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• Light charged Higgs searches in ATLAS with τs(*)

• Background estimation techniques

• H± → τυ + jets

• H± → τυ + leptons

• Conclusion(s)

Patrick Czodrowski 2CHARGED 2012Experimental searches for charged Higgs

OUTLINE

(*) in this talk τ denotes hadronically decaying tau leptons τ±had

http://www.grid.tsl.uu.se/chargedhiggs2012/
http://www.grid.tsl.uu.se/chargedhiggs2012/
https://indico.cern.ch/sessionDisplay.py?sessionId=1&confId=168858%2320121009
https://indico.cern.ch/sessionDisplay.py?sessionId=1&confId=168858%2320121009
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H±→τυ

3Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs

this talk covers 2/3 analyses published here:

the other one will be covered by Catrin after the coffee
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http://www.springerlink.com/content/4876m2k082hm4l06/
http://www.springerlink.com/content/4876m2k082hm4l06/
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• both presented analyses use the full 2011 4.6 fb-1 
data recorded by the ATLAS detector at √s = 7 TeV

• so far LHC searches focused on light(*) charged 
Higgs (stemming from top decays) searches

• currently ATLAS searches for the heavy H± are in 
progress

H±→τυ

4Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs

(*) mH± < mt (here considering range: 90 – 160 GeV)

_

http://www.grid.tsl.uu.se/chargedhiggs2012/
http://www.grid.tsl.uu.se/chargedhiggs2012/
https://indico.cern.ch/sessionDisplay.py?sessionId=1&confId=168858%2320121009
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H±→τυ

5Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs

lets talk about τ

(ATLAS-CONF-2011-152)

• chosen working point:     
1 or 3 prongs             
30% efficiency with       
jet rejection factors of 
~100 – 1000                   
(pT and 𝜂 dependent)

3-prong

tau-decay

hadronic τs are hard to identify!

See also 
Stefania’s 

talk!
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• main contribution from irreducible tt ̅events

• QCD multi-jet events contribute in τ+jets analysis

• backgrounds for H± (τhad) analyses are categorized in:

1. true τs

2. jets and electrons faking τs

3. multi-jet events

6Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs

background estimations

light H± from top decay
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Don’t 
miss 

Yoram’s 
talk
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• in data: loose selection of tt ̅ 
events with at least one µ in the 
final state

• identified µ replaced with 
simulated τs in order to estimate 
the contribution from tt ̅ with 
correctly reconstructed τhad‘s

7Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs
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1. true τ estimation
embedding method:

JHEP 1206 (2012) 039

more details: here

http://www.grid.tsl.uu.se/chargedhiggs2012/
http://www.grid.tsl.uu.se/chargedhiggs2012/
https://indico.cern.ch/sessionDisplay.py?sessionId=1&confId=168858%2320121009
https://indico.cern.ch/sessionDisplay.py?sessionId=1&confId=168858%2320121009
http://arxiv.org/abs/1204.2760v1
http://arxiv.org/abs/1204.2760v1
https://indico.cern.ch/contributionDisplay.py?contribId=12&confId=168858
https://indico.cern.ch/contributionDisplay.py?contribId=12&confId=168858


N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

• applying data-derived misidentification rates to 
simulation to determine contribution of misidentified 
τs from jets (W+jets) & electrons (Z→ee)

8Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs
Table: yield of the jet→τ estimation for τ+lepton analysis

2. fake τ estimation
fake rate method:

Sample Data-driven method [events] Simulation [events]

tt̄ 900 ± 15 877 ± 6

W+jets 150 ± 3 145 ± 9

Single top quark 81 ± 1 61± 2

Z/γ∗+jets 44 ± 1 69± 4

Diboson 6± 1 8± 1

Table 3. Application of the misidentification probability obtained from W+jets events in the data,
for the τ+lepton channel. The predictions of the background contributions based on data-driven
misidentification probabilities and on simulation are given, with statistical uncertainties only. In
both cases, all top quarks are assumed to decay via t → bW .

The Emiss
T distributions for the τ +e and τ +µ channels, after all selection cuts are applied,

are shown in Fig. 3.

Sample Event yield (τ+lepton)

τ + e τ + µ

True τ+lepton 430 ± 14± 59 570 ± 15± 75

Misidentified jet→ τ 510 ± 23± 86 660 ± 26± 110

Misidentified e → τ 33± 4± 5 34± 4± 6

Misidentified leptons 39± 10± 20 90± 10± 34

All SM backgrounds 1010 ± 30± 110 1360 ± 30± 140

Data 880 1219

t → bH+ (130 GeV) 220 ± 6± 29 310 ± 7± 39

Signal+background 1160 ± 30± 100 1570 ± 30± 130

Table 4. Expected event yields after all selection cuts in the τ+lepton channel and comparison
with 4.6 fb−1 of data. The numbers in the last two rows, obtained for a hypothetical H+ signal with
mH+ = 130 GeV, are obtained with B(t → bH+) = 5%. All other rows assume B(t → bW ) = 100%.
Both statistical and systematic uncertainties are shown, in this order.

6 Analysis of the τ+jets channel

The analysis presented here relies on the detection of τ+jets decays of tt̄ events, where

the hadronically decaying τ lepton arises from H+ → τhadν, while the jets come from a

hadronically decaying W boson, i.e. tt̄ → bb̄WH+ → bb̄(qq̄′)(τhadν).

6.1 Event selection

The τ+jets analysis uses events passing a τ + Emiss
T trigger with a threshold of 29 GeV

on the τ object and 35 GeV on calorimeter-based Emiss
T . The following requirements are

applied, in this order:

– 13 –

JHEP 1206 (2012) 039

more details: here
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• data-driven multi-jet background estimated by 
fitting the ETmiss distribution in a control region      
(no b-tagged jet and passing loose but not tight τ-ID)

9Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs
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3. multi-jet estimation

fitting of ETmiss shape:

JHEP 1206 (2012) 039

more details: here
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H±→τυ + jets

10Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs
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this is the “jets” side

for further details see: arXiv:1204.2760v1 [hep-ex]
Published in JHEP 1206 (2012) 039

http://www.grid.tsl.uu.se/chargedhiggs2012/
http://www.grid.tsl.uu.se/chargedhiggs2012/
https://indico.cern.ch/sessionDisplay.py?sessionId=1&confId=168858%2320121009
https://indico.cern.ch/sessionDisplay.py?sessionId=1&confId=168858%2320121009
http://arxiv.org/abs/1204.2760v1
http://arxiv.org/abs/1204.2760v1
http://arxiv.org/abs/1204.2760v1
http://arxiv.org/abs/1204.2760v1
http://www.springerlink.com/content/4876m2k082hm4l06/
http://www.springerlink.com/content/4876m2k082hm4l06/


N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

Analysis strategy:                                                       

• make use of the neutrino-free “W→jets” side to 
reconstruct the top for better background reduction

• use transverse mass mT to distinguish W± bosons 
from H± signal – very efficient due to mass difference

11Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs

H±→τυ + jets
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Figure 3. Emiss
T distribution after all selection cuts in the τ+lepton channel, for (a) τ+electron

and (b) τ+muon final states. The dashed line corresponds to the SM-only hypothesis and the
hatched area around it shows the total uncertainty for the SM backgrounds. The solid line shows
the predicted contribution of signal+background in the presence of a 130 GeV charged Higgs boson
with B(t → bH+) = 5% and B(H+ → τν) = 100%. The contributions of tt̄ → bb̄W+W− events in
the backgrounds with true or misidentified τ jets are scaled down accordingly.

• at least four jets (excluding τ jets) having pT > 20 GeV, of which at least one is

b-tagged;

• exactly one τ jet with pτT > 40 GeV, found within |η| < 2.3 and matched to a τ

trigger object;

• neither a second τ jet with pτT > 20 GeV, nor any electrons with ET > 20 GeV, nor

any muons with pT > 15 GeV;

• Emiss
T > 65 GeV;

• to reject events in which a large reconstructed Emiss
T is due to the limited resolution of

the energy measurement, the following ratio based on the
∑

pT definition of Section 5

must satisfy:
Emiss

T

0.5 GeV1/2 ·
√

∑

pT
> 13;

• a topology consistent with a top quark decay: the combination of one b-tagged jet (b)

and two untagged jets (j) with the highest pjjbT must satisfy mjjb ∈ [120, 240] GeV.

For the selected events, the transverse mass mT is defined as:

mT =
√

2pτTE
miss
T (1− cos∆φτ,miss), (6.1)

– 14 –
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• trigger: tau29_medium_xe35_noMu, tau29T_medium_xe35_noMu_3L1J10
• ≥4 jets (not identified as τhad) and ≥1 b-tagged jet 
• exactly one high pT (> 40 GeV) τhad and no µ or e
• missing transverse energy, ETmiss > 65 GeV
• ETmiss significance > 13   (                     )
• topology consistent with top-quark decay      

(invariant mass, mjjb, of the combination with         
highest pT has to lie within a range of 120 – 240 GeV)

12Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs

H±→τυ + jets
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Figure 3. Emiss
T distribution after all selection cuts in the τ+lepton channel, for (a) τ+electron

and (b) τ+muon final states. The dashed line corresponds to the SM-only hypothesis and the
hatched area around it shows the total uncertainty for the SM backgrounds. The solid line shows
the predicted contribution of signal+background in the presence of a 130 GeV charged Higgs boson
with B(t → bH+) = 5% and B(H+ → τν) = 100%. The contributions of tt̄ → bb̄W+W− events in
the backgrounds with true or misidentified τ jets are scaled down accordingly.

• at least four jets (excluding τ jets) having pT > 20 GeV, of which at least one is

b-tagged;

• exactly one τ jet with pτT > 40 GeV, found within |η| < 2.3 and matched to a τ

trigger object;

• neither a second τ jet with pτT > 20 GeV, nor any electrons with ET > 20 GeV, nor

any muons with pT > 15 GeV;

• Emiss
T > 65 GeV;

• to reject events in which a large reconstructed Emiss
T is due to the limited resolution of

the energy measurement, the following ratio based on the
∑

pT definition of Section 5

must satisfy:
Emiss

T

0.5 GeV1/2 ·
√

∑

pT
> 13;

• a topology consistent with a top quark decay: the combination of one b-tagged jet (b)

and two untagged jets (j) with the highest pjjbT must satisfy mjjb ∈ [120, 240] GeV.

For the selected events, the transverse mass mT is defined as:

mT =
√

2pτTE
miss
T (1− cos∆φτ,miss), (6.1)
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H±→τυ + jets
consistent with the estimation of the SM background. The mT distribution for the τ+jets

channel, after all selection cuts are applied, is shown in Fig. 6.

Sample Event yield (τ+jets)

True τ (embedding method) 210 ± 10± 44

Misidentified jet→ τ 36± 6± 10

Misidentified e → τ 3± 1± 1

Multi-jet processes 74± 3± 47

All SM backgrounds 330 ± 12± 65

Data 355

t → bH+ (130 GeV) 220 ± 6± 56

Signal+background 540 ± 13± 85

Table 6. Expected event yields after all selection cuts in the τ+jets channel and comparison with
4.6 fb−1 of data. The numbers in the last two rows, obtained for a hypothetical H+ signal with
mH+ = 130 GeV, are obtained with B(t → bH+) = 5%. The rows for the backgrounds with
misidentified objects assume B(t → bW ) = 100%. Both statistical and systematic uncertainties are
shown, in this order.
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Figure 6. Distribution of mT after all selection cuts in the τ+jets channel. The dashed line
corresponds to the SM-only hypothesis and the hatched area around it shows the total uncertainty
for the SM backgrounds. The solid line shows the predicted contribution of signal+background
in the presence of a charged Higgs boson with mH+ = 130 GeV, assuming B(t → bH+) = 5%
and B(H+ → τν) = 100%. The contributions of tt̄ → bb̄W+W− events in the backgrounds with
misidentified objects are scaled down accordingly.
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Figure 3. Emiss
T distribution after all selection cuts in the τ+lepton channel, for (a) τ+electron

and (b) τ+muon final states. The dashed line corresponds to the SM-only hypothesis and the
hatched area around it shows the total uncertainty for the SM backgrounds. The solid line shows
the predicted contribution of signal+background in the presence of a 130 GeV charged Higgs boson
with B(t → bH+) = 5% and B(H+ → τν) = 100%. The contributions of tt̄ → bb̄W+W− events in
the backgrounds with true or misidentified τ jets are scaled down accordingly.

• at least four jets (excluding τ jets) having pT > 20 GeV, of which at least one is

b-tagged;

• exactly one τ jet with pτT > 40 GeV, found within |η| < 2.3 and matched to a τ

trigger object;

• neither a second τ jet with pτT > 20 GeV, nor any electrons with ET > 20 GeV, nor

any muons with pT > 15 GeV;

• Emiss
T > 65 GeV;

• to reject events in which a large reconstructed Emiss
T is due to the limited resolution of

the energy measurement, the following ratio based on the
∑

pT definition of Section 5

must satisfy:
Emiss

T

0.5 GeV1/2 ·
√

∑

pT
> 13;

• a topology consistent with a top quark decay: the combination of one b-tagged jet (b)

and two untagged jets (j) with the highest pjjbT must satisfy mjjb ∈ [120, 240] GeV.

For the selected events, the transverse mass mT is defined as:

mT =
√

2pτTE
miss
T (1− cos∆φτ,miss), (6.1)
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H±→τυ + jets
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B(t→bH+) limits and MSSM interpretation of search results
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Figure 7. Expected and observed 95% CL exclusion limits on B(t → bH+) for charged Higgs
boson production from top quark decays as a function of mH+ , assuming B(H+ → τν) = 100%.
Shown are the results for: (a) lepton+jets channel; (b) τ+lepton channel; (c) τ+jets channel; (d)
combination.

over the whole investigated mass range, but in particular for mH+ close to the top quark

mass. Interpreted in the context of the mmax
h scenario of the MSSM, tan β above 12–26, as

well as between 1 and 2–6, can be excluded in the mass range 90 GeV < mH+ < 150 GeV.
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Analysis strategy:                                                 

• measure the missing transverse energy (ETmiss)          
if top quark decays mediated via H± boson              
neutrinos are very likely to carry away more energy
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Event Selection

H±→τυ + lepton
5.1 Event selection

The τ+lepton analysis relies on the same single-lepton trigger signatures as the lepton+jets

analysis presented in Section 4. In order to select τ+lepton events, the following require-

ments are made:

• exactly one lepton, having ET > 25 GeV (electron) or pT > 20 GeV (muon) and

matched to the corresponding trigger object, and no other electron or muon;

• exactly one τ jet having pT > 20 GeV and an electric charge opposite to that of the

lepton;

• at least two jets having pT > 20 GeV, including at least one b-tagged jet;

•
∑

pT > 100 GeV in order to suppress multi-jet events, where
∑

pT is the sum of the

transverse momenta of all tracks associated with the primary vertex. Tracks entering

the sum must pass quality cuts on the number of hits and have pT > 1 GeV. As this

variable is based on tracks from the primary vertex (as opposed to energy deposits

in the calorimeter), it is robust against pile-up.

Emiss
T is used as the discriminating variable to distinguish between SM tt̄ events and

those where top quark decays are mediated by a charged Higgs boson, in which case the

neutrinos are likely to carry away more energy.

5.2 Data-driven estimation of backgrounds with misidentified leptons

The estimation of the backgrounds with misidentified leptons uses the data-driven method

described in Section 4.2. When implementing the method, the dependence of real and

misidentification rates on the b-tagged jet multiplicity are taken into account, as well as

the requirement for one τ jet (instead of a τ jet veto).

5.3 Backgrounds with electrons and jets misidentified as τ jets

The background with electrons misidentified as τ jets is estimated using a Z → ee con-

trol region in the data [51], where one electron is reconstructed as a τ jet. The measured

misidentification probabilities, which have an average value of 0.2%, are then applied to all

simulated events in the τ+lepton analysis. Simulation studies show that this application

is valid, as the misidentification probabilities for Z → ee and tt̄ events are similar.

A data-driven method applied to a control sample enriched in W+jets events is used

to measure the probability for a jet to be misidentified as a hadronically decaying τ lepton.

This measured probability is used to predict the yield of background events due to jet→ τ

misidentification. Like jets from the hard process in the dominant tt̄ background, jets in the

control sample originate predominantly from quarks instead of gluons. The main difference

between tt̄ and W+jets events is the different fraction of b jets, which is smaller in W+jets

events. However, the probability for a b jet to be misidentified as a τ jet is smaller than

the corresponding probability for a light-quark jet, because the average track multiplicity

– 11 –
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18Patrick Czodrowski CHARGED 2012Experimental searches for charged Higgs

H±→τυ + lepton

Sample Data-driven method [events] Simulation [events]

tt̄ 900 ± 15 877 ± 6

W+jets 150 ± 3 145 ± 9

Single top quark 81 ± 1 61± 2

Z/γ∗+jets 44 ± 1 69± 4

Diboson 6± 1 8± 1

Table 3. Application of the misidentification probability obtained from W+jets events in the data,
for the τ+lepton channel. The predictions of the background contributions based on data-driven
misidentification probabilities and on simulation are given, with statistical uncertainties only. In
both cases, all top quarks are assumed to decay via t → bW .

The Emiss
T distributions for the τ +e and τ +µ channels, after all selection cuts are applied,

are shown in Fig. 3.

Sample Event yield (τ+lepton)

τ + e τ + µ

True τ+lepton 430 ± 14± 59 570 ± 15± 75

Misidentified jet→ τ 510 ± 23± 86 660 ± 26± 110

Misidentified e → τ 33± 4± 5 34± 4± 6

Misidentified leptons 39± 10± 20 90± 10± 34

All SM backgrounds 1010 ± 30± 110 1360 ± 30± 140

Data 880 1219

t → bH+ (130 GeV) 220 ± 6± 29 310 ± 7± 39

Signal+background 1160 ± 30± 100 1570 ± 30± 130

Table 4. Expected event yields after all selection cuts in the τ+lepton channel and comparison
with 4.6 fb−1 of data. The numbers in the last two rows, obtained for a hypothetical H+ signal with
mH+ = 130 GeV, are obtained with B(t → bH+) = 5%. All other rows assume B(t → bW ) = 100%.
Both statistical and systematic uncertainties are shown, in this order.

6 Analysis of the τ+jets channel

The analysis presented here relies on the detection of τ+jets decays of tt̄ events, where

the hadronically decaying τ lepton arises from H+ → τhadν, while the jets come from a

hadronically decaying W boson, i.e. tt̄ → bb̄WH+ → bb̄(qq̄′)(τhadν).

6.1 Event selection

The τ+jets analysis uses events passing a τ + Emiss
T trigger with a threshold of 29 GeV

on the τ object and 35 GeV on calorimeter-based Emiss
T . The following requirements are

applied, in this order:

– 13 –
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H±→τυ + lepton
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Figure 3. Emiss
T distribution after all selection cuts in the τ+lepton channel, for (a) τ+electron

and (b) τ+muon final states. The dashed line corresponds to the SM-only hypothesis and the
hatched area around it shows the total uncertainty for the SM backgrounds. The solid line shows
the predicted contribution of signal+background in the presence of a 130 GeV charged Higgs boson
with B(t → bH+) = 5% and B(H+ → τν) = 100%. The contributions of tt̄ → bb̄W+W− events in
the backgrounds with true or misidentified τ jets are scaled down accordingly.

• at least four jets (excluding τ jets) having pT > 20 GeV, of which at least one is

b-tagged;

• exactly one τ jet with pτT > 40 GeV, found within |η| < 2.3 and matched to a τ

trigger object;

• neither a second τ jet with pτT > 20 GeV, nor any electrons with ET > 20 GeV, nor

any muons with pT > 15 GeV;

• Emiss
T > 65 GeV;

• to reject events in which a large reconstructed Emiss
T is due to the limited resolution of

the energy measurement, the following ratio based on the
∑

pT definition of Section 5

must satisfy:
Emiss

T

0.5 GeV1/2 ·
√

∑

pT
> 13;

• a topology consistent with a top quark decay: the combination of one b-tagged jet (b)

and two untagged jets (j) with the highest pjjbT must satisfy mjjb ∈ [120, 240] GeV.

For the selected events, the transverse mass mT is defined as:

mT =
√

2pτTE
miss
T (1− cos∆φτ,miss), (6.1)
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B(t→bH+) limits
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Figure 7. Expected and observed 95% CL exclusion limits on B(t → bH+) for charged Higgs
boson production from top quark decays as a function of mH+ , assuming B(H+ → τν) = 100%.
Shown are the results for: (a) lepton+jets channel; (b) τ+lepton channel; (c) τ+jets channel; (d)
combination.

over the whole investigated mass range, but in particular for mH+ close to the top quark

mass. Interpreted in the context of the mmax
h scenario of the MSSM, tan β above 12–26, as

well as between 1 and 2–6, can be excluded in the mass range 90 GeV < mH+ < 150 GeV.
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B(t→bH±) limit combination
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Figure 7. Expected and observed 95% CL exclusion limits on B(t → bH+) for charged Higgs
boson production from top quark decays as a function of mH+ , assuming B(H+ → τν) = 100%.
Shown are the results for: (a) lepton+jets channel; (b) τ+lepton channel; (c) τ+jets channel; (d)
combination.

over the whole investigated mass range, but in particular for mH+ close to the top quark

mass. Interpreted in the context of the mmax
h scenario of the MSSM, tan β above 12–26, as

well as between 1 and 2–6, can be excluded in the mass range 90 GeV < mH+ < 150 GeV.
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B(t→bH±) limit 

B(t→bH+) limits and MSSM interpretation of search results

 [GeV]+Hm
90 100 110 120 130 140 150 160

`
ta

n 
0

10

20

30

40

50

60

Median expected exclusion

Observed exclusion 95% CL
 theorymObserved +1

 theorymObserved -1

-1Ldt = 4.6 fb0Data 2011
=7 TeVs  max

hm
ATLAS

 [GeV]+Hm
90 100 110 120 130 140 150 160

+
 b

H
At 

B

-210

-110

1
Observed CLs
Expected

m 1±
m 2±

ATLAS
Data 2011

 = 7 TeVs
-1Ldt = 4.6 fb0

combined

 [GeV]+Hm
90 100 110 120 130 140 150 160

+
 b

H
→t 

B

›210

›110

1
Observed CLs
Expected

σ 1±
σ 2±

ATLAS

D ata 2011
 =  7  TeVs

›1Ldt = 4.6 fb∫

lepton+jets

(a)

 [GeV]+Hm
90 100 110 120 130 140 150 160

+
 b

H
→t 

B
›210

›110

1
Observed CLs
Expected

σ 1±
σ 2±

ATLAS

D ata 2011
 =  7  TeVs

›1Ldt = 4.6 fb∫

+leptonτ

(b)

 [GeV]+Hm
90 100 110 120 130 140 150 160

+
 b

H
→t 

B

›210

›110

1
Observed CLs
Expected

σ 1±
σ 2±

ATLAS

D ata 2011
 =  7  TeVs

›1Ldt = 4.6 fb∫

+jetsτ

(c)

 [GeV]+Hm
90 100 110 120 130 140 150 160

+
 b

H
→t 

B

›210

›110

1
Observed CLs
Expected

σ 1±
σ 2±

ATLAS

D ata 2011
 =  7  TeVs

›1Ldt = 4.6 fb∫

combined

(d)

Figure 7. Expected and observed 95% CL exclusion limits on B(t → bH+) for charged Higgs
boson production from top quark decays as a function of mH+ , assuming B(H+ → τν) = 100%.
Shown are the results for: (a) lepton+jets channel; (b) τ+lepton channel; (c) τ+jets channel; (d)
combination.

over the whole investigated mass range, but in particular for mH+ close to the top quark

mass. Interpreted in the context of the mmax
h scenario of the MSSM, tan β above 12–26, as

well as between 1 and 2–6, can be excluded in the mass range 90 GeV < mH+ < 150 GeV.
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• in the mass range between: 90 ≤ mH± ≤ 160 GeV      
upper limits on the branching ratio B(t→bH+) between 
5 % – 1 % can be set

• in context of the mhmax scenario of the MSSM tan β 
above 12 – 26 (and 1 to 2 – 6) can be excluded within    
90 ≤ mH± ≤ 150 GeV

• looking forward to updated results with the 2012 data 
collected at √s = 8 TeV - already now ~3x the statistics 
of 2011 collected and especially the heavy H± search  
(I bet You are too!)
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THANK YOU FOR YOUR 
ATTENTION !
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(and of course all the hard-working 
analyzers - rock on!)
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Backup slides following
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H±→τυ + jets

Source of uncertainty Normalisation uncertainty Shape uncertainty

lepton+jets: lepton misidentification

Choice of control region 6% -

Z mass window 4% -

Jet energy scale 16% -

Jet energy resolution 7% -

Sample composition 31% -

τ+lepton: jet→ τ misidentification

Statistics in control region 2% -

Jet composition 11% -

Object-related systematics 23% 3%

τ+lepton: e → τ misidentification

Misidentification probability 20% -

τ+lepton: lepton misidentification

Choice of control region 4% -

Z mass window 5% -

Jet energy scale 14% -

Jet energy resolution 4% -

Sample composition 39% -

τ+jets: true τ

Embedding parameters 6% 3%

Muon isolation 7% 2%

Parameters in normalisation 16% -

τ identification 5% -

τ energy scale 6% 1%

τ+jets: jet→ τ misidentification

Statistics in control region 2% -

Jet composition 12% -

Purity in control region 6% 1%

Object-related systematics 21% 2%

τ+jets: e → τ misidentification

Misidentification probability 22% -

τ+jets: multi-jet estimate

Fit-related uncertainties 32% -

Emiss
T -shape in control region 16% -

Table 8. Dominant systematic uncertainties on the data-driven estimates. The shape uncertainty
given is the relative shift of the mean value of the final discriminant distribution. A “-” in the
second column indicates negligible shape uncertainties.
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H±→τυ + lepton
Uncertainties

Source of uncertainty Normalisation uncertainty Shape uncertainty
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