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LHC Run 1 (& 2)

proton-proton collisions at ATLAS and CMS  

‣ 2010 √s=7 TeV, 44 pb−1  

‣ 2011 √s=7 TeV, 6 fb−1 

‣ 2012 √s=8 TeV, 23 fb−1 

‣ Run 2: 2015 √s=13 TeV, 4 fb−1
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Physics results! 

‣Nearly 1000 submitted papers on 
Run 1 collision data 

‣ 9 papers on Run 2 data 
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The Nobel Prize in Physics 2013 
François Englert and Peter W. Higgs

"for the theoretical discovery of a mechanism that 
contributes to our understanding of the origin of mass of 
subatomic particles, and which recently was confirmed 

through the discovery of the predicted fundamental 
particle, by the ATLAS and CMS experiments at CERN's 

Large Hadron Collider"
3
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Run 1 Higgs Boson Results

All observations from the LHC 
consistent with a Standard Model 
Higgs boson with mH ~ 125 GeV.
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Phys. Rev. D. 90, 052004 (2014)
ATLAS-CONF-044
Eur. Phys. J. C 74 (2014) 3076

arXiv:1412.8662

http://arxiv.org/abs/1406.3827
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http://arxiv.org/abs/1407.0558
http://cds.cern.ch/record/1979247
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But not only …
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95% CL Limits on Masses of Exotic Phenomena in TeV

7
CMS Exotica Physics Group Summary – Dec Jamboree, 2015!
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And even …
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… a little intrigue
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To the Future!
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LHC → HL-LHC

12

http://hilumilhc.web.cern.ch/about/hl-lhc-project

√s = 13 TeV 
bunch spacing 25 ns

√s = 14 TeV 
LHC injector upgrade

New interaction 
region layout
Crab cavity

ℒ ~ 1.6 × 1034 cm−2s−1

Pile Up ~ 40
ℒ ~ 2 × 1034 cm−2s−1

Pile Up ~ 60

luminosity levelling
ℒ ~ 5 × 1034 cm−2s−1

Pile Up ~ 140

today: Higgs Maxwell meeting 2016

http://hilumilhc.web.cern.ch/about/hl-lhc-project


The Challenge of Pileup
•Pileup = number of proton-proton collision per bunch crossing 

•Instantaneous luminosity of 5 (7) ×1034 cm−2s−1 corresponds to an average pileup 
of 〈µ〉 of 140 (200).

13

Simulated pileup in ATLAS tracker

Run 1 
Pile up of 23

HL-HLC 
Pile up of 230



ATLAS and CMS Upgrades
•ATLAS and CMS will be upgraded to achieve the same or better 

performance as in Run 1. 

‣ Pileup mitigation is a critical element of detector designs. 

•Recently released detector Scoping Documents investigate the impact 
of different detector cost scenarios on physics performance. 

•e.g. for 2022: New tracking detectors, new trigger systems, new 
timing detectors.

14

CERN-LHCC-2015-020 
CERN-LHCC-2015-019

CMS trigger upgrades 

!  Upgrades result in significant improvement in 
triggering on Higgs bosons 11!

ATLAS CMS

https://cds.cern.ch/record/2055248?ln=en
https://cds.cern.ch/record/2055167?ln=en


HL-LHC Analysis Techniques
• Much effort is focussed on understanding how to mitigate 

pileup in physics analyses 

• e.g. New method proposed in the literature Pileup Per Particle 
Identification arXiv:1407.6013

15
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Pile-up jet rejection 

•  Rate of pileup jets/true jets for 
Particle Flow algorithm (PF) 
Plus rejecting charged hadrons 
from pileup vertices (CHS) 
Using Puppi algorithm 

•  Impact on ET
miss of using 

extended tracking information 
to reject pile-up jets 

•  (resolution as a function of 
ΣET in ttbar events) 

HL-LHC Physics Pippa Wells, CERN 5 

Pileup Per Particle Identification  
arXiv:1407.6013 [hep-ph] 
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Pileup Jet Rate

9

Pileup Jet Rate defined as: N(reco jets) / N (reco jet matched to gen jet)!
!
Pileup jet rate of corrected jets as a function of pt in the barrel 0 < |η| < 1.3 region of 
the detector in a QCD-multijet sample.!
!
!
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HL-LHC Analysis Techniques

16

•High mass final states and high collision energy lead to highly boosted and 
close objects e.g. W→jj, Z→jj, t→Wb→jjb 

•Jet substructure techniques will be key to reconstruct some of these 
signals; crucial for new high-mass objects.

Jet Substructure



HL-LHC Physics Prospects

•Results are projections from refining current analyses or designing 
new ones. 

•In some cases, several different systematic uncertainty scenarios are 
presented. 

•Many results are presented in the context of specific models.
17

Higgs boson physics Exotics physics

SUSY physics

Top quark physics
HH production

Vector boson scattering



Higgs Boson Physics

18

•HL-LHC will be a Higgs boson factory ⇒ over 100 million Higgs bosons in 3000 fb−1
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•50 leptonic H→J/ψ γ               
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HL-LHC a Higgs boson factory with 3000 fb-1 
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the main production 
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WW, bb̅

19

ZH, H→bb̅ These final sum of non-Higgs background representations plus MC Higgs samples are used as PDFs to
generate toy-MC events used in this analysis.

A signal+background model is then fitted to the toy-MC generated events. The background model
used is an exponential function and the signal model is a Gaussian with mean set to 125 GeV and
width set to the value expected from MC simulation for each of the categories. Signal and background
yields are obtained by integrating the signal and background fits in the mass range 122 GeV < m�� <
128 GeV. Signal yields are also computed from MC expectations, integrating the signal-only di-photon
mass distribution in the same mass range and are in good agreement with those from the fit.

The systematic uncertainty on the parametrization of the background was estimated as the di↵erence
in the number of background events under the signal peak when fitting a high statistics (300 ab�1 equiv-
alent) toy-MC background-only distribution with an order-4 and order-6 Bernstein polynomial and the
nominal exponential function.

 [GeV]γγm

100 120 140 160

0

200
Background subtracted events
Signal Fit

100 120 140 160

E
ve

n
ts

 /
 (

 2
 G

e
V

 )

0

100

200

300

=14 TeVs, 
-1

 L dt = 3000 fb∫
Simulation
Background Fit

ATLAS Simulation Preliminary

(a) ttH-1`

 [GeV]γγm

100 120 140 160

0

50 Background subtracted events
Signal Fit

100 120 140 160

E
ve

n
ts

 /
 (

 4
 G

e
V

 )

0

20

40

60
=14 TeVs, 

-1
 L dt = 3000 fb∫

Simulation
Background Fit

ATLAS Simulation Preliminary
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(d) ZH

Figure 3: Invariant mass distribution of the two isolated photons in the final state on the ttH-1` (top
left), ttH-2` (top right), WH (bottom left) and ZH (bottom right) categories. Small statistics background
simulation samples are replaced by toy MC generated distributions from exponential fits.

The resulting invariant mass distribution of the two isolated photons and the corresponding sig-
nal+background model fit is shown in Figure 3 for all four categories in the analysis. The background
subtracted mass distribution is also shown. The signal and background yields obtained from the fits are

5

ATL-PHYS-PUB-2014-012Higgs Boson Peaks with 3000 fb−1
ATL-PHYS-PUB-2013-014

294 Chapter 10. Exploring the High Luminosity LHC Physics Program
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Figure 10.4: Four lepton mass distributions obtained with 3000 fb�1 for the signal sample,
H ! ZZ ! 4`, and for the irreducible ZZ ! 4` background. Both processes have been
simulated with the aged Phase-I detector with pileup of 140 and the Phase-II detector with
pileup of 140. The bottom right plot shows the sum of all 4` final states.
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Figure 10.5: The cut flow table for the full analysis chain is shown for the Phase-II detector with
pileup of 140, parametrized with Delphes, for the signal sample H ! ZZ⇤ ! 4µ for various
hypotheses of the muon detector coverage.

namely through studies of the decay to b-quarks and tau-leptons [221]. The HL-LHC will give
unique access to Higgs boson couplings to second-generation fermions. Measurements of the
couplings of the Higgs boson to the second generation are more challenging, as a result of their
smaller values and hence smaller experimental rates. The most promising channel is the search

H→ZZ →ℓℓℓℓ

t t̅H, H→γγ 
1 lepton

VBF, H→WW 

CERN-LHCC-2015-010

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-012/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/
http://cds.cern.ch/record/2020886/files/
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particular treatment aiming at distinguishing VBF from the ggF signal production, as proposed in
Section XI.3.2 for H ! ZZ(⇤) decays, has been investigated here; consequently, the current large
theoretical uncertainties reflect partly the large ggF contamination of this VBF H!WW (⇤) measure-
ment.

Table 35. The �µ/µ and significance for VBF H!WW(⇤) are shown for the three scoping scenarios. Results
with and without the theoretical uncertainties on the VBF or ggF Higgs boson production are included.

Scoping Scenario without theo. unc. with theo. unc.
�µ/µ Z0-value (�) �µ/µ Z0-value (�)

Reference 0.14 8.0 0.20 5.7
Middle 0.20 5.4 0.25 4.4
Low 0.30 3.5 0.39 2.7

In conclusion, this analysis shows a large sensitivity to the three scoping scenarios. This arises
primarily through the use of the b-jet veto and central jet veto. The evaluation of their individual
contribution has to take into account the strong correlation between them. If the central jet veto is
dropped for jets in the pseudo-rapidity region |⌘| > 2.4, a degradation of the uncertainty on the signal
strength by 120% and 24% in the Low and Middle scenario, respectively, is observed with respect to
the Reference scenario. This drop is explained by the lack of b-tagging in the very forward region of
the Middle and Low scenarios. This illustrates the importance of b-tagging in the very forward region
for physics processes where top-quark production represents an important background for precision
measurements and for new physics searches.

Alternatively, if the b-tagging is released in the very forward region, the effect of the central jet
veto can be evaluated. The result shows a degradation of the signal strength measurement by 94%
and 50% in the Low and Middle scenario, respectively. A strong degradation of the measurement,
due to pile-up jets that are not rejected by tracking confirmation, is expected also in the Middle
scenario.

XI.3.4 Studies of W±W± boson scattering in the final state with two
same charge leptons and two jets

The measurement of vector boson scattering VV ! VV with V = W,Z by electroweak processes
provides a unique window into the nature of the electroweak symmetry breaking mechanism as well
as into potential new physics in the electroweak sector. The W±W±-electroweak scattering process
is experimentally interesting since it offers the rare signature of two same-sign leptons with two
forward jets (W±W± j j), and is a final state where the electroweak signal is comparable in size to
that from QCD-induced processes, which are considered as a background here. With Run 1 data
there is evidence of the electroweak cross-section, with a significance of 3.6 standard deviations,
and the cross-section is statistically limited with a total uncertainty of about 30% [92].

In this analysis, events are selected if they contain two leptons (e/µ) with the same electric
charge, two forward jets, and moderate missing transverse momentum. One of the leptons must
pass the single lepton trigger. The object selection depends on the scenario under consideration as
documented in Section XI.2 and it is summarised in Table 36. Pile-up jets are superimposed, and
the track confirmation algorithm is applied to all jets, selecting the operating point with a pile-up jet
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• Used to motivate the ATLAS upgrade detector design in the Scoping 
Document. 

• Two forward jets in the detector
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Figure 7: The ��`` (a), mT (b), | �y j j | (c), and mjj (d) after the mT requirement in the signal region for the bronze
scenario.

The | �y j j | optimization in Figure 8 (b) indicates little to no improvement from applying this cut. In fact,242

the analysis selects on the jet ⌘ because this variable was not found to add significant information after the243

mjj>1.25 TeV selection. In Figure Figure 8 (c), the highest central jet pT has its best performance at the244

lowest available jet threshold of 30 GeV. The lower jet thresholds were not available in the performance245

recommendations. In Figure 8 (d), the leading jet pT threshold continues to improve the �µ out till around246

100 GeV, but the MC statistics are very low beyond 100 GeV, which makes it di�cult to determine the247

best selection. The sub-leading jet threshold was also loosened 40 GeV to allow for a larger range of248

scanning, so most of the improvement observed is already included in the analysis. Finally, in Figure 8249

(e), the sub-leading jet pT threshold is improves �µ out to approximately 80 GeV. The selection criteria of250

60 GeV has a similar �µ to the 80 GeV selection for the gold scenario, but the silver and bronze improve251

significantly. The silver scenario seems to gives identical performance in �µ as the gold scenario with252

a sub-leading jet selection of 80 GeV. The optimization on ��`` in Figure 8 (f) indicates that a tighter253

selection of 0.4 improves the �µ to 0.14 for the gold scenario.254
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DRAFT

HWW HWW vbf WW qqww WZ/ZZ/W� tt̄ SingleTop Z+jets W+jets data HWW ggf bkgs
Input 202580 ± 960 30890 ± 280 2788600 ± 4900 2617600 ± 4800 1301000 ± 9100 28481000 ± 17000 2566200 ± 6700 11068000 ± 39000 8640000 ± 41000 171690 ± 910 55017000 ± 60000
CutChannel 202580 ± 960 30890 ± 280 2788600 ± 4900 2617600 ± 4800 1301000 ± 9100 28481000 ± 17000 2566200 ± 6700 11068000 ± 39000 3343800 ± 9100 171690 ± 910 49721000 ± 45000
CutLepPt 170410 ± 880 27530 ± 270 2643500 ± 4700 2480900 ± 4600 1026900 ± 8300 27044000 ± 17000 2429600 ± 6500 8825000 ± 36000 2008000 ± 6100 142880 ± 840 44120000 ± 42000
CutAnalysis 170410 ± 880 27530 ± 270 2643500 ± 4700 2480900 ± 4600 1026900 ± 8300 27044000 ± 17000 2429600 ± 6500 8825000 ± 36000 2008000 ± 6100 142880 ± 840 44120000 ± 42000
CutSign 165280 ± 870 22570 ± 240 2635700 ± 4700 2473500 ± 4600 533300 ± 6200 26957000 ± 17000 2414200 ± 6500 8673000 ± 33000 1002200 ± 5000 142710 ± 840 42358000 ± 39000
CutMll 164030 ± 870 22480 ± 240 2633100 ± 4700 2471100 ± 4600 526000 ± 6200 26937000 ± 17000 2412600 ± 6500 8670000 ± 33000 998100 ± 5000 141550 ± 840 42319000 ± 39000
CutVBFFilter 164030 ± 870 22480 ± 240 2633100 ± 4700 2471100 ± 4600 526000 ± 6200 26937000 ± 17000 2412600 ± 6500 8670000 ± 33000 998100 ± 5000 141550 ± 840 42319000 ± 39000
CutZVeto 164030 ± 870 22480 ± 240 2633100 ± 4700 2471100 ± 4600 526000 ± 6200 26937000 ± 17000 2412600 ± 6500 8670000 ± 33000 998100 ± 5000 141550 ± 840 42319000 ± 39000
Cut2jMET 150940 ± 840 20730 ± 230 2339000 ± 4500 2186700 ± 4300 464600 ± 6000 25593000 ± 16000 2265600 ± 6300 5120000 ± 27000 753800 ± 4100 130210 ± 800 36666000 ± 33000
CutNJet 39840 ± 470 10150 ± 150 417800 ± 2500 380900 ± 2400 129800 ± 3300 17913000 ± 14000 1032200 ± 4200 1124000 ± 17000 66100 ± 1300 29680 ± 440 20713000 ± 22000
Cut2jJetPt 9380 ± 230 3500 ± 100 77700 ± 1000 64990 ± 920 35200 ± 1600 8180500 ± 9400 314900 ± 2300 181700 ± 7300 11100 ± 520 5880 ± 210 8807000 ± 12000
Cut2jBveto 8300 ± 220 3131 ± 95 68150 ± 960 58730 ± 900 31700 ± 1600 2565200 ± 5400 129900 ± 1500 162200 ± 5700 10310 ± 510 5170 ± 200 2972700 ± 8200
Cut2jPttot 6000 ± 180 2504 ± 85 50380 ± 800 42700 ± 750 21600 ± 1300 1564000 ± 4200 86500 ± 1200 130200 ± 5300 2990 ± 260 3490 ± 160 1859100 ± 7100
Cut2jMtt 4450 ± 160 1870 ± 79 23820 ± 480 20070 ± 420 9800 ± 1000 918900 ± 3200 47450 ± 920 37500 ± 4100 1460 ± 180 2580 ± 140 1041500 ± 5400
Cut2jEtaCen 1630 ± 120 931 ± 70 5850 ± 230 4270 ± 190 2580 ± 600 127100 ± 1400 8140 ± 400 9700 ± 1600 248 ± 84 699 ± 98 154300 ± 2200
Cut2jEtaCen2 785 ± 99 479 ± 48 2410 ± 150 1760 ± 130 1130 ± 460 27790 ± 710 1790 ± 210 4500 ± 1000 115 ± 57 306 ± 86 38000 ± 1300
Cut2jMjj 513 ± 94 346 ± 46 916 ± 84 431 ± 55 192 ± 57 6250 ± 300 460 ± 130 700 ± 170 24 ± 31 167 ± 82 8710 ± 390
Cut2jCJV 423 ± 93 282 ± 45 519 ± 68 191 ± 39 120 ± 47 1660 ± 150 138 ± 57 182 ± 82 16 ± 28 61 ± 20 2770 ± 210
Cut2jOLV 421 ± 93 280 ± 45 506 ± 68 183 ± 38 113 ± 46 1560 ± 140 138 ± 57 182 ± 82 16 ± 28 61 ± 20 2660 ± 210
Cut2jMll 406 ± 93 265 ± 45 83 ± 18 34 ± 12 105 ± 46 423 ± 74 64 ± 38 112 ± 64 -12 ± 17 61 ± 20 920 ± 140
Cut2jDphill 393 ± 93 252 ± 45 70 ± 17 22 ± 11 81 ± 39 387 ± 71 45 ± 32 27 ± 17 -14 ± 17 61 ± 20 740 ± 120
Cut2jMT 337 ± 93 200 ± 44 48 ± 14 16.6 ± 8.9 55 ± 34 209 ± 56 28 ± 28 27 ± 17 -14 ± 17 57 ± 18 490 ± 110

Table 10: Signal region cutflow for the VBF H!WW (⇤)! `⌫`⌫ 275M-gold scoping scenario.
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Figure 6: The ��`` (a), mT (b), | �y j j | (c), and mjj (d) after the mT requirement in the signal region for the silver
scenario.
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DRAFT

D. Cutflows and Distributions221

D.1. Results for the 275M-gold scenario222

Here the results obtained using the samples for the 275M-gold layout. Table 10 shows the signal and223

background event yields and a Figure 5 shows the resulting distributions of ��``, mT, | �y j j |, and mjj.224
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Figure 5: The ��`` (a), mT (b), | �y j j | (c), and mjj (d) after the mT requirement in the signal region for the gold
scenario.

D.2. Results for the 235M-silver scenario225

Here the results obtained using the samples for the 235M-silver layout. Table 11 shows the signal and226

background event yields and a Figure 6 shows the resulting distributions of ��``, mT, | �y j j |, and mjj.227
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Mass of two forward jets:



Example – H!ZZ!4 leptons 

•  High purity signal. Measure all 5 main production modes with 3000 fb-1 

 

•  Vector Boson Fusion and ttH events have extra jets.  

•  WH, ZH events have extra leptons 

HL-LHC Physics Pippa Wells, CERN 11 

Signal events ggH VBF ttH WH ZH
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Still Golden: H→ZZ→ℓℓℓℓ
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Large statistics will be used for dσ/dpT(H), dσ/dNjets

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-014/


Higgs CP Studies
•H→ZZ→4ℓ used to reconstruct the full angular decay 

structure. 

•Very sensitive to non-SM (CP = 0+) contributions.

22

SM tree processes loop CP-even 
contributions

CP-odd 
contributions 

(BSM)
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•Fit fraction of event (fai) and phases (ϕi) to observed decay:



Higgs CP Studies

•Extra contributions constrained to |f| ~ 10 % with 3000 fb−1.

23

Loop-induced CP-even contribution

ATL-PHYS-PUB-2013-013

arXiv:1307.7135

18 5 Discovery Potential: Supersymmetry

Table 4: Estimated precision on the measurements of ratios of Higgs boson couplings (plot
shows ratio of partial width. It will be replaced by a plot of ratio of couplings by the time of
the pre-approval. Uncertainties are 1/2). These values are obtained at

p
s = 14 TeV using

an integrated dataset of 300 and 3000 fb�1. Numbers in brackets are % uncertainties on the
measurements estimated under [scenario2, scenario1], as described in the text.

L (fb�1) kg · kZ/ kH k

g

/kZ kW/kZ kb/kZ k

t

/kZ kZ/kg kt/kg k

µ

/kZ kZg

/kZ
300 [4,6] [5,8] [4,7] [8,11] [6,9] [6,9] [13,14] [22,23] [40,42]
3000 [2,5] [2,5] [2,3] [3,5] [2,4] [3,5] [6,8] [7,8] [12,12]

Projections of the expected �2 lnL values from the fits assuming 300 fb�1 and 3000 fb�1 are
shown in Fig. 15. A 68% (95%) CL limit on the contribution of fa3 can be achieved at the level
of 0.07 (0.13) with 300 fb�1 and 0.02 (0.04) with 3000 fb�1. The analysis is limited by statistical
uncertainties up to a high luminosity, but all sources of systematic uncertainties are preserved
in the projections.

Figure 15: Distribution of expected �2 lnL for fa3 for the projection to 300 fb�1 (green, dotted)
and 3000 fb�1 (magenta, dot-dashed).

5 Discovery Potential: Supersymmetry
After the observation of a Higgs boson at the LHC, the question about the large quantum
corrections to its mass are more pressing than ever. A natural solution to this hierarchy problem
would be the cancellation of these corrections from new particles predicted by supersymmetry
(SUSY), which have the same quantum numbers as their SM partners apart from spin. No
evidence for supersymmetric particles has been found with the data taken at the LHC withp

s = 8 TeV, but the energy upgrade to 14 TeV together with higher luminosities will open the
possibility to access a new interesting mass window in the next years.

Extrapolations of several searches for SUSY by CMS [34–39] are performed by scaling the lu-
minosity and taking into account the change of cross section with higher energy accordingly.
The projections are made based on 8 TeV Monte Carlo samples and without optimizing the
selections for searches at higher energies and higher luminosities. In “Scenario A” the signal

CP-odd contribution

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-013/
http://arxiv.org/abs/1307.7135


Rare Processes 

•H→µµ – measures coupling to second 
fermion generation 

‣ ATLAS and CMS expect >7σ significance 
with 3000 fb−1 

‣ coupling measured to 5-10%  

•H→Zγ 
‣ Tests loop structure of decay, compare 

with H→ZZ H→γγ 
‣ ~4σ significance possible with 3000 fb−1 

despite the challenging background 
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Rare processes 

•  H!µµ – second generation 

•  ATLAS and CMS expect >7σ 
significance with 3000 fb-1 

•  ! coupling measured to 
5-10% 

•  ttH, H!µµ (ATLAS) 

•  ~30 signal events in 3000 fb-1 
but good signal:background 

•  H!Zγ 

•  Tests the loop structure of 
the decay (compare with 
H!ZZ and H!γγ) 

•  ~4σ significance possible 
with 3000 fb-1 despite the 
challenging background 
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Figure 11: Estimated precision on the measurements of the signal strength for a SM-like Higgs
boson. The projections assume

p
s = 14 TeV and an integrated dataset of 300 fb�1 (left) and

3000 fb�1 (right). The projections are obtained with the two uncertainty scenarios described in
the text.

4.4 Coupling-Modifier Fit

The event yield for any (production)⇥(decay) mode is related to the production cross section
and the partial and total Higgs boson decay widths via the narrow-width approximation:

(s · BR) (x ! H ! ff ) =
sx · Gff

Gtot
, (1)

where sx is the production cross section through the initial state x, Gff is the partial decay width
into the final state ff , and Gtot is the total width of the Higgs boson. In particular, sggH, Ggg,
and G

gg

are generated by quantum loops and are directly sensitive to the presence of new
physics. The possibility of Higgs boson decays to BSM particles, with a partial width GBSM, is
accommodated by keeping Gtot as a dependent parameter so that Gtot = Â Gii + GBSM, where the
Gii stand for the partial width of decay to all SM particles. The partial widths are proportional
to the square of the effective Higgs boson couplings to the corresponding particles. To test
for possible deviations in the data from the rates expected in the different channels for the SM
Higgs boson, factors ki corresponding to the coupling modifiers are introduced and fit to the
data [33].

Figure 12 and Table 3 show the uncertainties obtained on ki for an integrated dataset of 300 fb�1

and 3000 fb�1. The expected precision ranges from 5–15% for 300 fb�1 and 2–10% for a dataset
of 3000 fb�1. The measurements will be limited by systematic uncertainties on the cross section,
which is included in the fit for the signal strength. The statistical uncertainties on ki are below
one percent. As for the results on the signal strength, to illustrate the importance of theoretical
uncertainties, a fit was performed without considering theoretical systematics. The results are
shown in Fig. 13.

The likelihood scan versus BRBSM = GBSM/Gtot yields a 95% CL of the invisible BR of 18 (11)
% for Scenario 1 and 14 (7) % for Scenario 2 for 300 (3000) fb�1. This scan assumes that the
coupling to the W and Z boson are equal to or smaller than the SM values. Fits for ratios of
Higgs boson couplings do not require assumptions on the total width or couplings to the W
and Z boson. The results are shown in Figure 14 and Table 4.

The measurement of couplings can be extended to first- and second-generation fermions. Previ-
ous studies have shown that the Higgs decay to a pair of muons can be observed in gluon-gluon

3000 fb−1

Scenario 2:  
TH unc. scaled by 1/2 
EXP unc. scaled by √ℒ

arXiv:1307.7135             

Summary of precision for 3000 fb−1: 
• ~ 4 - 5% for main channels 
• ~ 10 - 20% on rare modes 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
http://arxiv.org/abs/1307.7135


Higgs Boson Width

•H→ZZ→4ℓ: Use the interference 
between off-shell and on-shell 
production to measure Γ(H)

ATL-PHYS-PUB-2015-024

• For 3000 fb−1 ; using uncertainty between background signal of 
σ(RH*B) = 10% ;combining on-shell and off-shell measurement; 
assuming off-shell measurement dominates, for Γ = ΓSM gives:                              

Γ H= 4.2+1.5−2.1 MeV (stat+sys) 

https://cds.cern.ch/record/2037715
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•Experiments measure cross section times branching ratio  

• Interpretation with coupling scale factors, κ, is model dependent
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Interpretation as coupling scale factors 

•  Experiments measure cross section times branching ratio 

•  Interpretation with coupling scale factors, κ, is model dependent 
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fusion and via vector-boson fusion production [30–32]. The dimuon events can be observed as
a narrow resonance over a falling background distribution. The shape of the background can
be parametrized and fitted together with a signal model. Assuming the current performance of
the CMS detector, we confirm these studies and estimate a measurement of the hµµ coupling
with a precision of 8%, statistically limited in 3000 fb�1.
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4.5 Spin-parity

Besides testing Higgs couplings, it is important to determine the spin and quantum numbers
of the new particle as accurately as possible. The full case study has been presented by CMS
with the example of separation of the SM Higgs boson model and the pseudoscalar (0�) [7].
Studies on the prospects of measuring CP-mixing of the Higgs boson are presented using the
H! ZZ⇤ ! 4l channel. The decay amplitude for a spin-zero boson defined as

A(H ! ZZ) = v�1
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sented. The results take into account the impact of radiation damage and pileup, as well as
the improvement to the detector planned to preserve its capabilities. More complete and de-
tailed projections are given in chapter 10, which also presents the assumptions that went into
producing each result.

The study of the Higgs boson will continue to be central to the program. It will include precise
measurements of the Higgs boson couplings, probing of its tensor structure, and the search
for rare SM and BSM decays. The enormous dataset will give access to all the p-p production
processes and decays of the Higgs boson. Figure 1.10 shows the current CMS results (left) and
a projection for the measurement of Higgs boson couplings in a dataset of 3 ab�1 at 14 TeV
center-of-mass energy (right) as a function of the boson or fermion masses [8, 9]. Compared
to a precision of about 20% on Higgs boson couplings today, percent-level precision can be
reached for most coupling measurements. The coupling to the second-generation fermions will
be probed for the first time measuring the Higgs boson decay to two muons. Measurements of
di-Higgs production with a cross section of about 40 fb will allow the study of the Higgs boson
self coupling.
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Figure 1.10: Observed and projected precision on Higgs boson couplings as a function of boson
or fermion masses.

Figure 1.11 shows the predicted mass distribution for H ! ZZ⇤ to four leptons for the full
Phase-II luminosity with the upgraded CMS detector. This may be compared with the Run-I
result shown in Figure 1.2 of this report, which has less than 1% of the integrated luminosity
shown here.

Higgs boson coupling to charged leptons is a crucial measurement. The coupling to electrons is
too small to measure, but the coupling to t-leptons will be well-measured by the end of Phase-
II. The couplings to the muons, whose branching fraction is only ⇠10�4 will become accessible
at the HL-LHC.

In addition, the role of the Higgs boson in the electroweak symmetry breaking will be tested in
studies of the vector boson scattering processes. These measurements could also be sensitive to
new physics through the triple-gauge couplings (TGCs) and quartic-gauge couplings (QGCs).
Forward-jet tagging will be crucial to efficiently identify these processes. In general, precision
measurements of electroweak observables have played a key role in validating the SM and in
putting indirect constraints on BSM physics.

3000 fb−1

CERN-LHCC-2015-010

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
http://cds.cern.ch/record/2020886/files/


HH

30



Higgs Boson Pair Production
• Higgs boson pair production includes destructive interference between two 

types of processes: 
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Figure 10.10: Di-photon mass distribution for the estimated signal and background contribu-
tions. The data points show the result of a pseudo-experiment.
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Figure 10.11: The median expected relative uncertainty on the signal yield as a function of the
relative change of b-tagging (left) and photon identification (right) efficiencies.

10.1.4.2 bbtt final state

The t

µ

th, and thth di-tau final states, where th denotes hadronic tau decays, and t

µ

denotes tau
decays to muons, are studied. About 9000 bbtt di-Higgs events per experiment are expected
at HL-LHC with 3 ab�1. However, the tt̄ background with fully leptonic decays to taus is over-
whelming. Another source of large background is Drell-Yan production of a Z boson decaying
into a pair of tau leptons produced in association with jets, where light jets are mis-tagged
as b-jets. The important single Higgs boson backgrounds are ZH, where the Higgs boson is
produced in association with a Z boson, and tt̄H, where the Higgs boson is produced in asso-
ciation with a top quark-antiquark pair. The remaining backgrounds considered are single top
and tt̄ produced in association with a vector boson, and di-boson processes. The QCD multi-jet

CERN-LHCC-2015-010

•bb mass peak is broad 
•γγ shows narrow resonance 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-019/
http://cds.cern.ch/record/2020886/files/


H→γγ, H→bb̅ candidate event at √s=8 TeV
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arXiv:1406.5053

http://arxiv.org/abs/1406.5053


CMS HH!bbττ 

•  Major background from ttbar, with t!τvb  

•  Kinematic variables to distinguish signal from background 

 

•  Combining τhτh and τhτµ gives 105% signal uncertainty 

•  Combining bbγγ and bbττ: 1.9σ significance, 54% signal uncertainty 

•  HH!bbWW, 37.1 signal events with 3875 background (ttbar) ! 200% 
uncertainty on signal strength 

HL-LHC Physics Pippa Wells, CERN 24 

CMS CERN-LHCC-2015-010
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HH→bbττ
•Major background from t t̅, with t→τvb 

•Results for 3000 fb−1 and SM (λ=1): 

•ATLAS: All ττ final states considered 

‣ 13 HH→bbττ events after full event 
selection cf 803 background events 

•CMS: τ(had) τ(had) & τ(µ) τ(had) ; kinematic 
variables to distinguish signal from background 

‣ Just 0.9 σ sensitivity
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ATL-PHYS-PUB-2015-046

CERN-LHCC-2015-010

https://cds.cern.ch/record/2065974
http://cds.cern.ch/record/2020886/files/


Vector Boson Scattering
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Vector Boson Scattering
•Explore electroweak symmetry breaking 

through VBS: e.g. Look for W+W+, W−W− and 
WZ final states

36

arXiv:1405.6241

•In Run 1, ATLAS (CMS) observed 4.5σ (2.0σ) 
evidence for W±W±jj production

•CMS: Limits placed on dimension-8 
operators, fX / Λ4 (à la Eboli, Gonzalez-
Garcia, Mizukoshi arXiv:hep-ph/0606118)

arXiv:1410.6315

http://arxiv.org/abs/1405.6241
http://arxiv.org/abs/hep-ph/0606118
http://~


Run 1 Evidence for Weak Boson 
Scattering

37

arXiv:1405.6241

http://arxiv.org/abs/1405.6241


•WW: Very clear signature expected 
with sensitivity to 125 GeV Higgs 
boson propagator 

• WZ: More challenging due to large 
QCD contribution.  

38

Weak Boson Scattering 
Prospects

306 Chapter 10. Exploring the High Luminosity LHC Physics Program

Figure 10.14: Left, the Df between the two final state charged leptons for the same-sign WW
scattering, after the VBS selections, for positive muons in the non-aged Phase-I scenario. Right,
an example of the expected differences for polarized scatterings in the WZ analysis.

Figure 10.15: Left, the differences in shape of Dhjj between the two final state jets for the WW
scattering, before the VBS selections, for signal and background. Right, the m`` distribution at
the end of the analysis chain, still for the WW scattering, showing the expectation for the SM
case and for a signal hypothesis with enhanced anomalous couplings.

ferences for polarized scatterings in the WZ analysis. In this case the VLVL ! VLVL signal is
searched for on top of the background and the other scattering components. Figure 10.15, on
the left, shows the Dhjj between the two final state jets for the WW scattering, before the VBS
selections. On the right, the m`` distribution is shown at the end of the analysis chain, still
for WW scattering, showing the expectation for the SM case and for a signal hypothesis with
enhanced anomalous couplings.

CMS-PAS-FTR-13-006

https://cds.cern.ch/record/1606835?ln=en


Beyond the Standard Model
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Additional Heavy Higgs bosons
•Additional Higgs doublets predicted in many models, including Supersymmetry. 

•e.g. A two-Higgs doublet (2HDM) model includes four new Higgs boson: 

•α is a mixing angle between the Higgs doublets 

• tanβ is the ratio between the vev the Higgs doublets

40

ATL-PHYS-PUB-2013-016 

A→Zh → ℓℓbb reconstruction (2HDM)

h0 A0H+H0H−

125 GeV CP odd

cos(β−α)→0 
 if h0 is SM-like

CMS-PAS-FTR-13-024

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-016/
https://cds.cern.ch/record/1607086/


Higgs Portal to Dark Matter
•In the SM Higgs boson couples to all 

massive particles 

‣ very likely Higgs boson will also 
couple to any DM WIMPs, χ 

‣ look for a branching ratio for Higgs 
boson to invisible particles  

‣ Coupling of χ to H take as free 
parameter; BR(inv) sets a limit on 
the interactions of χ 

• In 3000 fb−1 

‣ATLAS: BR(inv) < 0.13                           
(0.09 w/out theory uncertainties) 

‣CMS: BR(inv) < 0.11                            
(0.07 in alt. theory uncertainty)
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Higgs portal model:
ATLAS (95% CL) in

-1dt = 3000 fbL∫ = 14 TeV,  s

,νlνl→WW*→4l, h→ZZ*→, hγγ→h

µµ→bb, h→, hττ→, hγZ→h

   LHC complements direct DM search experiments in the lower mass range 

ATL-PHYS-PUB-2014-017

https://cds.cern.ch/record/1956711


SUSY production at the LHC

42

gluinos

neutralinos (χ͠ 0) & charginos (χ͠±): 
superpositions of Higgsinos, Wino, Bino

h

A

H±

h ̃

Ã

H̃±

stops

squarks

The lightest neutralino (LSP) is candidate to explain dark matter.  



Stop and Sbottom Searches
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Stop and sbottom 

•  Naturalness motivates stop/sbottom searches  
where the third family squarks are lightest 

•  ATLAS stop & sbottom pair production 

•  CMS gluino pair production with decay 
via stop to ttχ 

HL-LHC Physics Pippa Wells, CERN 32 

5σ discovery, simplified model 300 fb-1 3000 fb-1 

stop mass from direct production  [ATLAS] Up to 1.0 TeV Up to 1.2 TeV 

gluino mass with decay to stop  [CMS] Up to 1.9 TeV Up to 2.2 TeV 

sbottom mass from direct production  [ATLAS] Up to 1.1 TeV Up to 1.3 TeV 

Stop pair production; ̃t� t�̃0
1 Sbottom pair production; b̃1 � b�̃0

1

ATL-PHYS-PUB-2013-011

ATL-PHYS-PUB-2014-010

CMS-PAS-FTR-13-014

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-011/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-010/
https://cds.cern.ch/record/1607141


Strong and Weak SUSY Production Limits

44

Large uncertainties on σ from 
knowledge of PDFs   

Strong SUSY:            
Gluino pair production

Weak SUSY: Chargino and 
neutralino decaying via WZ 

�±1 �W±�0
1,

�0
2 � Z�0

1

CMS-PAS-FTR-13-014
ATL-PHYS-PUB-2014-010

Electroweak processes eg χ1
+ χ2

0 production 

•  Weak process – benefit from high luminosity 

HL-LHC Physics Pippa Wells, CERN 30 

Chargino mass 5σ discovery, simplified model 300 fb-1 3000 fb-1 

WZ (3l analysis)   [ATLAS] Up to 560 GeV Up to 820 GeV 

WZ (3l analysis)   [CMS] Up to 600 GeV Up to 900 GeV 

WH (3l analysis)   [ATLAS] (<5σ reach) Up to 650 GeV 

WH (bb analysis)   [ATLAS] (new in 2015) (<5σ reach) Up to 800 GeV 

WH (bb analysis)   [CMS] 350-460 GeV Up to 950 GeV 

Simplified 
SUSY model

https://cds.cern.ch/record/1607141
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-010/


Summary of SUSY Simplified 
Models Reach

45

Mass scales [GeV]
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-1 discovery: 14 TeV, 3000 fbσ5
-1 discovery: 14 TeV, 300 fbσ5

95% CL limits: 8 TeV

Summary of CMS SUSY Projections with SMS 

Probe *up to* the quoted mass

Summary of simplified models 

•  HL-LHC increases discovery reach by 

•  ~20% for gluino, squark, stop 

•  ~50 to 100% for electroweak 
production of χ1

+ χ2
0  

HL-LHC Physics Pippa Wells, CERN 34 

ATLAS  
projection 

gluino 
mass 

squark
mass 

stop 
mass 

sbottom 
mass 

χ1
+ mass 

WZ mode 
χ1

+ mass 
WH mode 

300 fb-1 2.0 TeV 2.6 TeV 1.0 TeV 1.1 TeV 560 GeV None 

3000 fb-1 2.4 TeV 3.1 TeV 1.2 TeV 1.3 TeV 820 GeV 650 GeV 
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•New physics could appear anywhere!   

‣ Look for resonances in di-leptons, γγ, t t̅, di-bosons (WW, WZ, ZZ) and extra 
missing transverse momentum.

4 TeV Kaluza-Klein gluon, gKK→ t t̅  5 TeV Z’→µ+µ−

Resonance Searches ATL-PHYS-PUB-2014-007 
ATL-PHYS-PUB-2013-003

6.2 Searches for Monoleptons+MET 27
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Figure 23: The minimum cross section times branching ratio for discovery as function of dielec-
tron (left) and dimuon (right) mass for various luminosity scenarios. For the dielectron search,
various luminosity and detector scenarios are considered, where the “EB-EB only” lines repre-
sent the reduced acceptance scenario in which electrons are reconstructed in the ECAL barrel
only.

including 90% geometrical acceptance. The primary source of background is the off-peak, high
transverse mass tail of the Standard Model W ! `n decays. Other backgrounds are negligible
at high MT, which is the dominant region to set the upper limits on the model parameters.
The background predictions are based on simulations up to very high transverse masses. Both
signal and background are generated using MADGRAPH 4.5.1.

The signal parameter in case of a discovery is determined using the profile likelihood method
by generating toy experiments. To assume a discovery, the median likelihood is required to be
less than 5s. The electron and muon channel are treated separately and their likelihoods are
combined.
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Figure 24: Projection of the 5s discovery reach for
p

s = 14 TeV for the sequential standard
model W0 .

The resulting discovery sensitivity on the W0 mass as a function of integrated luminosity is

Z’→e+e−

arXiv:1307.7135

http://cds.cern.ch/record/1708859/
http://cds.cern.ch/record/1516108
http://arxiv.org/abs/1307.7135


Mass Reach for Exotic Signatures
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Mass reach for exotic signatures 

•  Sensitivity in multi-TeV  
range increases by  
~20% with HL-LHC 

 

HL-LHC Physics Pippa Wells, CERN 37 

ATLAS @14 TeV Z’ ! ee SSM 
95% CL limit 

gKK ! t t RS  
95% CL limit 

Dark matter M*
5σ discovery 

300 fb-1 6.5 TeV 4.3 TeV 2.2 TeV 

3000 fb-1 7.8 TeV 6.7 TeV 2.6 TeV 
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Mass reach for exotic signatures 

•  Sensitivity in multi-TeV  
range increases by  
~20% with HL-LHC 

 

HL-LHC Physics Pippa Wells, CERN 37 

ATLAS @14 TeV Z’ ! ee SSM 
95% CL limit 

gKK ! t t RS  
95% CL limit 

Dark matter M*
5σ discovery 

300 fb-1 6.5 TeV 4.3 TeV 2.2 TeV 

3000 fb-1 7.8 TeV 6.7 TeV 2.6 TeV 



Top Quark Physics
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Top Quark Physics 
•Top quark mass parameter can be measured to ΛQCD ~200 MeV in 3000 fb−1. 

‣ Endpoint method, which probes the pole mass, can measure mt to 500 MeV 

•In SM BR(t→Wb) ≃ 100% Many models predict enhancements, interesting range 
starts at ~10−4 ⇒ Observing decays to other modes clear sign of new physics 

‣ HL-LHC will probe BR(t→qZ), BR(t→qγ) at ~3×10−5 at least and BR(t→cH) at ~10−4

49

Rare Decays of Top quark 

!  In SM top quark decays to Wb 
nearly 100% 
!  Observing decays to other 

modes clear sign of new physics 
!  Many models predict 

enhancements 
!  Interesting range starts at ~10-4 

!  HL-LHC will probe ~3x10-5 at 
least 47!

ATL-PHYS-PUB-2013-012
CMS-PAS-FTR-13-016
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Outlook
•We’ve come a long way, baby, but there’s still far to go… 

•With 3000 fb−1 the LHC will offer a comprehensive physics programme:

50

Precision Higgs physics: 
measure production rates 
to a few % (model dep.)

SUSY: Assuming light LSP (<1 TeV) 
discover squarks up to 1.1 TeV 
discover gluinos up to 2 TeV

Sensitivity to generic 
resonances and missing 
energy up to O (7 TeV)

Measure mtop to 200 MeV 
Sensitivity to rare top 
quark decays of <10−4

Discovery of additional Higgs 
bosons up to O (1 TeV)

Theory uncertainty dominant for many analyses

HH observation … 
might reach 5σ

triple-Higgs bosonH→cc̅

•Some analyses do remain beyond the reach of HL-LHC: 

Observation of 
H→Zγ and H→µ+µ−
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CMS’s highest mass event 
12 jet with pT>50 GeV each! 
Total mass of system 6.4 TeV



Backup
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ATLAS Upgrades
•Long Shutdown 1  

•New beam pipe at r=25mm  

•New insertable b-layer at 31 < r/mm < 40 

•Refurbished pixel readout 

•More complete muon coverage: extended 
endcap installation complete 

•Fast Tracking for L2-trigger will come online 
during run 2 

•Long Shutdown 2  

•New muon small wheel forward 
spectrometer  

•Topological L1-trigger processors  

•New forward detectors   

•For HL-LHC 

•Completely new trigger architecture with 
new hardware at L0/L1  

•Completely new tracking detector  

•Calorimeter electronics upgrades 53



ATLAS & CMS Higgs boson 
coupling fits

54

General coupling fit 

•  Photon, gluon, heavy fermions each have have their own scale factor 

 

 

 

 

 

 

 
 

•  ATLAS and CMS general coupling fits compared (%) 
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300 ATLAS [9, 9] [9, 9] [8, 8] [11, 14] [22, 23] [20, 22] [13, 14] [24, 24] [21, 21]

CMS [5, 7] [4, 6] [4, 6] [6, 8] [10, 13] [14, 15] [6, 8] [41, 41] [23, 23]
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CMS [2, 5] [2, 5] [2, 4] [3, 5] [4, 7] [7, 10] [2, 5] [10, 12] [8, 8]
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CMS Upgrade

•Long Shutdown 1: 

•Complete Muon coverage 

•New HCAL photo-detectors  

•Long Shutdown 2: 

•New Pixel detector (2017)  

•New HCAL electronics  

•L1-Trigger upgrade  

•For HL-LHC: 

•Tracker replacement, L1 Track-
Trigger 

•New forward calorimetry, muons 
and tracking 

•High precision timing for pileup 
mitigation 

55

CMS PAS FTR-13-003

CMS trigger upgrades 

!  Upgrades result in significant improvement in 
triggering on Higgs bosons 11!

Greater trigger efficiency



Run 1 Top Quark Properties
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arXiv:1403.4427 
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Run 1 observed limits on stop and LSP 
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arXiv:1506.08616 

Simplified models 
with t ̃→ LSP + X

http://arxiv.org/abs/1506.08616v1


HL-LHC: Additional Heavy Higgs bosons
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Prospects for ϕ→µµ production
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Figure 15: The 5 σ contours of the expected significance of an excess of events over the background for

the φ→ µµ search in the MSSM parameter space in the (a) b-veto and (b) b-tag categories.
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Figure 16: The 5 σ contours of the expected significance of an excess of events over the background for

the φ → µµ search in the MSSM parameter space for the statistical combination of the b-tag and b-veto

categories.

18

5 Projected sensitivity for H → ZZ → 4l

An estimate of the sensitivity of the search for a heavy Higgs boson decaying to ZZ → lll′l′, where

l, l′ = e or µ, is obtained by projecting the current ATLAS results described in Ref. [3] to 300 and 3000

fb−1 at
√
s = 14 TeV.

The selection described in [3] is applied to a heavy SM-like Higgs boson with a mass in the range

200 – 1000 GeV. The same systematic uncertainties as in [3] are assumed. The natural width of the

Higgs boson is considered to be the same as for a SM-like Higgs boson with the same mass. The quoted

cross sections for the gluon-fusion (ggF) and vector-boson-fusion (VBF) mechanisms, as well as the

Higgs boson line-shapes, have been calculated with the complex-pole-scheme [40]. The interference

with the SM continuum ZZ cross section is taken into account implicitly, by assuming an additional

uncertainty in the ZZ production prediction as in Ref. [41]. Background cross sections where scaled to

the higher
√
s accordingly to predictions obtained with MCFM [42,43].

Expected 95% confidence level CLs limits are calculated for the ggF and VBF production mecha-

nisms separately and are shown in Fig. 17. The limit plots assume that the Higgs boson is produced

only through ggF production mechanism in Fig. 17 (a) and only through VBF production mechanism in

Fig. 17 (b). In both plots the SM Higgs boson production cross section times branching ratio to 4ℓ is

shown for comparison.

The expected upper limits are ∼ 0.01–0.1 fb for ggF and ∼ 0.008–0.04 fb for VBF production for the

mass range from 200 to 1000 GeV assuming 3000 fb−1 of integrated luminosity. Even with 300 fb−1 the

expected 95% confidence level exclusion in the absence of signal is about 4 – 40 times better than the

prediction for an assumed SM Higgs boson in the same mass range.
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Figure 17: Expected 95% confidence level upper limits on the production cross section times branching

ratio of a SM-like H → ZZ → lll′l′ (l, l′ = e or µ) for (a) ggF and (b) VBF production as a function

of the Higgs boson mass. The black line corresponds to the expected exclusion assuming an integrated

luminosity of 3000 fb−1, while the blue line corresponds to 300 fb−1. The expected SM cross sections

times branching ratio are also presented (red dashed line).

6 Conclusions

The studies reported here have investigated the ATLAS sensitivity to various signatures for beyond-

SM Higgs bosons using datasets corresponding to integrated luminosities of 300 fb−1 and 3000 fb−1 at√
s = 14 TeV. A 2HDM-motivated scenario has been examined, in which a gluon-fusion produced CP-
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