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To understand the future, let’s look in the past

• Charged08:
– Feasibility studies and plans for background measurements 

for ATLAS and CMS
• Charged10:

– First measurements of physics objects and backgrounds for 
ATLAS and CMS

• Charged12:
– First experimental results for ATLAS and CMS

• Scope of this talk: what can be done experimentally en route 
to Charged14? 

– Adding new H+ channels to measurements
– Improving existing H+ analyses
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Overview of current H+ analyses

• Light H+ (mH+ < mtop),
production via t bH+, 
mostly tt bH+bW

• H+ :
– Most sensitive channel

o ATLAS: 4.6 fb-1 ( h+jets / l+jets /
h+l),  arXiv:1204.2760

o CMS: 2.3 fb-1 ( h+jets / l+jets /
l+l), arXiv:1205.5736

• H+ cs:
– Small contribution, viable for

low tan 
o ATLAS: 35 pb-1

ATLAS-CONF-2011-094
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Overview of current H+ analyses (2)

• Heavy H+ (mH+ > mtop),
production via gg/gb t[b]H+

• H+ , most promising final
state: bqq’ h

– Clear signal obtainable
with mT( h, ET

miss)
– Feasibility studies only

o ATLAS:  EPJ C C39 (2005)
o CMS: J.Phys.G 34 (2006)

• H+ tb , most promising final
state: bbbbqq’l

– Combinatorial challenge
– high tt background
– m(bbqq’) reconstructable 
– Feasibility studies only

o ATLAS: CPPM-T-2009-002 (thesis)
o CMS: J.Phys.G 34 (2006)
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Overview of current H+ analyses (3)

• More exotic channels for heavy H+

• H+ + 0, most promising
final state: lll 0 0+ tb

– High SUSY background
– Feasibility studies only

o ATLAS: EPJ C 44 s02 (2005)
o CMS: Note 2003/004

• H+ Wh0: 
– Feasibility studies only

o ATL-PHYS-PUB-2005-017
o CMS TS-2007/005,

arXiv:0803.1154
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Rough estimate for Nsignal events

• In the next two years, LHC will be most of the time shut down
– I.e. data available to analyses for next two years will be:

5 fb-1 @ 7 TeV + ~23 fb-1 @ 8 TeV
• If a light H+ exists, one expects:

– Factor 7.5 increase in Nevents compared to 2011 only data
– Assuming Br(t bH+) = 0.01; selections = 0.01 yields

Nevents = 1200
– Dominating decay mode 
– cs plays a small role (mostly small tan )
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Rough estimate for Nsignal events (2)

• If a heavy H+ exists, one expects:
– Number of signal events assuming mh

max:
o tan = 50:

13000 for mH+ = 200 GeV
970 for mH+ = 500 GeV

o tan = 30:
4700 for mH+ = 200 GeV
350 for mH+ = 500 GeV

o tan = 10:
520 for mH+ = 200 GeV
40 for mH+ = 500 GeV

– I.e. need to have Br* selections ~> 10-4 for a chance to 
experimentally see a signal
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Rough estimate for Nsignal events (3)

• If a heavy H+ exists, one expects:
– Assuming further ~same sensitivity like in feasibility studies, one can 

estimate the number of signal events:  

– Anticipate to be the experimentally most sensitive channel
– tb and + 0 –channels become experimentally viable, but less sensitive

Decay 
mode

selections Nevents for 
mH+=200 GeV

Nevents for 
mH+=300 GeV

Nevents for 
mH+=400 GeV

Nevents for 
mH+=500 GeV

tan = 50 H+ 0.01 94 15 4.3 1.6
H+ tb 0.01 34 37 15 6.4
H+ + 0 0.1 - 16 21 17

tan = 30 H+ 0.01 33 4.7 1.3 0.4
H+ tb 0.01 13 13 5.1 1.9
H+ + 0 0.1 - 15 10 12

tan = 10 H+ 0.01 3.3 0.3 0.05 0.01
H+ tb 0.01 1.9 1.1 0.3 0.08
H+ + 0 0.1 - 8.0 4.3 3.0



L. Wendland / Future H+ prospects at LHC / Charged12, Uppsala 9

Simulation 1.0 fb-1@14 TeV
- NB! tt xsection ~5 times that
of  7 TeV xsection
- Uncert. of background 
measurements underestimated
- Thresholds on jets and leptons 
underestimated

4.6 fb-1: h+jets & h+l & l+jets

2.3 fb-1: h+jets & h+l & e/ + /e 
-  xsection uncert. 20 10 %
- h+jets: counting shape
- h+jets: btag uncert. 15 2 %
- h+jets: trigger uncert. 25 15 %

1.0 fb-1: h+jets & h+l & e/ + /e
- h+jets added

Expected 2.3 fb-1

Sensitivity of current results for
light H+

Expected 1.0 fb-1

Expected 4.6 fb-1

36 pb-1: h+l & e , limit > 0.25 1.0 fb-1: h+jets (shape analysis)

Simulation
1.0 fb-1@14 TeV

ATLAS-CONF-2011-138

arXiv:1204.2760

arXiv:0901.0512

CMS-HIG-11-002

CMS-HIG-11-008

arXiv:1205:5736

Expected 1.0 fb-1

Expected 36 pb-1

(above 0.25)

CMS preliminary results ATLAS preliminary results
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Improving the sensitivity of
existing analyses

• Adding luminosity
• Improving physics object performance
• Improving separation of signal and background
• Reducing systematical uncertainties

• On the following slides, the light H+ with H+ is taken
as an example
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Improving sensitivity by
increasing luminosity

• Adding luminosity improves sensitivity by sqrt(luminosity)
• But it is often forgotten that this statement is true only if 

– stat. > syst. for expected background and/or 
– stat. > syst. for expected signal

• Light H+ measurements are
already facing the systematics
barrier

• Heavy H+ measurements are
expected to be statistically
dominated

Example of hitting the ”systematics barrier”
(from 2008 ATLAS prognosis for 14 TeV,
arXiv:0901.0512)
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Improving sensitivity by
increasing luminosity (2)

• Second order effects from adding luminosity:
– Many of the uncertainties that are called systematic 

uncertainties are actually currently dominated by stat. 
uncertainties
o For example: trigger efficiency measurements, jet energy scale 

uncertainty, and measuring b-tagging efficiencies
o I.e. adding luminosity can improve sensitivity by reducing syst. 

uncertainties (very difficult to take into account in forecasts)
– Run conditions change

o Increased instantaneous luminosity requires increase of trigger 
thresholds loss of acceptance

o Increase in number interaction per bunch crossing causes need for 
adding cuts, correction factors, and possibly to increase selection 
thresholds of physics objects

o (Radiation damage to detectors)
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Improving sensitivity by
increasing luminosity (3)

• How to fight back if one is close to the ”systematics barrier”:
– Split analysis into smaller parts of phase space

o Counting experiment shape analysis
o 1-dimensional shape multi-dimensional

shape
o Single selection category multiple

orthogonal selection categories
o For example, 50 % of improvement of the

CMS fully hadronic analysis sensitivity
came from appying shape analysis instead
of counting experiment for 1.0 2.3 fb-1

• Cost:
– Needs a lot of optimising
– Takes a lot of analyser and CPU time
– One loses quickly the overview of the analysis

CMS-HIG-11-008 +
arXiv:1205:5736
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Improving physics object performance

• H+ analyses rely on almost all reconstructed physics objects
• Consequently, H+ analyses benefit from the improvement in 

reconstruction of taus, jets, ET
miss, b tagging, lepton ID, ...

Example of improvement in tau ID 
performance  2006 2010
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Improving separation of
signal and background

• Improving the background measurements
– For example, QCD measurement has two components in the mT

shape: back-to-back and collinear jet misidentified as tau and 
non-genuine ET

miss

– A cut on ( h, MET) can be used to suppress back-to back QCD 
multijet events

( h, ET
miss)

< 130o

appliedBack-to-back
tau and ET

miss

Collinear
tau and ET

miss
Back-to-back
tau and ET

miss

suppressed
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Improving separation of
signal and background

• Improving the background measurements
– For example, QCD measurement has two components in the mT

shape: back-to-back and collinear jet misidentified as tau and 
non-genuine ET

miss

– A cut on ( h, MET) can be used to suppress back-to back QCD 
multijet events

( h, ET
miss) < 160o applied to

reduce back-to-back QCD events
No additional suppression to
reduce back-to-back QCD events
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Improving separation of
signal and background (2)

• Introduce multivariate analysis instead of cut-based analysis
• Gain:

– Known to give ~20-30 % improvement in sensitivity
• Cost:

– Extra work
o Need to maintain, optimise, and document cut-based analysis as a 

reference
– Loss of understanding of why analysis works
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Reducing systematical uncertainties

• Replace simulated backgrounds by data-driven measurement
– Removes most systematic uncertainties

• Improving auxiliary measurements for determination of systematic 
uncertainties

– For example trigger efficiencies, jet energy thresholds, b-tagging 
efficiencies etc.

Jet energy scale uncertainty
with 2.9 pb-1@ 7 TeV

Jet energy scale uncertainty
with 1.6 fb-1@ 8 TeV
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Reducing systematical uncertainties (2)

• Constraining by fit
– Adding an orthogonal channel to the combined limit might 

be able to constrain a nuisance parameter in the fit
o For example, adding the e final state was found to improve the 

combined limit by constraining the theoretical tt cross section 
uncertainty (major uncertainty for h+l)
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Summary

• To be expected for Charged14:
– Experimentally feasible H+ decay modes

o (and cs) for light H+

Achievable: exclude most of MSSM / first signs of H+ ?
o , tb, and + 0 for heavy H+

Achievable: already sizable exclusion of high tan for MSSM / 
first signs of H+ ?

– Light H+ analyses are already facing the systematic 
uncertainty barrier
o Expect most improvement of sensitivity to come from cleaning of 

signal region and improved background measurements
– Heavy H+ analyses will still be dominated by stat. 

uncertainties
• The experimental measurements of H+ have barely

begun at LHC!


