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Figure 1. The (m0,m1/2) planes in the CMSSM (upper left), NUHM1 (top right), VCMSSM (lower left)
and mSUGRA (lower right). In each panel, we show the 68 and 95% CL contours (red and blue, respec-
tively) both after applying the CMS [19] and ATLAS [20] constraints (dashed and solid lines, respectively)
and beforehand (dotted lines). Also shown as open (solid) green stars are the best-fit points found after
applying the CMS (ATLAS) constraints in each model (see text), and as green ‘snowflakes’ the previous
best-fit points.

data are included in the fits, only the best coan-
nihilation fit is reported). In addition to the min-
imum value of χ2 and the fit probability in each
scenario, we include the values of m1/2,m0, A0

and tanβ at all the best-fit points. We esti-
mate systematic errors of ∼ 10% in the values
for m1/2 quoted in Table 1 for the best-fit points
in the CMS analyses of the CMSSM, NUHM1 and
VCMSSM, associated with the ambiguities in the
implementations of the LHC constraints and the
slow variations in the χ2 functions. In the cases
of the ATLAS analyses, we have an additional
systematic uncertainty in the implementation of

the constraint, and estimate a somewhat larger
error ∼ 20%. Table 1 also shows the values of
Mh that would be estimated in each model if the
LEP Higgs constraint were neglected.
The absences of supersymmetric signals in the

CMS and ATLAS data [19,20] invalidate portions
of the CMSSM, NUHM1 and VCMSSM param-
eter spaces at low m1/2 that were previously al-
lowed at the 95% and 68% CLs 5, but do not im-

5Strictly speaking, the ∆χ2 = 5.99 and 2.30 contours
that we plot may not always correspond exactly to these
CLs, but we ignore any possible differences here since
previous studies [14,15,17] showed acceptable coverage,
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FIG. 1: mSUGRA parameter region in M0 and M1/2 com-
patible with low-energy observables, current collider data
from LEP, SLC and the Tevatron, and the dark matter
relic density. Shown are the two-dimensional 95% and one-
dimensional 68% CL regions. Also shown is our estimate
of the potential LHC 95% CL exclusion limits in the four-
jet, zero-lepton and Emiss

T channel for different integrated
luminosities.

results are in good agreement with current LHC lim-
its at 35 pb−1 [16, 17], and with the projected ATLAS
discovery potential at higher luminosities [7], bearing
in mind that we use an improved signal estimate in-
cluding the NLO+NLL QCD corrections.

We now combine the potential LHC exclusion lim-
its, the current low-energy precision and collider ob-
servables, and the dark matter relic density constraint
in a global fit. We assume 2 fb−1 integrated lumi-
nosity as our base scenario, but also discuss the im-
pact of the LHC exclusions at 35 pb−1, and at 1 and
7 fb−1 below. The result of our combined mSUGRA
fit assuming no SUSY signal at the LHC with 2 fb−1

is shown in Fig. 2. The best fit now corresponds to
M0 = 270+423

−143 GeV, M1/2 = 655+150
−81 GeV, A0 =

763+1238
−879 GeV and tanβ = 32+18

−21, with a minimum
χ2 value of 24 for 21 degrees of freedom. The corre-
sponding sparticle mass spectrum is presented in Fig. 3
and features most probable squark and gluino masses
beyond 1 TeV.

An LHC exclusion in the zero-lepton, four-jet plus
Emiss

T channel is mainly sensitive to the squark and
gluino masses and would drive M0 and M1/2 to
larger values. The low-energy precision observa-
bles and the relic density, on the other hand, are
mainly constraining the masses of colour-neutral spar-
ticles. Supersymmetric models with common scalar
and gaugino masses like mSUGRA connect these two,
leading to a tension between the two sets of observ-
ables. In addition, for larger M0 and M1/2 both aµ
and Ωχ require an increased tanβ. It is also note-
worthy that the global fit allows areas in the SUSY
parameter space at 95% CL, which are located in the
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FIG. 2: mSUGRA parameter region in M0 and M1/2 com-
patible with low-energy observables, current collider data
from LEP, SLC and the Tevatron, the dark matter relic
density, and a potential LHC exclusion limit in the four-
jet, zero-lepton and Emiss

T channel for 2 fb−1 integrated lu-
minosity. Also shown is the the potential LHC 95% CL
exclusion limit.
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FIG. 3: SUSY mass spectrum as predicted by a combined
mSUGRA fit of low-energy observables, current collider
data from LEP, SLC and the Tevatron, the dark mat-
ter relic density, and a potential LHC exclusion limit in
the four-jet, zero-lepton and Emiss

T channel for 2 fb−1 inte-
grated luminosity.

region of 95% CL exclusion of the LHC, see Fig. 2.
This is due to the weak dependence of the LHC con-
tribution to the χ2 on M1/2. Furthermore values of
M0 and M1/2 below the direct LHC limit allow for a
significantly better χ2 from the low energy data, com-
pensating the contribution from the LHC. Thus the
lower limits on the SUSY masses from the global fit
including the LHC are significantly lower than the di-
rect exclusion limits.
Fig. 4 presents the impact of the LHC exclusions

on the q̃R and l̃R mass spectrum from the global
mSUGRA fit, assuming 35 pb−1, and 1, 2 and 7 fb−1.
Already with 1 fb−1 the LHC exclusion would push
the lower limit on the squark mass above the TeV-
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Figure 3. Global CMSSM fits: (a) excluding the CMS αT search and (b) including the CMS
αT search likelihood. The posterior probability of each bin is shown as the background colour,
normalised to the maximum bin probability. The almost vertical curve shows our approximation to
the CMS 95% exclusion. The cyan inner (outer) contour shows the 68% (95 %) Bayesian credibility
region.

direct searches for sparticles, the branching ratios BR(b → sγ), BR(Bs → µµ), MW ,

sin2 θlw, as well as 95% exclusions from LEP and Tevatron direct search data. The ranges

of parameter considered were: 2 < tan β < 62, |A0|/TeV < 4, 60 < m1/2/GeV < 2000,

60 < m0/GeV < 4000. Variations with respect to the top mass mt, the strong coupling

constant, the fine structure constant and the bottom mass were all included. Various

different prior distributions were examined in Ref. [5], but here we shall use the example of

priors flat in the parameters listed above, except for m0 and m1/2, which are flat in their

logarithm. Using such log priors allows us to illustrate the effects of the αT search more

acutely than with purely linear priors. Rigorous convergence criteria were satisfied by the

fits, which were performed by ten Metropolis Markov Chains running simultaneously. For

more details on the fits, we refer interested readers to Ref. [5].

We take 2.7 million points from the fits, whose densities in parameter space are pro-

portional to their posterior probability distributions. We then re-weight each point by

multiplying its global fit likelihood by L calculated from the αT search. By plotting the

posterior probability distributions before and after the αT -reweighting, we can then exam-

ine the effect of the αT exclusion data on the CMSSM fits.

We show the fits marginalised over all parameters except for m0 and m1/2 in Fig. 3. In

order to guide the eye, we have added the 95% exclusion contour (the light, almost vertical

curve), but we remind the reader that the αT likelihood was taken into account, not just a

veto from this curve. Nevertheless, we see in the figure the expected behaviour: there is a

small volume of good fit towards the bottom left of the plot that is “chopped off” by the

αT exclusion limit. There are also non-trivial effects on the parameter plane: we see from

Fig. 2a that there is a slight ∼ 1σ preference of the data against high m1/2, since there was

an excess of observed events versus expected background. Such effects are present in the

plot, but are easier to see when the posterior probability density is marginalised down to

– 7 –

Allanach, 1102.3149 Buchmuller et al, 1102.4585 Bechtle et al, 1102.4693

Supersymmetry is just behind the corner!!!

lundi 28 mars 2011



What Do Experts Say
5

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]2
 [G

eV
/c

1/
2

m

0

100

200

300

400

500

600

700

800

900

1000

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]2
 [G

eV
/c

1/
2

m

0

100

200

300

400

500

600

700

800

900

1000

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]2
 [G

eV
/c

1/
2

m

0

100

200

300

400

500

600

700

800

900

1000

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]2
 [G

eV
/c

1/
2

m

0

100

200

300

400

500

600

700

800

900

1000

Figure 1. The (m0,m1/2) planes in the CMSSM (upper left), NUHM1 (top right), VCMSSM (lower left)
and mSUGRA (lower right). In each panel, we show the 68 and 95% CL contours (red and blue, respec-
tively) both after applying the CMS [19] and ATLAS [20] constraints (dashed and solid lines, respectively)
and beforehand (dotted lines). Also shown as open (solid) green stars are the best-fit points found after
applying the CMS (ATLAS) constraints in each model (see text), and as green ‘snowflakes’ the previous
best-fit points.

data are included in the fits, only the best coan-
nihilation fit is reported). In addition to the min-
imum value of χ2 and the fit probability in each
scenario, we include the values of m1/2,m0, A0

and tanβ at all the best-fit points. We esti-
mate systematic errors of ∼ 10% in the values
for m1/2 quoted in Table 1 for the best-fit points
in the CMS analyses of the CMSSM, NUHM1 and
VCMSSM, associated with the ambiguities in the
implementations of the LHC constraints and the
slow variations in the χ2 functions. In the cases
of the ATLAS analyses, we have an additional
systematic uncertainty in the implementation of

the constraint, and estimate a somewhat larger
error ∼ 20%. Table 1 also shows the values of
Mh that would be estimated in each model if the
LEP Higgs constraint were neglected.
The absences of supersymmetric signals in the

CMS and ATLAS data [19,20] invalidate portions
of the CMSSM, NUHM1 and VCMSSM param-
eter spaces at low m1/2 that were previously al-
lowed at the 95% and 68% CLs 5, but do not im-

5Strictly speaking, the ∆χ2 = 5.99 and 2.30 contours
that we plot may not always correspond exactly to these
CLs, but we ignore any possible differences here since
previous studies [14,15,17] showed acceptable coverage,
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FIG. 1: mSUGRA parameter region in M0 and M1/2 com-
patible with low-energy observables, current collider data
from LEP, SLC and the Tevatron, and the dark matter
relic density. Shown are the two-dimensional 95% and one-
dimensional 68% CL regions. Also shown is our estimate
of the potential LHC 95% CL exclusion limits in the four-
jet, zero-lepton and Emiss

T channel for different integrated
luminosities.

results are in good agreement with current LHC lim-
its at 35 pb−1 [16, 17], and with the projected ATLAS
discovery potential at higher luminosities [7], bearing
in mind that we use an improved signal estimate in-
cluding the NLO+NLL QCD corrections.

We now combine the potential LHC exclusion lim-
its, the current low-energy precision and collider ob-
servables, and the dark matter relic density constraint
in a global fit. We assume 2 fb−1 integrated lumi-
nosity as our base scenario, but also discuss the im-
pact of the LHC exclusions at 35 pb−1, and at 1 and
7 fb−1 below. The result of our combined mSUGRA
fit assuming no SUSY signal at the LHC with 2 fb−1

is shown in Fig. 2. The best fit now corresponds to
M0 = 270+423

−143 GeV, M1/2 = 655+150
−81 GeV, A0 =

763+1238
−879 GeV and tanβ = 32+18

−21, with a minimum
χ2 value of 24 for 21 degrees of freedom. The corre-
sponding sparticle mass spectrum is presented in Fig. 3
and features most probable squark and gluino masses
beyond 1 TeV.

An LHC exclusion in the zero-lepton, four-jet plus
Emiss

T channel is mainly sensitive to the squark and
gluino masses and would drive M0 and M1/2 to
larger values. The low-energy precision observa-
bles and the relic density, on the other hand, are
mainly constraining the masses of colour-neutral spar-
ticles. Supersymmetric models with common scalar
and gaugino masses like mSUGRA connect these two,
leading to a tension between the two sets of observ-
ables. In addition, for larger M0 and M1/2 both aµ
and Ωχ require an increased tanβ. It is also note-
worthy that the global fit allows areas in the SUSY
parameter space at 95% CL, which are located in the
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FIG. 2: mSUGRA parameter region in M0 and M1/2 com-
patible with low-energy observables, current collider data
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region of 95% CL exclusion of the LHC, see Fig. 2.
This is due to the weak dependence of the LHC con-
tribution to the χ2 on M1/2. Furthermore values of
M0 and M1/2 below the direct LHC limit allow for a
significantly better χ2 from the low energy data, com-
pensating the contribution from the LHC. Thus the
lower limits on the SUSY masses from the global fit
including the LHC are significantly lower than the di-
rect exclusion limits.
Fig. 4 presents the impact of the LHC exclusions

on the q̃R and l̃R mass spectrum from the global
mSUGRA fit, assuming 35 pb−1, and 1, 2 and 7 fb−1.
Already with 1 fb−1 the LHC exclusion would push
the lower limit on the squark mass above the TeV-
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Figure 3. Global CMSSM fits in the m0 −m1/2 plane: (a) excluding the ATLAS 0-lepton search
and (b) including the ATLAS 0-lepton search likelihood. The posterior probability of each bin is
shown as the background colour, normalised to the maximum bin probability. The region to the left
of the almost vertical solid green (dotted yellow) curve is excluded by the ATLAS 0-lepton search
(CMS αT search) at the 95% C.L. The cyan inner (outer) contour shows the 68% (95 %) Bayesian
credibility region.

 0

 0.2

 0.4

 0.6

 0.8

 1
Allanach, Khoo, Lester and Williams Mar, 2011

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9  1
m1/2/TeV

 10

 20

 30

 40

 50

 60

ta
n!

 0

 0.2

 0.4

 0.6

 0.8

 1
Allanach, Khoo, Lester and Williams Mar, 2011

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9  1
m1/2/TeV

 10

 20

 30

 40

 50

 60

ta
n!

(a) (b)

Figure 4. Global CMSSM fits in the m1/2 − tanβ: (a) excluding the ATLAS 0-lepton search and
(b) including the ATLAS 0-lepton search likelihood. The posterior probability of each bin is shown
as the background colour, normalised to the maximum bin probability. The cyan inner (outer)
contour shows the 68% (95 %) Bayesian credibility region.

but such an inference is likely to not be robust until the CMSSM is strongly constrained by

supersymmetric signals. The non-robustness manifests as a high degree of prior dependence

in the evidence [42].

Fig. 4 displays the effect of the 0-lepton search on the m1/2 − tan β plane. As well as
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Figure 1. The (m0,m1/2) planes in the CMSSM (upper left), NUHM1 (top right), VCMSSM (lower left)
and mSUGRA (lower right). In each panel, we show the 68 and 95% CL contours (red and blue, respec-
tively) both after applying the CMS [19] and ATLAS [20] constraints (dashed and solid lines, respectively)
and beforehand (dotted lines). Also shown as open (solid) green stars are the best-fit points found after
applying the CMS (ATLAS) constraints in each model (see text), and as green ‘snowflakes’ the previous
best-fit points.

data are included in the fits, only the best coan-
nihilation fit is reported). In addition to the min-
imum value of χ2 and the fit probability in each
scenario, we include the values of m1/2,m0, A0

and tanβ at all the best-fit points. We esti-
mate systematic errors of ∼ 10% in the values
for m1/2 quoted in Table 1 for the best-fit points
in the CMS analyses of the CMSSM, NUHM1 and
VCMSSM, associated with the ambiguities in the
implementations of the LHC constraints and the
slow variations in the χ2 functions. In the cases
of the ATLAS analyses, we have an additional
systematic uncertainty in the implementation of

the constraint, and estimate a somewhat larger
error ∼ 20%. Table 1 also shows the values of
Mh that would be estimated in each model if the
LEP Higgs constraint were neglected.
The absences of supersymmetric signals in the

CMS and ATLAS data [19,20] invalidate portions
of the CMSSM, NUHM1 and VCMSSM param-
eter spaces at low m1/2 that were previously al-
lowed at the 95% and 68% CLs 5, but do not im-

5Strictly speaking, the ∆χ2 = 5.99 and 2.30 contours
that we plot may not always correspond exactly to these
CLs, but we ignore any possible differences here since
previous studies [14,15,17] showed acceptable coverage,
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Figure 3. Global CMSSM fits in the m0 −m1/2 plane: (a) excluding the ATLAS 0-lepton search
and (b) including the ATLAS 0-lepton search likelihood. The posterior probability of each bin is
shown as the background colour, normalised to the maximum bin probability. The region to the left
of the almost vertical solid green (dotted yellow) curve is excluded by the ATLAS 0-lepton search
(CMS αT search) at the 95% C.L. The cyan inner (outer) contour shows the 68% (95 %) Bayesian
credibility region.
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Figure 4. Global CMSSM fits in the m1/2 − tanβ: (a) excluding the ATLAS 0-lepton search and
(b) including the ATLAS 0-lepton search likelihood. The posterior probability of each bin is shown
as the background colour, normalised to the maximum bin probability. The cyan inner (outer)
contour shows the 68% (95 %) Bayesian credibility region.

but such an inference is likely to not be robust until the CMSSM is strongly constrained by

supersymmetric signals. The non-robustness manifests as a high degree of prior dependence

in the evidence [42].

Fig. 4 displays the effect of the 0-lepton search on the m1/2 − tan β plane. As well as
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FIG. 1: mSUGRA parameter region in M0 and M1/2 com-
patible with low-energy observables, current collider data
from LEP, SLC and the Tevatron, and the dark matter
relic density. Shown are the two-dimensional 95% and one-
dimensional 68% CL regions. Also shown is our estimate
of the potential LHC 95% CL exclusion limits in the four-
jet, zero-lepton and Emiss

T channel for different integrated
luminosities.

results are in good agreement with current LHC lim-
its at 35 pb−1 [16, 17], and with the projected ATLAS
discovery potential at higher luminosities [7], bearing
in mind that we use an improved signal estimate in-
cluding the NLO+NLL QCD corrections.

We now combine the potential LHC exclusion lim-
its, the current low-energy precision and collider ob-
servables, and the dark matter relic density constraint
in a global fit. We assume 2 fb−1 integrated lumi-
nosity as our base scenario, but also discuss the im-
pact of the LHC exclusions at 35 pb−1, and at 1 and
7 fb−1 below. The result of our combined mSUGRA
fit assuming no SUSY signal at the LHC with 2 fb−1

is shown in Fig. 2. The best fit now corresponds to
M0 = 270+423

−143 GeV, M1/2 = 655+150
−81 GeV, A0 =

763+1238
−879 GeV and tanβ = 32+18

−21, with a minimum
χ2 value of 24 for 21 degrees of freedom. The corre-
sponding sparticle mass spectrum is presented in Fig. 3
and features most probable squark and gluino masses
beyond 1 TeV.

An LHC exclusion in the zero-lepton, four-jet plus
Emiss

T channel is mainly sensitive to the squark and
gluino masses and would drive M0 and M1/2 to
larger values. The low-energy precision observa-
bles and the relic density, on the other hand, are
mainly constraining the masses of colour-neutral spar-
ticles. Supersymmetric models with common scalar
and gaugino masses like mSUGRA connect these two,
leading to a tension between the two sets of observ-
ables. In addition, for larger M0 and M1/2 both aµ
and Ωχ require an increased tanβ. It is also note-
worthy that the global fit allows areas in the SUSY
parameter space at 95% CL, which are located in the
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FIG. 2: mSUGRA parameter region in M0 and M1/2 com-
patible with low-energy observables, current collider data
from LEP, SLC and the Tevatron, the dark matter relic
density, and a potential LHC exclusion limit in the four-
jet, zero-lepton and Emiss

T channel for 2 fb−1 integrated lu-
minosity. Also shown is the the potential LHC 95% CL
exclusion limit.
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FIG. 3: SUSY mass spectrum as predicted by a combined
mSUGRA fit of low-energy observables, current collider
data from LEP, SLC and the Tevatron, the dark mat-
ter relic density, and a potential LHC exclusion limit in
the four-jet, zero-lepton and Emiss

T channel for 2 fb−1 inte-
grated luminosity.

region of 95% CL exclusion of the LHC, see Fig. 2.
This is due to the weak dependence of the LHC con-
tribution to the χ2 on M1/2. Furthermore values of
M0 and M1/2 below the direct LHC limit allow for a
significantly better χ2 from the low energy data, com-
pensating the contribution from the LHC. Thus the
lower limits on the SUSY masses from the global fit
including the LHC are significantly lower than the di-
rect exclusion limits.
Fig. 4 presents the impact of the LHC exclusions

on the q̃R and l̃R mass spectrum from the global
mSUGRA fit, assuming 35 pb−1, and 1, 2 and 7 fb−1.
Already with 1 fb−1 the LHC exclusion would push
the lower limit on the squark mass above the TeV-

(although the corner may move around)
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“...the more he looked 
inside the more Piglet 

wasn't there...”
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Plan

Who ordered SUSY?

How do we search for SUSY?

What have we learnt?
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EW symmetry breaking chart

Strongly Coupled Weakly Coupled

Technicolor5D Higgsless SupersymmetryLittle HiggsComposite Higgs

Standard Model

HiggsNo Higgs

In the following, weakly coupled only...
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Weakly Coupled Models

Contain a narrow scalar 
particle(s) coupled to W and 
Z bosons whose 
contribution unitarizes VV 
scattering 

Simplest example is the 
Standard Model

Christophe Grojean Alternatives to the SM Higgs Moriond, 14 March 2011

 what is unitarizing the WW scattering amplitude?

Weak vs. Strong EWSB

5

Weakly coupled models Strongly coupled models

prototype: Susy prototype: Technicolor
susy partners ~ 100 GeV

rho meson ~ 1 TeV

other  ways? TeV
QCD

W+ W+

W-W-

W+ W+

W-W-

h0

need new particles to stabilize 

the Higgs mass

bounds on the masses of these particles  

fine-tuning O(1%)

!

resonances needed for unitarization 

generate EW oblique corrections

Ŝ ∼ m2
W

m2
ρ

|Ŝ| < 10−3

@95% CL
mρ > 2.5 TeV
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Standard Model
One Higgs field that acquires vacuum expectation value

Problem: the mass term, and 
therefore the vev, receive 
large quantum corrections 

V (H) = m
2
0H

†
H + λ(H†

H)2

�H� =

�
0

v/
√

2

�
v =

�
−m

2
0

λ

∆m2
0 ≈

m2
top

4π2v2
Λ2

UV + . . .

If the cutoff  >> 1 TeV, we either need find tuning or new 
structure/particles that soften the quantum corrections
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Who can stabilize Higgs potential ?

Global symmetries: 
quantum corrections 
cancel between particles 
of the same statistics

Supersymmetry:
quantum corrections 
cancel between particles 
of opposite statistics

aa
h

t

t

h

a)

h

T

t

h

b)
h h

T

c)

Figure 2: One-loop contributions to the Higgs boson (mass)2 in the Little Higgs model.

The quadratic divergences neatly cancel. The top sector contribution to the Higgs
(mass)2 is then given by

∆m2
h = −3

λ2
1λ

2
2f

2

8π2
log

Λ2

m2
T

= −3
λ2

tm
2
T

8π2
log

Λ2

m2
T

, (9)

where Λ ∼ 4πf is the strong interaction scale of the theory that gives rise to the
Goldstone bosons. In Little Higgs models, f is typically taken to be of order 1 TeV
(corresponding to Λ ∼ 10 TeV) to avoid fine tuning of the Higgs mass. As long as mT

is parametrically lower than Λ, the negative contribution to m2
h in Equation (9) could

be the dominant one and thus would provide the explanation for why electroweak
symmetry is broken. There are incalculable (quadratically divergent) two-loop con-
tributions to m2

h, which are the same order in λ1λ2, but these are not logarithmically
enhanced, and so are sub-dominant. The situation is that typically found in chiral
perturbation theory.

The cancellation of quadratic divergences in Equation (8) depends on the relation
of Equation (6), which can be rewritten as

mT

f
=

λ2
t + λ2

T

λT
. (10)

The relation (10) is a very interesting one. All of the four parameters in this equation
are in principle measurable. The top quark Yukawa coupling is known. The decay
constant f can be determined by measuring the properties of the heavy vector bosons
in the Little Higgs theory [25]. The mass and couplings of the heavy top quark will
be measured when this quark is observed, perhaps at the LHC. If the relation (10) is
shown to be valid, that will be strong evidence for the picture of electroweak symmetry
breaking given by the Little Higgs model.

6
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Supersymmetry: the good 
and the bad and the ugly 

Stabilizes Higgs

(together with R-
parity) Provides dark 
matter candidates  

Allows for better 
gauge coupling 
unification

Flavor problem

CP problem

μ problem

Doublet-triplet 
splitting problem
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Problems in the Nutshell
SUSY says: there is ∼100 
new degrees of freedom 
at the weak scale

Generically they could be 
indirectly seen in 
numerous low energy 
experiments 

Experiment says: no new 
degrees of freedom show 
up in kaon mixing, D-
mixing, B-mixing, Bs→μμ, 
neutron EDMs, μ→eγ, 
electroweak precision 
tests, proton decay, etc

Approximate symmetries 
of the SM unexpectedly 
well respected by new 
physics  
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But at least SUSY solves the 
hierarchy problem... does she?

Higgs potential in the MSSM depends on Higgs soft masses and μ-term:

The Higgs vev (equivalently Z-boson mass) can be expressed by these parameters:

But due to loop corrections:

Susy particles should be at the Z-boson mass, otherwise fine-tuning! 
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Fine-tuning in CMSSM, Strumia 1101.2195 

Already LEP constraints on SUSY and Higgs seriously constrain 
the parameter space. Only a small strip on the boundary 
between EW breaking and no EW breaking remains viable

lundi 28 mars 2011



Frog Metaphor
If a frog is placed in boiling water, it will jump 
out, but if it is placed in cold water that is 

slowly heated, it will never jump out.

Measuring S and T parameters at LEP1 was  like hot 
water for Technicolor Frogs, and like cold water for 
SUSY Frogs. SUSY and Higgs searches at LEP2 and 
Tevatron are like  heating the water. 
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Enters LHC

How LHC searches for SUSY

What have we learnt so far

In the rest of this talk:

I’m borrowing heavily from  results and plots presented at Moriond by CMS 
(M.Chiorboli, C. Bernet) and ATLAS (N. Barlow, S. Caron)
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SUSY @ LHC
In the early phase LHC can only 
produce colored superpartners

In 2010, sensitivity to ∼ 500 GeV 1st 
generation squark and gluinos (∼ 700 
GeV if both are present), and to ∼300 
GeV stops. 
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SUSY Limits:Topological Approach

Results of SUSY 
searches usually 
presented as limits on 
mSUGRA parameters  
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SUSY Limits:Topological Approach
Results of SUSY 
searches usually 
presented as limits on 
mSUGRA parameters 

More practical and 
illuminating are limits 
on cross-section times 
branching fractions for 
given decay topologies 
of gluinos and squarks
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Simplest Topology: Jets + MET
Assume R-parity 
conservation and  
neutralino LSP

Squark can decay to 1 
quark + neutralino LSP

Gluino can decay to 2 
quarks + neutralino LSP

Most generic SUSY 
signatures, model 
independent if inclusive
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Jets+MET searches at ATLAS

4 search regions targeting 
different squark/gluino masses

Robust limit of 500 GeV on 
the gluino mass

For equal squark and gluino 
masses the limit is more 

stringent, roughly 800 GeV  
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CMS JETS+MET search
Several searches with different methods: HT and αT 
variables, “Razor” variable 

Model independent limits as a function of the LSP mass 
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Other SUSY Topologies

Gluino or squark can undergo 
a cascade decay producing 1 
or more charged leptons

Leptons can also show up e.g. 
when gravitino is the LSP and 
chargino + slepton is the 
NLSP 

Photons can show up e.g. if 
gravitino is the LSP and 
neutralino is the NLSP 

If other superpartners (charginos, neutralino sleptons) lighter than squarks and/or 
gluinos, then decay topologies with leptons in the final state may occur
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SUSY is fun for experimentalists! 
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Some More Results
✴Diphoton + Jets + MET

✴Photon + Lepton + Jets + MET

✴3 or Leptons + MET 
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SUSY limits summary
Robust limit of 500 GeV on gluino mass 

If squarks and gluinos have comparable masses, 
the limit goes up to 800 GeV

Even stronger limits possible if the dominant decay 
chain produces 2 leptons  

No new limits on stops yet, currently mstop > mtop
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Interpretation of LHC 
SUSY Limits

LHC further shrinks the 
parameter space, kettling the 
parameters toward the no 
EW-breaking boundary

Strumia, 1101.2195
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Interpretation of LHC 
SUSY Limits

LHC further shrinks the 
parameter space, kettling the 
parameters toward the no 
EW-breaking boundary. 

Strumia, 1101.2195
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Interpretation of LHC SUSY Limits

LHC impact on MSSM-like scenarios is not significant. LEP limits 
on the Higgs mass already required that SUSY is heavy and 
fine-tuning is severe. LHC just confirmed that independently.   

But important impact on non-MSSM SUSY scenarios that avoid 
fine-tuning thanks to additional contributions to the Higgs 
mass. Now it’s probably impossible to find a SUSY scenario 
where fine-tuning is better than 1 percent.  
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Back to the Frog Metaphor

The Water is Boiling...
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MSSM and Dark Matter
We are about to explore the most 
interesting region of the SUSY 
parameter space. Dark matter is just 
behind the corner!

Baer, 1012.0248

lundi 28 mars 2011



MSSM and Dark Matter
We are about to explore the most 
interesting region of the SUSY 
parameter space. Dark matter is just 
behind the corner!

Dark matter in MSSM is fine-tuned, 
on top of electroweak fine-tuning

Bino dark matter typically gives too 
much relic abundance, whereas wino 

or Higgsino give too little. 

Baer, 1012.0248

lundi 28 mars 2011



MSSM and Unification
I have no snide remarks 
about this one...

...except that the 
strongest argument for 
SUSY is its connection to 
another hypothetical 
theory ;-) 
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Images drawn by sister of Colin Bernett and presented by CMS at Moriond  

90’s 00’s 10’s
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My take on SUSY
SUSY explains the weak scale by connecting it to 

the supersymmetry breaking scale:
 mSUSY ∼ mZ

If SUSY was there it probably would have shown up 
at LEP. It would probably also show up indirectly in 
thousands low-energy measurements.  

Limits from Higgs searches at LEP and direct limits 
from the LHC imply mSUSY of order 1 TeV, which 
corresponds to at least 1% fine-tuning

If one can leave with 1% fine-tuning one can 
probably leave with 0.1% fine-tuning. The latter 
corresponds to mSUSY ≥ 3 TeV, that is no SUSY at the 
LHC.
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Should we then search for SUSY?

✤ It predicts well defined signatures that can be 
searched for in colliders and in other experiments
✤ Signature-based SUSY searches apply to a 
much wider class of models (dark matter, extra 

dimensions, T-parity little Higgs, etc. )
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Should we then search for SUSY?

YES
✤ It predicts well defined signatures that can be 
searched for in colliders and in other experiments
✤ Signature-based SUSY searches apply to a 
much wider class of models (dark matter, extra 

dimensions, T-parity little Higgs, etc. )
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Estimated LHC Reach 
after 1fb-1

Alves et al. 1102.5338 
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