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MSUGRA/CMSSM 0-3 e, µ /1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.055251.85 TeVq̃, g̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 13.3 m(χ̃

0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2016-0781.35 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃

0
1)<5 GeV 1604.07773608 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 13.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2016-0781.86 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1 0 2-6 jets Yes 13.3 m(χ̃

0
1)<400 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2016-0781.83 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 13.2 m(χ̃
0
1)<400 GeV ATLAS-CONF-2016-0371.7 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1

2 e, µ (SS) 0-3 jets Yes 13.2 m(χ̃
0
1) <500 GeV ATLAS-CONF-2016-0371.6 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 3.2 1607.059792.0 TeVg̃

GGM (bino NLSP) 2 γ - Yes 3.2 cτ(NLSP)<0.1 mm 1606.091501.65 TeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃
0
1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.054931.37 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 13.3 m(χ̃
0
1)>680 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2016-0661.8 TeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290900 GeVg̃

Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518865 GeVF1/2 scale

g̃g̃, g̃→bb̄χ̃
0
1 0 3 b Yes 14.8 m(χ̃

0
1)=0 GeV ATLAS-CONF-2016-0521.89 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 14.8 m(χ̃
0
1)=0 GeV ATLAS-CONF-2016-0521.89 TeVg̃

g̃g̃, g̃→bt̄χ̃
+

1 0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV 1407.06001.37 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 3.2 m(χ̃

0
1)<100 GeV 1606.08772840 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 1 b Yes 13.2 m(χ̃

0
1)<150 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV ATLAS-CONF-2016-037325-685 GeVb̃1

t̃1 t̃1, t̃1→bχ̃
±
1 0-2 e, µ 1-2 b Yes 4.7/13.3 m(χ̃

±
1 ) = 2m(χ̃

0
1), m(χ̃

0
1)=55 GeV 1209.2102, ATLAS-CONF-2016-077117-170 GeVt̃1 200-720 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 4.7/13.3 m(χ̃
0
1)=1 GeV 1506.08616, ATLAS-CONF-2016-07790-198 GeVt̃1 205-850 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 3.2 m(t̃1)-m(χ̃

0
1)=5 GeV 1604.0777390-323 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222150-600 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 13.3 m(χ̃
0
1)<300 GeV ATLAS-CONF-2016-038290-700 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1 e, µ 6 jets + 2 b Yes 20.3 m(χ̃
0
1)=0 GeV 1506.08616320-620 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1 2 e, µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV 1403.529490-335 GeVℓ̃

χ̃+
1
χ̃−

1 , χ̃
+

1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 13.3 m(χ̃
0
1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2016-096640 GeVχ̃±

1

χ̃+
1
χ̃−

1 , χ̃
+

1→τ̃ν(τν̃) 2 τ - Yes 14.8 m(χ̃
0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2016-093580 GeVχ̃±

1

χ̃±
1
χ̃0

2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 13.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2016-0961.0 TeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1Zχ̃

0
1

2-3 e, µ 0-2 jets Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1403.5294, 1402.7029425 GeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1h χ̃

0
1, h→bb̄/WW/ττ/γγ e, µ, γ 0-2 b Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1501.07110270 GeVχ̃±

1 , χ̃
0

2

χ̃0
2
χ̃0

3, χ̃
0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086635 GeVχ̃0

2,3

GGM (wino NLSP) weak prod. 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493115-370 GeVW̃

GGM (bino NLSP) weak prod. 2 γ - Yes 20.3 cτ<1 mm 1507.05493590 GeVW̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns 1310.3675270 GeVχ̃±

1

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )<15 ns 1506.05332495 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584850 GeVg̃

Stable g̃ R-hadron trk - - 3.2 1606.051291.58 TeVg̃

Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃
0
1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795537 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542440 GeVχ̃0

1

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.051621.0 TeVχ̃0

1

GGM g̃g̃, χ̃
0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃

0
1)< 480 mm, m(g̃)=1.1 TeV 1504.051621.0 TeVχ̃0

1

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.45 TeVq̃, g̃

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→eeν, eµν, µµν 4 e, µ - Yes 13.3 m(χ̃

0
1)>400GeV, λ12k!0 (k = 1, 2) ATLAS-CONF-2016-0751.14 TeVχ̃±

1

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→ττνe, eτντ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086450 GeVχ̃±

1

g̃g̃, g̃→qqq 0 4-5 large-R jets - 14.8 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2016-0571.08 TeVg̃

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 14.8 m(χ̃

0
1)=800 GeV ATLAS-CONF-2016-0571.55 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1, χ̃

0
1 → qqq 1 e, µ 8-10 jets/0-4 b - 14.8 m(χ̃

0
1)=700 GeV ATLAS-CONF-2016-0941.75 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 14.8 625 GeV<m(t̃1)<850 GeV ATLAS-CONF-2016-0941.4 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084410 GeVt̃1 450-510 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-0150.4-1.0 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325510 GeVc̃

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: August 2016

ATLAS Preliminary
√

s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new
states or phenomena is shown.

No new physics below 1 TeV? 
Hold your horses!

Coloured 
states!

Simplifying 
assumptions!



No new physics below 1 TeV? 
Hold your horses!

Excited quarks

t* → tg S=3/2

t* → tg S=1/2

b* → tW KL=1

b* → tW KR=1

b* → tW k=k=1

Observed limit 95%CL (TeV)
0 0.4 0.8 1.2 1.6 2

Vector-like quark single production                                                                                                                              

T → tH cWb)=1.5

T → tH cZt=2.5

T → tH cWb=1.5

T → tH cZt=2.5

T → tZ cWb=1.5

T → tZ c(Zt)=1.5

B → bZ c(Wt)=1.5

T → bW c(Wb)=1.5

Y→ tH c(Wb)=1.0

Observed limit 95%CL (TeV)
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

13 TeV

Vector-like quark pair production                                                                                                                              

Q → qW 

T → tH 

T → tZ 

T → bW 

B → bH 

B → bZ 

B → tW 

X5/3 → tW 

X5/3 → tW 

T → bW 

Observed limit 95%CL (TeV)
0 0.3 0.6 0.9 1.2 1.5

Resonances to heavy quarks

Z’(1.2%) → tt

Z’(10%) → tt

gKK → tt

W’ → tb

W’ → tb Mν<MW’

W’ → tb Mν>MW’

Z’(1%) → tt

Z’(10%) → tt

Z’(30%) → tt

gKK → tt

W’ → tb

Z’→ Tt → tZt

Observed limit 95%CL (TeV)
0 0.5 1 1.5 2 2.5 3 3.5 4

40 fb

40 fb

15 fb

8 fb 80 fb

500 fb

8 TeV

13 TeV

Resonances to dibosons

radion → HH

W’ → WH 

Z’ → ZH

GBulk → WW 

GBulk → ZZ

W’ → VW  HVT(B)

W’ → WH HVT(B)

Z’ → VH HVT(B)

radion → HH

Observed limit 95%CL (TeV)
0 0.5 1 1.5 2 2.5 3

8 TeV

13 TeV
10 fb

13 fb

20 fb

28 fb

6 fb

30 fb

B2G
new physics 

searches with 
heavy SM particles

35 fb

25 fb

7 fb

7 fb

35 fb

9 fb
8 TeV

13 TeV4 fb

20 fb

300 fb

60 fb

800 fb

900 fb

50 fb

50 fb

100 fb

120 fb

200 fb

200 fb

70 fb

60 fb

70 fb

40 fb

18 fb

⟡model-independent

KL/KR=1

KR=1  

KL=1  

M!R < MW’

M!R > MW’

 Gbulk

 Gbulk

8 TeV

⟡

⟡
600 fb

400 fb

200 fb

200 fb

200 fb

200 fb

250 fb

150 fb

20 fb

400 fb

⟡t → lep
cWb=1.5
t → lep
cZt=2.5

t → had
cWb=1.5
t → had
cZt=2.5

  cWb=1.5  

  cZt=1.5   

  cWt=1.5   

  cWb=1.5     

  cWb=1.0     

CMS

Couplings matter!



No new physics below 1 TeV? 
Hold your horses!

No new physics below 1 TeV? 
Hold your horses!

The call for New Physics mainly comes 
from the Higgs sector (and DM?) 

It’s a logical possibility to have weakly 
coupled light states:

“Non-minimal” 
composite Higgs 

models!

EW-inos 
in SUSY

Axions 
(R-axion…)



No new physics below 1 TeV? 
Hold your horses!

No new physics below 1 TeV? 
Hold your horses!

multi-TeV horizon

Light stuff may still be 
there!



2 Higgs Doublet Models

Minimal extension of the SM Higgs sector

Z2 symmetric (except m12)

“physical” basis
tan� =

v2
v1

↵ ) h $ H mixing



2 Higgs Doublet Models

Couplings to fermions define 4 flavour-
safe scenarios

Higgs 
couplings



A lighter Higgs?

The spectrum may contain a lighter Higgs-like 
state:

125h ! ��
below 125 GeV?

Solène le Corre, G.C., A.Deandrea 
S.Gascon-Shotkin, M.Lethuillier 
JunQuan Tao (IHEP, CAS - Beijing)

IPNL

1607.08653 (JHEP)



Strategy:

Preliminary scan of the parameter space



Strategy:

Preliminary scan of the parameter space

Impose existing constraints (using existing tools):

1* Indirect constraints 
2* LEP bounds (on scalars) 
3* LHC bounds (on Higgs couplings)



1* Indirect constraints

EWPTs (S and T parameters) - 2 sigma limit 

Stability of the potential, and perturbativity of all 
couplings

flavour bounds (charged Higgs)

Computed with 2HDMC

Computed with SuperIso



2* LEP constraints

Direct bounds on scalars (HiggsBounds at 95% C.L.)

3* LHC constraints
Fit of signal strengths using kappa’s (8TeV legacy 
data - 1606.02266) 

WW = ZZ = cos(� � ↵)N.B.

Gaussian fit of signal strengths (1504.07919)

2
XY =

�(H ! Y X)

�SM(H ! XY )



2* LEP constraints

Direct bounds on scalars (HiggsBounds at 95% C.L.)

3* LHC constraints
Fit of signal strengths using kappa’s (8TeV legacy 
data - 1606.02266 and 1504.07919) 

WW = ZZ = cos(� � ↵)N.B.

Gaussian fit of signal strengths (1504.07919)

2
XY =

�(H ! Y X)

�SM(H ! XY )



Cross section calculation
We use the same “kappa trick” to calculate 
production cross sections for the lighter Higgs.

light
V V = sin(� � ↵)2

XY =
�(h ! Y X)

�SM(H ! XY ) N.B.

�(gg ! h) = 2
gg ⇥ �SM

�(V BF + V h) = 2
V V ⇥ �SM

Approximate  
cross sections

compared with SusHi

N.B.: no VBF nor Vh in SusHi!

2% accuracy



Results

Pass Indirect
Indirect + LEP

Indirect + LEP + LHC

Type I Type II

Lepton specific Flipped

T parameter Flavour (B)



Results 
Di-photon signal (type I)

Gluon fusion VBF+Vh

CMS sensitivity

CMS sensitivity

Search sensitive to VBF+Vh for �0.3 . sin(� � ↵) . 0



Results 
Di-photon signal (type II)

Gluon fusion VBF+Vh

CMS sensitivity CMS sensitivity

Very far from sensitivity! We focus on Type I!



Focused scan

Gluon fusion VBF+Vh

Comparison with CMS cross section bounds.

Note: no VBF optimisation, but simple recast!



Focused scan

Exclusion driven by large BR (h-> photons)

mH = 87 GeV , m12 = 30 GeV ,

mA = mH± = 500 GeV



Conclusions

2HDMs still allow for a light CP-even Higgs 

We found that in Type-I, large diphoton 
signal can be obtained in VBF+Vh channel 

We also checked the pseudoscalar (no large 
signal) 

2HDM Type-I is a good benchmark model for 
the search! 

Note: optimisation for VBF+Vh will help!



Light pseudo-scalar


