The top Yukawa coupling is fixed such that
mt = 172.7 GeV and tan! = 10 in the usual phase with electroweak breaking. Some
contours are shown for masses of the lightest stop (Mt̃1), the gluino (Mg̃), and the lightest
chargino (M!+). The green (gray) area shows the region of parameters allowed after LEP
Higgs searches.

involved in the conventional SU(2) ! U(1) breaking pattern (third-generation squarks and

the two Higgses).

More interesting is a special multi-critical point, separating the various Higgs phases,

that corresponds to vanishing Higgs bilinear terms (m2
1 = m2

2 = m2
3 = 0)2. This point,

which is actually a surface in the case of general soft terms, occurs at negative m2, in the

example we are considering. Moving away from the multi-critical point, di!erent phases

emerge, depending on the signs and the values of m2
1 and m2

2 at the scale MS. For positive

2These three conditions cannot be in general satisfied in the case of only two free parameters. However,
fig. 2 corresponds to fixed tan!, and thus m2

3 automatically vanishes, whenever m2
1 = m2

2 = 0.
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Giudice and Rattazzi, 0606105

So: model independent mass bounds, please



SskepticismWhy I definitely don’t believe in mSUGRA

What is mSUGRA?
I /SUSY in a hidden sector, X ∼ θ 2F
I Felt through Planck suppressed operators

I
∫

d4θZ X †XQ†
i Qi

M2
P

⊂m2q̃†
i q̃i

I Gravity is flavour blind
Solves flavour problem . . .



SskepticismWhy I definitely don’t believe in mSUGRA II

. . . or does it?!
I /SUSY communicated by quantum gravity
I Unlikely that quantum gravity respects flavour

symmetries
I (String theory doesn’t)

I
∫

d4θZij
X †XQ†

i Qj

M2
P

⊂m2
ij q̃

†
i q̃j

But please feel free to rule out mSUGRA anyway!



SskepticismMy favourite model

δm2
H ∼

g2

8π2 Λ2

!W,Z, higgstop

Figure 1: The most significant quadratically divergent contributions to the
Higgs mass in the Standard Model.

give

top loop ! 3
8!2 !2

t !
2 " !(2 TeV)2

SU(2) gauge boson loops 9
64!2 g2!2 " (700 GeV)2

Higgs loop 1
16!2 !2!2 " (500 GeV)2.

The total Higgs mass-squared includes the sum of these loop contributions and
a tree-level mass-squared parameter.

To obtain a weak-scale expectation value for the Higgs without worse than
10% fine tuning, the top, gauge, and Higgs loops must be cut o" at scales
satisfying

!top
<! 2 TeV !gauge

<! 5 TeV !Higgs
<! 10 TeV. (1)

We see that the Standard Model with a cut-o" near the maximum attainable
energy at the Tevatron (" 1 TeV) is natural, and we should not be surprised
that we have not observed any new physics. However, the Standard Model with
a cut-o" of order the LHC energy would be fine tuned, and so we should expect
to see new physics at the LHC.

More specifically, we expect new physics that cuts o" the divergent top
loop at or below 2 TeV. In a weakly coupled theory this implies that there are
new particles with masses at or below 2 TeV. These particles must couple to the
Higgs, giving rise to a new loop diagram that cancels the quadratically divergent
contribution from the top loop. For this cancellation to be natural, the new
particles must be related to the top quark by some symmetry, implying that the
new particles have similar quantum numbers to top quarks. Thus naturalness
arguments predict a new multiplet of colored particles with mass below 2 TeV,
particles that would be easily produced at the LHC. In supersymmetry these
new particles are of course the top squarks.

Similarly, the contributions from SU(2) gauge loops must be canceled by
new particles related to the Standard Model SU(2) gauge bosons by symmetry,
and the masses of these particles must be at or below 5 TeV for the cancellation
to be natural. Finally, the Higgs loop requires new particles related to the Higgs
itself at or below 10 TeV. Given the LHC’s 14 TeV center-of-mass energy, these
predictions are very exciting, and encourage us to explore di"erent possibilities
for what the new particles could be.
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To solve the hierarchy problem @ LHC, we need only
I t̃L,R < 1TeV
I W̃ < 3TeV
I H̃ < 5TeV

This would solve the flavour problem too, by the way.



SskepticismMy favourite model II

I Are theorists clever enough to think up such a
model?

I No
But see Cohen, Kaplan, Nelson, 9607394

I Is this a good reason not to look for it?
I No
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SskepticismSummary

I Theorists are not omniscient
I My favourite model doesn’t exist yet
I To kill SUSY requires model-independent mass

bounds


