
Searches for Charged  
Higgs Bosons at CMS

Spåtind 2020 
Skeikampen, Norway 
3.1.2020

Santeri Laurila  
Helsinki Institute of Physics 

CMS Collaboration



Motivation

2



Motivation

2

✤ The SM has only one Higgs boson, but we know SM is not the final word 
✤ Motivation for an extended model is broad: hierarchy problem,  

dark matter, baryon asymmetry & CP violation, neutrino masses… 
✤ H125 constrains but allows a more complex Higgs sector  
✤ Observation of new scalar boson(s) would provide direct evidence for 

BSM physics



Motivation

2

✤ The SM has only one Higgs boson, but we know SM is not the final word 
✤ Motivation for an extended model is broad: hierarchy problem,  

dark matter, baryon asymmetry & CP violation, neutrino masses… 
✤ H125 constrains but allows a more complex Higgs sector  
✤ Observation of new scalar boson(s) would provide direct evidence for 

BSM physics

✤ A simple extension: Two Higgs doublet models (2HDMs)  
➝ 5 different Higgs bosons 

✤ Neutral, CP-even h (light) and H (heavier) 
✤ Neutral, CP-odd A  
✤ Charged Higgs bosons H±  

✤ 2HDMs emerge as low-energy limits  
of several BSM theories  
(supersymmetric and others)



Motivation

2

✤ The SM has only one Higgs boson, but we know SM is not the final word 
✤ Motivation for an extended model is broad: hierarchy problem,  

dark matter, baryon asymmetry & CP violation, neutrino masses… 
✤ H125 constrains but allows a more complex Higgs sector  
✤ Observation of new scalar boson(s) would provide direct evidence for 

BSM physics

✤ A simple extension: Two Higgs doublet models (2HDMs)  
➝ 5 different Higgs bosons 

✤ Neutral, CP-even h (light) and H (heavier) 
✤ Neutral, CP-odd A  
✤ Charged Higgs bosons H±  

✤ 2HDMs emerge as low-energy limits  
of several BSM theories  
(supersymmetric and others)

Φ1 Φ2
Type I (Fermiophobic) Type II (MSSM-like)

Type X (Lepton-specific) Type Y (Flipped)

d u
e Φ1 Φ2

d u
e

Φ1 Φ2
d u
e Φ1 Φ2

d u
e

CP-conserving 2HDMs without FCNCs



Motivation

2

✤ The SM has only one Higgs boson, but we know SM is not the final word 
✤ Motivation for an extended model is broad: hierarchy problem,  

dark matter, baryon asymmetry & CP violation, neutrino masses… 
✤ H125 constrains but allows a more complex Higgs sector  
✤ Observation of new scalar boson(s) would provide direct evidence for 

BSM physics

✤ A simple extension: Two Higgs doublet models (2HDMs)  
➝ 5 different Higgs bosons 

✤ Neutral, CP-even h (light) and H (heavier) 
✤ Neutral, CP-odd A  
✤ Charged Higgs bosons H±  

✤ 2HDMs emerge as low-energy limits  
of several BSM theories  
(supersymmetric and others)

Φ1 Φ2
Type I (Fermiophobic) Type II (MSSM-like)

Type X (Lepton-specific) Type Y (Flipped)

d u
e Φ1 Φ2

d u
e

Φ1 Φ2
d u
e Φ1 Φ2

d u
e

CP-conserving 2HDMs without FCNCs



H± Production at the LHC

3

✤ H± production mode depends on its mass:

3



H± Production at the LHC

3

✤ H± production mode depends on its mass:

3

Light H± (mH+ < mt – mb) : 
”diresonant”  

top production

t̄

t

p

p

H+

b



H± Production at the LHC

3

✤ H± production mode depends on its mass:

3

Light H± (mH+ < mt – mb) : 
”diresonant”  

top production

t̄

t

p

p

H+

b

Heavy H± (mH+ > mt - mb): 
”single-resonant”  

top production

p

p

H+

t̄

b



H± Production at the LHC

3

✤ H± production mode depends on its mass:

3

Light H± (mH+ < mt – mb) : 
”diresonant”  

top production

t̄

t

p

p

H+

b

Heavy H± (mH+ > mt - mb): 
”single-resonant”  

top production

p

p

H+

t̄

b

Intermediate H± (mH+~ mt): 
interference with the 
”nonresonant" mode

p

p b̄

W�
H+

b



Experimental signatures for H±
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with pµ being the incoming momentum for the corresponding particle.
The H± ! h0W channel for a light charged Higgs is open only if we demand the

heavy CP-even neutral Higgs H0 to be the observed 126 GeV SM-like Higgs. In this case
| cos(� � ↵)| ⇠ 1 is preferred by experiments and the H±h0W± coupling is unsuppressed.
The H±AW± coupling is independent of sin(� � ↵) and always unsuppressed. There is no
H± ! H0W channel since it is kinematically forbidden given mH± < mt and mH0 � 126

GeV.
In the generic 2HDM, there are no mass relations between the charged scalars, the

scalar and pseudoscalar states. Therefore both the decays H± ! h0W and H± ! AW

can be accessible or even dominant in certain regions of the parameter space. It was shown
in Ref. [36] that in the Type II 2HDM with Z

2

symmetry, imposing all experimental and
theoretical constraints still leaves large regions in the parameter space that permit such
exotic decays with unsuppressed decay branching fractions.

In the left panel of Fig. 2, we show the contours of the branching fraction BR(H± !
AW ) in the mH± � tan � plane assuming mA = 70 GeV, h0 being the SM-like Higgs and
mH0 decoupled. This branching fraction dominates for values of tan � less than 10 to 30
for charged Higgs masses in the range between 155 GeV and 170 GeV. For large values
of tan �, the ⌧⌫ channel dominates, as shown in the right panel of Fig. 2 for mH± =

160 GeV. For small charged Higgs masses close to the mA + mW threshold, the decay is
kinematically suppressed. Similar results can be obtained for H± ! h0W with mh0 = 70

GeV, sin(� � ↵) ⇠ 0 and decoupled mA.
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Figure 2. The left panel shows the branching fraction BR(H± ! AW ) in the Type II 2HDM in
mH± � tan � plane. The right panel shows the branching fractions of H± ! AW (red), ⌧⌫ (green)
and cs (blue) as a function of tan � for a 160 GeV H±. Both plots assume the existence of a 70
GeV CP-odd scalar A, h0 being the SM-like Higgs and H0 decoupled.

The MSSM Higgs mass spectrum is more restricted. At tree level, the mass matrix
depends on mA and tan � only, and the charged Higgs mass is related to mA by m2

H± =

– 5 –

ar
Xi
v:
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0
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FIG. 2: Decay branching ratios of H, A and H± in the four different types of THDM as a function

of tan β for mH = mA = mH± = 150 GeV and M = 149 GeV. The SM-like limit sin(β − α) = 1 is

taken, where h is the SM-like Higgs boson.

small or negligible. The decay pattern of h is almost the same as that of the SM Higgs

boson with the same mass at the leading order except for the loop-induced channels when

sin(β − α) = 1. In this case, H does not decay into the gauge boson pair at tree level, so

it mainly decays into fermion pairs2. We note that A and H± do not decay into the gauge

boson pair at the tree level for all values of sin(β − α).

The decay patterns are therefore completely different among the different types of Yukawa

interactions [11, 12]. For the decays of H and A, we take into account the decay channels

2 In the case with a more complicated mass spectrum a heavy Higgs boson can decay into the states which

contain lighter Higgs bosons [34].
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CMS 2HDM H± search program
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Light H± (mH± < mt) Heavy H± (mH± > mt) 

LHC Run 1  
(7–8 TeV)

LHC Run 2  
(13 TeV)

H±➝τυ, semileptonic 
             & fully hadronic 
             HIG-14-023 
H±➝cs, semileptonic  
             HIG-13-035 
H±➝cb 
             HIG-16-030

H±➝τυ, semileptonic 
             & fully hadronic 
             HIG-14-023 
H±➝tb, semileptonic 
             HIG-14-023

H±➝WA, A➝µµ  
                  HIG-18-020 
 

H±➝τυ semileptonic 
            & fully hadronic  
                 HIG-18-014 
 

H±➝tb semileptonic 
                 HIG-18-004 

H±➝tb fully hadronic 
                 HIG-18-015 
H±➝τυ semileptonic 
            &fully hadronic 
                 HIG-18-014 

…and more to come…

https://cds.cern.ch/record/2048090
https://cds.cern.ch/record/2059396
https://cds.cern.ch/record/2635021
https://cds.cern.ch/record/2048090
https://cds.cern.ch/record/2048090
https://cds.cern.ch/record/2675010
https://cds.cern.ch/record/2666544
https://cds.cern.ch/record/2687434
https://cds.cern.ch/record/2682105
https://cds.cern.ch/record/2666544
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INTRODUCTION Fully Hadronic Final State

Fully-hadronic final state of assiocated production (s-channel) characterised by:
I Ø 4 (Ø 2) light quarks
I Ø 4 (Ø 2) b-quarks
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Pros & Cons:
3 46% (67%) of total cross-section
3 No neutrinos ∆ H+ invariant mass
7 Large QCD multijet background
7 Large combinatoric self-background

Alexandros Attikis 6 of 121 Tuesday 22nd May, 2018

H±➝tb: Hadronic final state

7

✤ Hadronic final state analyzed for the first time 
✤ Large branching fraction 
✤ No pTmiss ➝ mH± can be reconstructed 
✤ Challenges: combinatorics,  

QCD multijet background  
 
 

✤ Complementary analysis strategies targeting different event topologies:
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✤ No pTmiss ➝ mH± can be reconstructed 
✤ Challenges: combinatorics,  

QCD multijet background  
 
 

✤ Complementary analysis strategies targeting different event topologies:

”Resolved” analysis:  
H± from four AK4 jets (BDT)

H± → tb hadronic: Overview

�9

mH±

• Large branching ratio + the whole Higgs can be reconstructed 

• Lower mH± → all the decay products are well separated → resolved  

• mH± increases → decay products become boosted → boosted W(2 merged jets)/top(3 merged jets) 

                     MIAO HU                                                                              EPS, GHENT, BELGIUM       20190712

• ≥ 7 jets, ≥ 3 b-tags 
• Custom top-tagger trained with BDT 

• Form trijet combination (1b+2j) 
• Signal : all 3 components match 
• Background : all others  

• Train in tt samples 
• 2 tops with BDT score ≥ 0.40

-

• ≥ 1 AK8jet, ≥ 1 b-tag 
• Jet substructure used for top/W identification 

• N-subjettiness : τ21 (W) & τ32 
(top) 

• Soft drop mass (SDMass) 
• Number of b-subjet 

• W :  none 
• top : separate into 2 categories: 0 (t0) and 1(t1)

resolved boosted

H+b

b j

j
H+b

b j

j

“boosted W” H+b

b
j

j
“boosted top”

CMS-PAS-HIG-18-015

NEW

arXiv:1707.03316
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✤ No pTmiss ➝ mH± can be reconstructed 
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✤ Complementary analysis strategies targeting different event topologies:

”Boosted” analysis: H± reconstructed from  
AK8 W jet and two AK4 b jets or AK8 top jet and AK4 b jet 
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H±→τυ: Strategy
✤ The τυ channel is sensitive as it allows the reconstruction of the 

transverse mass of the τυ system: 
 

✤ Production changes with mass,  
but the final state remains similar  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H±➝τυ & H±➝tb combined
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✤ Comparison of limits from the τυ and tb channels and from properties of H125
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Type II  
(generic)

H+→AW

with pµ being the incoming momentum for the corresponding particle.
The H± ! h0W channel for a light charged Higgs is open only if we demand the

heavy CP-even neutral Higgs H0 to be the observed 126 GeV SM-like Higgs. In this case
| cos(� � ↵)| ⇠ 1 is preferred by experiments and the H±h0W± coupling is unsuppressed.
The H±AW± coupling is independent of sin(� � ↵) and always unsuppressed. There is no
H± ! H0W channel since it is kinematically forbidden given mH± < mt and mH0 � 126

GeV.
In the generic 2HDM, there are no mass relations between the charged scalars, the

scalar and pseudoscalar states. Therefore both the decays H± ! h0W and H± ! AW

can be accessible or even dominant in certain regions of the parameter space. It was shown
in Ref. [36] that in the Type II 2HDM with Z

2

symmetry, imposing all experimental and
theoretical constraints still leaves large regions in the parameter space that permit such
exotic decays with unsuppressed decay branching fractions.

In the left panel of Fig. 2, we show the contours of the branching fraction BR(H± !
AW ) in the mH± � tan � plane assuming mA = 70 GeV, h0 being the SM-like Higgs and
mH0 decoupled. This branching fraction dominates for values of tan � less than 10 to 30
for charged Higgs masses in the range between 155 GeV and 170 GeV. For large values
of tan �, the ⌧⌫ channel dominates, as shown in the right panel of Fig. 2 for mH± =

160 GeV. For small charged Higgs masses close to the mA + mW threshold, the decay is
kinematically suppressed. Similar results can be obtained for H± ! h0W with mh0 = 70

GeV, sin(� � ↵) ⇠ 0 and decoupled mA.
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Figure 2. The left panel shows the branching fraction BR(H± ! AW ) in the Type II 2HDM in
mH± � tan � plane. The right panel shows the branching fractions of H± ! AW (red), ⌧⌫ (green)
and cs (blue) as a function of tan � for a 160 GeV H±. Both plots assume the existence of a 70
GeV CP-odd scalar A, h0 being the SM-like Higgs and H0 decoupled.

The MSSM Higgs mass spectrum is more restricted. At tree level, the mass matrix
depends on mA and tan � only, and the charged Higgs mass is related to mA by m2
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✤ The first search for 
H±➝W±A at the LHC 

✤ B(A➝µµ) ≲ 10–3, but  
low-pT muons perform 
well in terms of trigger & 
identification efficiency, 
resolution and pileup 
robustness
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Figure 1: The mµµ distribution of candidate muon pairs from A bosons in the eµµ and µµµ final
states. A constant bin size (1 GeV) is used in the figure except for the last bin of [80, 81.2] (GeV).
The expected signal distribution for mH+ = 130 and mA = 45 GeV is also shown on top of the
expected backgrounds assuming s(tt) = 832 pb and B(t ! bH+)B(H+ ! W+A)B(A !
µ+µ�) = 6 ⇥ 10�6.

is performed between the yield of simulated tt events passing the event selection and the calcu-
lated yield from the tight-to-loose ratio method applied to the simulated tt sample. The tight-
to-loose ratio from simulated multijet events is used in the calculation. The two values agree
within 27% (23%) in the eµµ (µµµ) channel. In the data, the dependence of the tight-to-loose
ratio arising from uncertainties in the jet energy scale, the flavor of the parton that generates the
nonprompt lepton, and the estimation of the prompt lepton contribution in the control sample
for the measurement of the tight-to-loose ratio are considered. The first two sources are exam-
ined by varying the pT selection applied to the jets or by requiring the presence of a b-tagged
jet in the sample, and the last source is examined by varying the normalization of the residual
prompt lepton contribution by its own uncertainty. The impact of each variation on the pre-
diction is observed to be 7%, 13%, and 3%, respectively, and it results in a total variation of
15%, when added in quadrature. Reflecting the observed differences, a systematic uncertainty
of 30% is assigned for this background.

Subleading sources of uncertainty arise from the limited sample size for the estimation of the
nonprompt lepton background (20%) and from the interpolation used in the determination of
signal efficiency (5%). The systematic uncertainties associated with the modeling of the back-
grounds using the sidebands and other experimental and theoretical sources are also examined.
However, their magnitude is observed to be negligible compared to those of the aforemen-
tioned sources. These include the lepton identification efficiency, trigger efficiency, b tagging
efficiency [29], the energy scale and resolution of leptons and jets [21, 28, 59], the momentum
scale of unclustered objects that affects ~pmiss

T [60], the integrated luminosity measurement [61],
the total inelastic pp cross section that affects the pileup modeling in simulation, the measured
normalization factor of Zg processes, the choice of PDFs, and factorization and renormalization
scales that affect the normalization of simulated samples and signal acceptances [45–47, 62].

The expected and observed upper limits on Bsig for the 95 mA values defined in Table 1 are
shown in Fig. 2. The corresponding limits for individual final states are available in Ap-
pendix A. The limits are presented as a function of mA for two H+ boson masses, mH+ =
mA + 85 GeV and mH+ = 160 GeV. The difference of the limits for the two mH+ values is smaller
than their uncertainties. Short-range bin-to-bin correlations originate from the overlap between
neighboring search windows. The observed upper limit on Bsig varies between 1.9 ⇥ 10�6 and
8.6⇥ 10�6 depending on the assumed values of mH+ and mA, and Bsig > 8.6⇥ 10�6 is excluded

✤ m(µµ) reconstructed 
and used to extract 

limits 

100–160 GeV

15–75 GeV
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✤ Limits on B(t→bH±)B(H±→W±A)B(A→μμ) set for the first time 

6

at 95% CL in the entire search region. These are the first limits on the combined branching frac-
tion for the decay chain, t ! bH+ ! bW+A ! bW+µ+µ�. In type-I/II 2HDMs [13, 14] or the
next-to-minimal supersymmetric SM [11, 12] where B(A ! µ+µ�) ⇡ 3 ⇥ 10�4 holds [23, 63],
these upper limits on Bsig impose a constraint B(t ! bH+)B(H+ ! W+A) . 2.9% at 95% CL,
more stringent than the previous results reported by the CDF Collaboration, using different
decay modes of the A boson [15, 16].
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Figure 2: Expected and observed upper limits at 95% CL on Bsig for the mA values defined
in Table 1, with an assumption of mH+ = mA + 85 GeV (upper) or mH+ = 160 GeV (lower).
The green (yellow) bands indicate the regions containing 68 (95)% of the limit values expected
under the background-only hypothesis.

In summary, a search is performed for a charged Higgs boson H+, produced in the decay of
a top quark, and decaying further into a W boson and a CP-odd Higgs boson A, where the A
boson decays to two muons. The analysis uses proton-proton collision data at

p
s = 13 TeV,

recorded by the CMS experiment, corresponding to an integrated luminosity of 35.9 fb�1. A
resonant signature in the dimuon mass spectrum is searched in trilepton events for the ranges
of mA between 15 and 75 GeV and mH+ between (mA + 85 GeV) and 160 GeV. No statistically
significant excess is found. Upper limits at 95% confidence level on the product of branching
fractions, B(t ! bH+)B(H+ ! W+A)B(A ! µ+µ�), of 1.9⇥ 10�6 to 8.6⇥ 10�6 are obtained,
depending on the masses of the H+ and A bosons. The reported analysis constitutes the first
search for the H+ ! W+A process in the A ! µ+µ� decay channel.
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Summary & Outlook
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✤ CMS has a broad search program for charged Higgs bosons  

✤ Several results are out based on 2016 data (36 fb–1), including… 
✤ The first search for H±➝W±A at the LHC 
✤ Most extensive H±➝τ±υ search to date, including mH±~mtop 

✤ First look at the fully hadronic final state of the H±➝tb channel  

✤ Full Run 2 data (140 fb–1) is now being analyzed  

✤ Run 3 and HL-LHC coming up, happy searching continues!



Thank you!



Back-up
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Previous Searches & Constraints
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✤ Assuming MSSM-like relation between Higgs boson masses: 
 
 
 

 
 
 
 

✤ Assuming m(H) = m(A) = 1 TeV:

Figure 2. Regions of the (MH+ , tan�) parameter space of scenario (b) (heavy neutral Higgs

bosons) excluded at 95% C.L. by charged and neutral Higgs searches (see Sec. 3.1) for the four
di↵erent 2HDM Yukawa types. The colour coding corresponds to exclusion by di↵erent constraints,
as given by the legend. The green region is consistent with all collider constraints. The dotted line
shows the combined limit from all b ! s observables (see Sec. 5.3 for details).

exclusion appears because the branching fraction for H/A ! ⌧⌧ slightly increases with

the charged Higgs mass due to the suppression of the competing H/A ! W±H⌥ decay.

Perturbative unitarity and vacuum stability are fulfilled in this scenario. However, the

limits on the oblique parameters impose the strong bound MH+ & 900 GeV independent

of tan�. Nevertheless, even if most of the presented (MH+ , tan�) parameter plane is

disfavoured by the oblique parameters, this scenario is still of interest to illustrate the

model-dependence of the neutral Higgs search limits. The flavour physics constraints are

the same as in scenario (a). Again, these indirect constraints are probing charged Higgs

masses far beyond the reach of direct collider searches, and become even more important

in cases where the indirect constraints from neutral Higgs searches are irrelevant, because

of e.g. too large Higgs boson masses (as is the case here). In particular in Type III the

flavour physics limits strongly supersede all available limits from Higgs searches.

The results for scenario (c) (decoupling regime) are shown in Fig. 3 in the (MH+ , tan�)

parameter plane. In contrast to the previous scenarios, this scenario has three parameters,

MH+ , tan� and MH . Therefore Fig. 3 shows a projection of the parameter space onto

the two-dimensional plane (MH+ , tan�). Because of this projection, the order in which
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Figure 1. Regions of the (MH+ , tan�) parameter space of scenario (a) (MSSM-like scenario)
excluded at 95% C.L. by charged and neutral Higgs searches (see Sec. 3.1) for the four di↵erent
2HDM Yukawa types. The colour coding corresponds to exclusion by di↵erent constraints, as given
by the legend. The green region is consistent with all collider constraints. The dotted line shows
the combined limit from all b ! s observables (see Sec. 5.3 for details).

from charged Higgs searches at the LHC are obtained from the processes t ! H±b with

H± ! ⌧⌫ in the low MH+ regime (MH+ < mt), and pp ! H±tb with H± ! tb in the

high MH+ regime (MH+ > mt). The former process is particularly relevant in Type II,

where charged Higgs masses below ⇠ (155 � 160) GeV are quite robustly excluded (only

mildly dependent on tan�). For the latter process the experimental limit has only been

presented for MH+ � 300 GeV, hence the sharp edge in the corresponding exclusion at

MH+ = 300 GeV in Fig. 1.

Relevant constraints from neutral Higgs searches arise mostly from the processes pp !
H/A ! ⌧⌧ , and from pp ! H ! �� at small tan�. The process pp ! H/A ! bb is

also important for Type III at large tan�, because the H/A couplings to bottom quarks

are enhanced while the couplings to ⌧ -leptons are not. In Type II, the LHC searches for

pp ! H/A ! ⌧⌧ impose strong constraints at large tan�, because the H/A couplings to

both bottom quarks and ⌧ -leptons are tan� enhanced. At large tan�, the Higgs bosons

are thus dominantly produced in association with bottom quarks in both Type II and III,

whereas the branching fraction for the H/A ! ⌧⌧ decay is suppressed by the enhanced

and dominant H/A ! bb̄ decay only in Type III, and it is not suppressed in Type II. The
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H± Production at the LHC
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✤ H± production mode depends on its mass:

22

Light H± (mH+ < mt – mb) dominantly produced in 
top quark decays (”diresonant” top production)
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Figure 3: NLO total cross sections, K-factors and uncertainties for charged Higgs boson production at the 13 TeV LHC.
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Figure 3: NLO total cross sections, K-factors and uncertainties for charged Higgs boson production at the 13 TeV LHC.
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H±➝tb: Hadronic final state
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✤ BDT trained to reconstruct 
top candidates from 3 AK4 
jets, requiring m(bjj)<400 GeV 

✤ ≥7 jets, ≥3 b-jets,  
2 top candidates 

✤ mH± reconstructed as m(tb) 
using the leading top quark 
and the leading free b-jet 

✤ Dominating background with 
misidentified b jets estimated 
from a control region

”Resolved” analysis ”Boosted” analysis

H± → tb hadronic: Overview

�9

mH±

• Large branching ratio + the whole Higgs can be reconstructed 

• Lower mH± → all the decay products are well separated → resolved  

• mH± increases → decay products become boosted → boosted W(2 merged jets)/top(3 merged jets) 

                     MIAO HU                                                                              EPS, GHENT, BELGIUM       20190712

• ≥ 7 jets, ≥ 3 b-tags 
• Custom top-tagger trained with BDT 

• Form trijet combination (1b+2j) 
• Signal : all 3 components match 
• Background : all others  

• Train in tt samples 
• 2 tops with BDT score ≥ 0.40

-

• ≥ 1 AK8jet, ≥ 1 b-tag 
• Jet substructure used for top/W identification 

• N-subjettiness : τ21 (W) & τ32 
(top) 

• Soft drop mass (SDMass) 
• Number of b-subjet 

• W :  none 
• top : separate into 2 categories: 0 (t0) and 1(t1)

resolved boosted

H+b

b j

j
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✤ W’s and top quarks identified as AK8 jets  
✤ Soft-drop algorithm removes soft and wide-

angle radiation 
✤ Jet mass, subjet b-tagging and N-subjettiness 

ratios τ3/τ2 and τ2/τ1 used to identify W and top 
candidates 

✤ Extensive categorization based on the number of 
”top jets”, ”W jets”, AK4 jets and b-jets 

✤ mH± used to define a mass window around the 
signal peak, sidebands used for QCD background 
estimation



H±→τυ: Hadronic event selection
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✤ pTmiss > 90 GeV

≥3 hadronic jets
✤ pT > 30 GeV  
✤ |η| < 4.7 

     ≥1 b-jets
✤ b-tagging with  

Combined Secondary  
Vertex method (CSVv2) 

✤ |η| < 2.5

Muon veto
✤ pT > 10 GeV 
✤ |η|<2.5

    Electron veto
✤ pT >15 GeV 
✤ |η|<2.5 

Tau + pTmiss cross trigger + offline selection to target the hadronic final state:

    ≥1 hadronic tau
✤ pT > 50 GeV, |η|<2.1 
✤ pT leading track > 30 GeV 
✤ 1-prong decays 
✤ MVA-based  

ID & isolation
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H±→τυ: Background suppression
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H± is a scalar while W± is a vector boson  
→Different helicities reflected in Rτ  
=p(leading charged hadron)/p(τh)  
that has good discrimination power  

→Perform analysis in two categories  
                                divided by Rτ = 0.75
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QCD multijet background supressed  
with Rbbmin ≥ 40o where



H±➝τυ: Combined results
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✤ 95% CL upper limits on H+ 
production with hadronic and 
leptonic final states combined 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leptonic and hadronic final 
states separately and combined


