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• The discovered of the higgs boson at the LHC validated the
standard model (SM) as a low energy theory ( EW scale)

• Two questions: is the discovered Higgs boson a pure Standard
Model (SM) Higgs or SM-like Higgs from new physics theory?

• Searches for new physics should be complemented by studying
the properties of the heavy Higgs bosons in the extended Higgs
sector of SM.

• Minimal Supersymmetric Standard Model (MSSM) could be a
natural solution.
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Electroweak Symmetry Breaking⇒ 5 physical states

CP-even h0, H0, CP-odd A0, Charged H±

Two independent parameters at tree-level : mA, tan β

MSSM:Higgssector

• mmod+
h scenario: [Carena, Heinemeyer, Stål, Wagner & Weiglein, 1302.7033 ]

ó Modified mmax
h scenario

ó A large region of parameter space where the mass of the light CP-even Higgs boson is in good
agreement with the mass value of the particle recently discovered at the LHC

ó Parameters: MQ3 = MU3 = MD3 = 1000 GeV, ML3 = ME3 = 1000 GeV, µ = 200 GeV,
M2 = 200 GeV, M3 = 1.5 TeV, Xt = 2 TeV, Ab = Aτ = At

• hMSSM scenario: [Djouadi, Maiani, Moreau, Polosa, Quevillon & Riquer, 1307.5205]

ó The lighter h boson has a mass of approximately 125 GeV.
ó Fix the values of dominant radiative corrections.
ó The Higgs sector can be described by only two parameters, tan β and MA0 even at two-loop

order.
ó Only two inputs for Higgs sector
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• m125
h scenario: [Bagnaschi, Bahl, Fuchs, Hahn, Heinemeyer, Lieblerg, Patel, Slavich, Stefaniak, Wagner & Weiglein,

1808.07542]

ó All SUSY masses are chosen to be so heavy (at or above 1 TeV)
ó 2HDM Higgs sector with SUSY properties
ó Parameters: MQ3 = MU3 = MD3 = 1.5 TeV, ML3 = ME3 = 2 TeV, µ = 1 TeV, M1 = 1 TeV,

M2 = 1 TeV, M3 = 2.5 TeV, Xt = 2.8 TeV, Ab = Aτ = At
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Figure 1: The allowed regions on the (MA0,tan β) plane in mmod+
h (left), hMSSM (middle) and m125

h (right). The
blue lines are level curves for the SM-like Higgs mass. By definition, in the hMSSM, mh0 is fixed at 125 GeV.
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Figure 2: The (MA0,tan β) plane in the mmod+
h scenario. The exclusion regions are shown as above, while the

color coding in the allowed region indicates total cross section for inclusive production of heavy scalar Higgs
boson: A0 (top), H0 (middle) and H± (bottom) at the LHC (

√
s = 13 TeV).

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp A 0) × BR(A 0 bb) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 6

10 5

10 4

10 3

10 2

10 1

100

101

102

103

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp A 0) × BR(A 0 Z 0h 0) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 7

10 5

10 3

10 1

101

103

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp A 0) × BR(A 0 + ) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 7

10 6

10 5

10 4

10 3

10 2

10 1

100

101

102

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp H 0) × BR(H 0 bb) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 6

10 5

10 4

10 3

10 2

10 1

100

101

102

103

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp H 0) × BR(H 0 h 0h 0) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 6

10 5

10 4

10 3

10 2

10 1

100

101

102

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp H 0) × BR(H 0 W + W ) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 7

10 5

10 3

10 1

101

103

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp tH + ) × BR(H + bt) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 4

10 3

10 2

10 1

100

101

102

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp tH + ) × BR(H + + ) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 7

10 6

10 5

10 4

10 3

10 2

10 1

100

101

200 400 600 800 1000
MA 0 [GeV]

2

4

6

8

10

12

14

tan

(pp tH + ) × BR(H + W + h 0) [pb]
Best Fit
HS 68% C.L.
HS 95% C.L.
HB 95% C.L.

10 8

10 7

10 6

10 5

10 4

10 3

10 2

10 1

100

Figure 3: The (MA0,tan β) plane in the hMSSM scenario. The exclusion regions are shown as above, while the
color coding in the allowed region indicates total cross section for inclusive production of heavy scalar Higgs
boson: A0 (top), H0 (middle) and H± (bottom) at the LHC (

√
s = 13 TeV).
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Figure 4: The (MA0,tan β) plane in the m125
h scenario. The exclusion regions are shown as above, while the

color coding in the allowed region indicates total cross section for inclusive production of heavy scalar Higgs
boson: A0 (top), H0 (middle) and H± (bottom) at the LHC (

√
s = 13 TeV).
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