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The Structure of MSSM
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Supersymmetry breaking
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Some traditional Models
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Two loop diagrams contributing to soft masses
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dimensional-full couplings 

A-terms are essentially zero !!! 

Q
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Experimental Status
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Present LHC limits
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6 8 Limits on models of new physics
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Figure 3: Diagrams for the four SUSY models considered (A1, A2, B1, and B2).

with e• = 0.65 (0.69), e20 = 0.35 (0.48), and s = 42 GeV (25 GeV) for electrons (muons).
The parametrization of the simulated b-tagging efficiency, shown in Fig. 2 (right), is e = 0.71
for 90 < pT < 170 GeV; at higher (lower) pT it decreases linearly with a slope of �0.0004
(�0.0047)GeV�1.

8 Limits on models of new physics

The results of the search are used to constrain specific models of new physics. For each model
considered, limits are derived from the signal region expected to give the most stringent limit
on the cross section at a given point in the parameter space of the model. The event selection
efficiency for a given model is obtained from MC simulation, and the limits are calculated
including systematic uncertainties on lepton efficiency, trigger efficiency, luminosity, jet energy
scale, and b-tagging efficiency. The latter two uncertainties are evaluated at each point in the
parameter space.

The results from SR1 and SR2 are used to set limits on the cross section for same-sign top-quark
pair production, s(pp ! tt + tt) from SR1, and s(pp ! tt) from SR2. Here s(pp ! tt + tt)
is shorthand for the sum s(pp ! tt) + s(pp ! tt). Note that in most new physics scenarios
pp ! tt is suppressed with respect to pp ! tt because of the parton distribution functions of
the proton. These limits are calculated using simulated pp ! tt events to model the acceptance.
This acceptance, including branching fractions, is 0.29 ± 0.04%. We find upper limits s(pp !
tt + tt) < 0.87 pb and s(pp ! tt) < 0.30 pb at the 95% CL; the median expected limits are 0.72
and 0.37 pb, respectively.

Next, we present limits on the parameter spaces of four R-parity-conserving SUSY models
with third-generation squarks. The decay chains under consideration are shown schematically
in Fig. 3.

Scenarios A1 and A2 represent models of gluino pair production resulting in the ttttec0
1 ec0

1 final
state, where ec0

1 is the lightest neutralino [12, 29, 30, 33, 34]. In model A1, the gluino undergoes a
three-body decay eg ! ttec0

1 mediated by an off-shell top squark. In model A2, the gluino decays
to a top quark and and an anti-top squark, with the on-shell anti-squark further decaying into
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8 9 Summary
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Figure 4: Exclusion regions at 95% CL in the planes of m(ec0
1) vs. m(eg) (model A1), m(ec�

1 )

vs. m(eb1) (model B1), m(et1) vs. m(eg) (model A2), and m(eb1) vs. m(eg) (model B2). Models
A2, B1, and B2 have more than two mass parameters, and cannot be fully represented in a
two dimensional plot. The assumed values of the additional mass parameters are indicated
in the plots. The black lines represent the kinematic boundaries of the models. The excluded
regions are those within the kinematic boundaries and to the left of the bands. The effects of
the theoretical uncertainties on the next-to-leading-order plus next-to-leading-log calculations
of the production cross sections [35] are indicated by the shaded bands; the expected limits and
their ±1 standard-deviation variations are also shown.

8 9 Summary

) (GeV)g~m(
400 500 600 700 800 900 1000 1100

) (
G

eV
)

0 1χ∼
m

(

100

200

300

400

500

600

700

800 -1 = 10.5 fb
int

 = 8 TeV, LsCMS, 
Model A1

σ 1 ± NLO+NLLσ = prodσObserved Limit 
σ 1 stat. ±Expected Limit 

) (GeV)1b~m(
250 300 350 400 450

) (
G

eV
)

± 1χ∼
m

(

100

150

200

250

300
-1 = 10.5 fb

int
 = 8 TeV, LsCMS, 

Model B1

) = 50 GeV0
1
χ∼m(

σ 1 ± NLO+NLLσ = prodσObserved Limit 
σ 1 stat. ±Expected Limit 

) (GeV)g~m(
400 500 600 700 800 900 1000 1100

) (
G

eV
)

1t~
m

(

100
200
300
400
500
600
700
800
900

1000 -1 = 10.5 fb
int

 = 8 TeV, LsCMS, 
Model A2

σ 1 ± NLO+NLLσ = prodσObserved Limit 
σ 1 stat. ±Expected Limit 

) = 50 GeV0
1
χ∼m(

) (GeV)g~m(
400 500 600 700 800 900 1000 1100

) (
G

eV
)

1t~
m

(

100
200
300
400
500
600
700
800
900

1000 -1 = 10.5 fb
int

 = 8 TeV, LsCMS, 
Model A2

σ 1 ± NLO+NLLσ = prodσObserved Limit 
σ 1 stat. ±Expected Limit 

) = 250 GeV0
1
χ∼m(

) (GeV)g~m(
300 400 500 600 700 800 900 1000 1100

) (
G

eV
)

1b~
m

(

200
300
400
500
600
700
800
900

1000
1100

σ 1 ± NLO+NLLσ = prodσObserved Limit 
σ 1 stat. ±Expected Limit 

-1 = 10.5 fb
int

 = 8 TeV, LsCMS, 
Model B2

) = 50 GeV
1
0
χ∼m(

) = 150 GeV+
1
χ∼m(

) (GeV)g~m(
300 400 500 600 700 800 900 1000 1100

) (
G

eV
)

1b~
m

(

200
300
400
500
600
700
800
900

1000
1100

σ 1 ± NLO+NLLσ = prodσObserved Limit 
σ 1 stat. ±Expected Limit 

-1 = 10.5 fb
int

 = 8 TeV, LsCMS, 
Model B2

) = 50 GeV
1
0
χ∼m(

) = 300 GeV+
1
χ∼m(

Figure 4: Exclusion regions at 95% CL in the planes of m(ec0
1) vs. m(eg) (model A1), m(ec�

1 )

vs. m(eb1) (model B1), m(et1) vs. m(eg) (model A2), and m(eb1) vs. m(eg) (model B2). Models
A2, B1, and B2 have more than two mass parameters, and cannot be fully represented in a
two dimensional plot. The assumed values of the additional mass parameters are indicated
in the plots. The black lines represent the kinematic boundaries of the models. The excluded
regions are those within the kinematic boundaries and to the left of the bands. The effects of
the theoretical uncertainties on the next-to-leading-order plus next-to-leading-log calculations
of the production cross sections [35] are indicated by the shaded bands; the expected limits and
their ±1 standard-deviation variations are also shown.

Monday, 11 February 13



Hu =

✓
H+

u

H0
u

◆
Hd =

✓
H0

d

H�
d

◆

YHu = +1 YHd = �1

Tree Level Mass

Monday, 11 February 13



andwhere
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andwhere
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at tree level the lightest Higgs mass upper limit is
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Lightest Higgs mass @ 1-loop (top-stop enhanced) 

in the limit of 
no-mixing
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where

in the case of non-zero mixing the correction is

1-loop correction adds ~20 GeV to the tree-level, assuming the 
sparticles are < 1 TeV (in no-mixing scenario).
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dominant 2-loop contribution due to top-stop loops

dominant 2-loop correction increases the lightest Higgs mass <10 
GeV to the tree-level, assuming the sparticles are < 1 TeV (in no-
mixing scenario).
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addition, the top quark corrections are maximal in the so–called Mmax
h scenario [45], where

the trilinear stop coupling in the DR scheme is such that Xt ∼
√

6MS.

The corrections controlled by the bottom Yukawa coupling are in general strongly sup-
pressed with respect to those controlled by the top Yukawa coupling, due to the overall
factor m4

b . However, in the last term of eq. (11), proportional to X4
b , this suppression can

be compensated by a large value of the product µ tanβ, providing a non–negligible negative
correction to M2

h . The choice of the values for the remaining soft SUSY–breaking parameters
does not have a very large impact on the one–loop corrections, and in the DR calculation
the two–loop corrections, although numerically significant in the determination of the precise
value of the lighter Higgs boson mass, do not substantially alter the picture.

-4 -3 -2 -1 0 1 2 3 4
Xt (TeV)

80

90

100

110

120

130

140
M

h (G
eV

)

1-loop
2-loop
FeynHiggs

Figure 3: The lighter MSSM Higgs boson mass as a function of Xt in the DR scheme for
tan β = 10 and MS =MA =1 TeV with Mt = 178 GeV. The full and dashed lines correspond,
respectively, to the two–loop and one–loop corrected masses as calculated with SuSpect,

while the dotted line corresponds to the two–loop Mh value obtained with FeynHiggs.

The above features are exemplified in fig. 3, where the lighter Higgs boson mass is dis-
played as a function of the DR parameter Xt, for Mt = 178. In the figure, the MSSM
parameters are set to those of the three pMSSM points introduced in section 3.1; in par-
ticular, the physical pseudoscalar mass MA and the third–generation soft SUSY–breaking
scalar masses MS (the latter computed at the renormalisation scale Q = 1 TeV) are set to
1 TeV, while tanβ is fixed to tan β = 10 at Q = MZ . The dashed curve for the one–loop
corrections, and the full curve for the two–loop corrections in the DR scheme, have been
obtained using the program SuSpect. As one can see, the lighter Higgs boson mass Mh

has a local minimum for zero stop mixing, and it increases with |Xt| until it reaches a local
maximum at the point |Xt| =

√
6MS ∼ 2.45 TeV, where it starts to decrease again. Note

25

Allanach et al. ’04
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|Xt| ⇠
p
6MS

Abrey et al. ’11,’12
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Figure 7. Here we present combined regions of parameter space allowed by BR(µ ! e�) and the
light Higgs mass (mh), eq. (3.2), on the PMNS case in mSUGRA and NUHM1.

spite of the largeness of stops (t̃
1,2) or A-terms required. In fact flavor violation constraints

are still very strong5.

5In NUHM1 case the cancellations are constrained by the parameter choice of eq.(3.1).

– 11 –

Present Constraints on mSUGRA + Seesaw 
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Figure 7. Here we present combined regions of parameter space allowed by BR(µ ! e�) and the
light Higgs mass (mh), eq. (3.2), on the PMNS case in mSUGRA and NUHM1.

spite of the largeness of stops (t̃
1,2) or A-terms required. In fact flavor violation constraints

are still very strong5.

5In NUHM1 case the cancellations are constrained by the parameter choice of eq.(3.1).
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the A-terms in the gauge mediation are
very small !! 

So a 125 GeV Higgs is very difficult unless we 
have a very heavy stop spectrum (beyond 

LHC )
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Novel SUSY Scenarios
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Our Solution to the problem

Monday, 11 February 13



Monday, 11 February 13



RS and compressed Spectrum
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