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searching for heavy resonances
emphasis on MSSM / 2HDM

LHC colliding protons 
at 13 TeV
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searching for heavy resonances

 [GeV]Am
200 250 300 350 400 450 500

β
ta

n 

1

2

3
4
5

10

20

30
40

ATLAS
-1=7 TeV, 4.5-4.7 fbs

-1=8 TeV, 19.5-20.3 fbs
hMSSM, 95% CL limits

]dκ, uκ, VκObs., h couplings [
Exp.

ττ→Obs., A/H
Exp.

 bbνν ll/→ Zh→Obs., A
Exp.

νν 4l, ll qq/bb/→ ZZ→Obs., H
Exp.

ν qq/lν l→ WW→Obs., H
Exp.

ντ →+Obs., H
Exp.

//////////

outcome of 8 TeV searches:

limits on new physics models

this talk: updates with 13 TeV

8 TeV

emphasis on MSSM / 2HDM

features of 2HDM / MSSM

many “Higgs”s


2 CP-even (h, H), 1 CP-odd (A)

2 charged (H±)
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searching for heavy resonances
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//////////discuss in some detail

X → ττ

X → Zh

8 TeV

quick mention

X → WW

X → ZZ

X → HH

see Henrik’s talk for H± → τν!

emphasis on MSSM / 2HDM
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H / A → ττ

see Mark’s talk from yesterday for more detail
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H / A → ττ

g

g

h/H/A τ
τ
τ hν

hν or ℓνν

“h” ==

π±, π±π0, …

≥2 neutrinos!

degrades m(ττ) 

resolution

searches typically target ~inclusive h/H/A production

MSSM also likes b-associated
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Figure 3: The distribution of mtot
T for the b-veto category of the ⌧lep⌧had (a) and ⌧had⌧had (b) channels, the b-tag

category of the ⌧lep⌧had (c) and ⌧had⌧had (d) channels, and the inclusive category of the ⌧lep⌧had (e) and ⌧had⌧had
(f) channels. For the b-veto and b-tag categories, the predictions and uncertainties for the background and signal
processes are obtained from the statistical fit discussed in Section 7 under the absence of any signal hypothesis.
The inclusive category results are shown before any statistical fit. Overflows are included in the last bin of the
distributions.
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jets mis-id’d as τhad

tt → bbτhadℓννν
major SM backgrounds:

H / A → ττ
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Figure 3: The distribution of mtot
T for the b-veto category of the ⌧lep⌧had (a) and ⌧had⌧had (b) channels, the b-tag

category of the ⌧lep⌧had (c) and ⌧had⌧had (d) channels, and the inclusive category of the ⌧lep⌧had (e) and ⌧had⌧had
(f) channels. For the b-veto and b-tag categories, the predictions and uncertainties for the background and signal
processes are obtained from the statistical fit discussed in Section 7 under the absence of any signal hypothesis.
The inclusive category results are shown before any statistical fit. Overflows are included in the last bin of the
distributions.
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jets mis-id’d as τhadmajor SM background:
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Figure 3: The distribution of mtot
T for the b-veto category of the ⌧lep⌧had (a) and ⌧had⌧had (b) channels, the b-tag

category of the ⌧lep⌧had (c) and ⌧had⌧had (d) channels, and the inclusive category of the ⌧lep⌧had (e) and ⌧had⌧had
(f) channels. For the b-veto and b-tag categories, the predictions and uncertainties for the background and signal
processes are obtained from the statistical fit discussed in Section 7 under the absence of any signal hypothesis.
The inclusive category results are shown before any statistical fit. Overflows are included in the last bin of the
distributions.

30th May 2016 – 10:25 16

H / A → ττ

E
ve

n
ts

 /
  
G

e
V

3−10

2−10

1−10

1

10

210
ATLAS Preliminary

-1 = 13 TeV, 3.2 fbs

hadτhadτ →H/A

Same Sign

Data

ττ→H/A

 = 25β = 500 GeV, tanAm

Multijet

ττ→Z

ντ→W

, single toptt

Others

Uncertainty

 [GeV]tot
Tm

0 200 400 600 800 1000

 D
a
ta

/P
re

d

0
1
2

E
ve

n
ts

 /
 2

0
 G

e
V

1−10

1

10

210

310

410 ATLAS Preliminary
-1 = 13 TeV, 3.2 fbs

hadτhadτ →H/A

Same Sign

Data

ττ→H/A

 = 25β = 500 GeV, tanAm

Multijet

ττ→Z

ντ→W

, single toptt

Others

Uncertainty

 [GeV]miss
TE

0 50 100 150 200

 D
a
ta

/P
re

d

0
1
2



Alexander Tuna 9

H / A → ττ

no significant excesses above background prediction
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set 95% CL limits on the production

better than Run 1 at high masses, despite much smaller dataset!

H / A → ττ
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hMSSM scenario

, 95% CL limitsττ →H/A 
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A → Zh
→ (ℓℓ or νν)bb

see Kristian’s talk tomorrow for more detail
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A → Zh → (ℓℓ or νν)bb

h125

ℓ
ℓ

ν
ν

b
b

searches targeting ~inclusive A production

focus on h→bb for large BR

focus on Z→ℓℓ or νν for clean signatures
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A → Zh → (ℓℓ or νν)bb
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large backgrounds: tt, Z(ℓℓ or νν) + HF

control predictions with data outside m(bb) window
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A → Zh → (ℓℓ or νν)bb
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no significant excesses above background prediction

pT(Z) < 500 GeV: reconstruct 2 b-jets
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X → VV or HH
in brief

see Kristian’s talk tomorrow for more detail
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A / H / X → WW or ZZ
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A / H / X → H(bb)H(bb)

see dedicated talks tomorrow on VV / VH / HH resonances! 
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summary
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summary

huge program of searching for new resonances at LHC

first year of 13 TeV data already exceeding Run 1 in high mass regime

no hints of new physics in highlighted searches aiming at MSSM
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bonus
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library

topic preliminary or paper? identifier

W(lv)W(lv or qq) prelim. ATLAS-CONF-2016-021 

H(bb)H(bb) prelim. ATLAS-CONF-2016-017 

Z(ll or νν)H(bb) prelim. ATLAS-CONF-2016-015 

ττ prelim. ATLAS-CONF-2015-061 

H(bb)H(γγ) prelim. ATLAS-CONF-2016-004 

V(ll lv vv)H(bb) prelim. ATLAS-CONF-2015-074 

H(4l) & H(yy) prelim. ATLAS-CONF-2015-069 

8 TeV combo JHEP 11 (2015) 206 HIGG-2015-03 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-061/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-074/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-069/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-03/
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the LHC & ATLAS
3. The LHC and the ATLAS detector

LHCbLHCb
ATLASATLAS

ALICEALICECMSCMS

Lake GenevaLake Geneva

AlpsAlps

SalèveSalève

LHCLHC
Figure 3.1: Aerial view of Geneva with an overlaid drawing of the LHC and associated experi-

ments [41].

3.1.1 Specifications

The LHC is last step of a multi-stage chain of accelerators called the LHC accelerator complex [42],

shown in Fig. 3.2. Protons are first retrieved from hydrogen atoms and accelerated by the Linac 2

linear accelerator to 50 MeV per proton. The protons are then passed successively to the Proton

Synchotron Booster (PSB), Proton Synchotron (PS), and Super Proton Synchrotron (SPS) where

they are accelerated to 1.4 GeV, 25 GeV, and 450 GeV, respectively. The protons are finally fed into

the LHC where they are maximally accelerated to 4 TeV in 2012 operations, yielding a center-of-mass

collision energy of 8 TeV. This chain is summarized in Table 3.1. At full energy, the protons will

typically circulate the LHC for many hours at a time.

Protons travel around the LHC in two oppositely circulated beams. The proton beams are bent

and focused by powerful superconducting electromagnets, which operate cryogenically at an ultracold

9
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A / H / X → H(bb)H(γγ)

see dedicated talks tomorrow on VV / VH / HH resonances! 
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g

g

h/H/A

g

g b̄

b

h/H/A

searches typically target ~inclusive h/H/A production

MSSM also likes b-associated

H / A → ττ



Alexander Tuna 27

ATLAS Higgs 4ℓ & γγ
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