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The ATLAS experiment, some background
• The ATLAS experiment is a general-purpose 

detector located 100m underground that explores 
fundamental particles and forces using collisions 
of the two proton beams delivered by the Large 
Hadron Collider

• Discovery of a neutral Higgs boson of ~125 GeV 
was announced by the ATLAS and CMS 
experiment in 2012

• The discovery prompted further discussions 
about the nature of Higgs boson and possible 
Higgs boson BSM (Beyond Standard Model) 
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Charged Higgs

• Charged Higgs bosons (H+) appear in several extensions to the 
standard model (SM) when a 2nd doublet or triplet is added to the 
scalar sector

• Two-Higgs doublet model (2HDM): add one more scalar doublet 
to the SM and is one of the simplest such models

• Motivated by Higgs sector in MSSM (minimal supersymmetric 
extension) : hMSSM

[2] Branching ratios of the charged 
Higgs boson within the M125 h 
scenario as a function of the 
charged Higgs mass for tanβ = 10

tan 𝛽 = !"
!#

 : ratio of 
the two vacuum 
expectation values of 
the two Higgs doublet

H+ -> tb¯ is the main channel to 
search for heavy H+  !

Charged Higgs mass 
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Existing ATLAS searches for H+

• Sensitivity of H+ searches has been explored in 
mass 200-2000 GeV with the full Run 2 dataset

[1]

mA = mH
+
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ATLAS search for dark mesons
• Dark pions can be pair- produced by Drell-Yan-type production or resonantly produced by an 

(electrically neutral or charged) dark rho particles; 
• 𝜌 could be produced by kinetic mixing between the dark field and the standard model B or W 

field (SU(2)L/ SU(2)R)

• Focus of the search: SU(2)L models with no gauge bosons in the final state

• Conference note was published analyzing the above processes: ATLAS-CONF-2023-021
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Linking Charged Higgs with dark mesons

• The dark meson search focuses on final state with top and bottom quarks: tttb and ttbb, which 
subsequently decay to all jets final state (all-hadronic channel); this search could be sensitive to 
charged Higgs signals

• Final states of the two processes are very similar 
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Reinterpretation strategy
• Signal samples [6] H+ in hMSSM, same as the previous search

• Background samples are the same as used in the dark meson analysis

• 6 mass points of charged Higgs are analyzed in the reinterpretation
• 600 GeV, 1200 GeV, 1400 GeV, 1600 GeV, 1800 GeV, 2000 GeV

• Heavy charged Higgs NLO cross sections [3] are used to scale events to different tanβ values
• tanβ = 0.1 is used as a starting point to assess sensitivity 
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Dark meson all-had channel preselection[5]
Large R jets of Radius 1.2 are re-clustered from radius 0.4 jets

In addition to the generic selections such as good run list, 
Jet/muon cleaning. etc.  Additional criteria are:

• Zero 𝑒/𝜇

• HT > 1150 GeV (to avoid region where the HT trigger is not 
fully efficient)

• At least 6 jets with pT > 25 GeV

• At least 3 b-tagged jets

• Leading and sub-leading large R jets to have mass at least 
190 GeV

R=1.2
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DM Signal Region and bkg 
estimation in all-hadronic 
channel[5]
• The SR is defined by 4 tags

• There are 9 signal regions defined in 
terms of leading and sub-leading 
large R jets mass to improve 
sensitivity to a range of dark meson 
signals

• Mutiijet is the main background 
source for all-hadronic channel and 
is estimated with Data driven 
approach with data-MC
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• The distributions for 
the charged Higgs peak 
at much smaller large R 
jet mass compared to 
that of the dark meson 
signal

• H+ signal is more 
background like in the 
dark meson analysis 
[under investigation]

*dominant multijet background not included in the plots here

Large R jet mass distribution (comparing dark meson 
and H+)
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Pre-selected H+ events in dark meson SR

MH+ =600 GeV

MH+ =1200 GeV

MH+ =1400 GeV

[5]
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H+ signal in DM all–hadronic Signal regions

H+ has very small event yield in the 9 signal 
regions compared to the dark meson signal

Post fit background distributions in all 
SR bins, η = 0.25, m=500 GeV shows 
an example dark meson signal

ATLAS-CONF-2023-021
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Reconstructing H+ mass using R=0.4 jets

• Tried reconstructing H+ mass using the invariant 
mass of the two highest pT jets for M (H+)= 600, 
1200 and 1400 GeV samples

• Reconstruction with smaller jets give mass closer 
to the true charged Higgs mass 

• Changing the H+ candidate mass reconstruction 
would require an update of the background 
estimate and fit
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Conclusion and outlook 

• A reinterpretation of the dark meson analysis is performed for heavy charged 
Higgs in 2HDM

• Preliminary results in all-hadronic channel show no net sensitivity towards 
charged Higgs signals

• To optimize the dark meson search for H+, the method to reconstruct the H+ 

might need adjustments

• Explore H+ search sensitivity with 1-lepton channel of the dark meson search will 
be the next step
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Questions and comments ?
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Back up
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Multijet background estimation in SR 

• An extended ABCD method with 4 
discriminating variables is used 

• the multijet background is independently 
estimated for each of the 9 bins in the SR

S: signal region

Two tag regions DFGHJO are for 
calculating correlation correction factors

KLMN: 3 tag region are used for 
validation of the estimate
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Discriminating variables (comparing dark meson and H+)

• mbb/pT,bb:
• the ratio of mass to 

pT for the set of the 
two closest b-tagged 
jets to the large-R jet

 
• It helps suppress 

multi-jet background 

• SU2L-25-500 is the 
benchmark signal for 
dark mesons

0 0.5 1 1.5 2 2.5 3
T,bb

/p
bb

Subleading large-R jet m
0

0.05

0.1

0.15

0.2

0.25

0.3

N
or

m
al

iz
ed

 e
ve

nt
s 

/ 0
.1

5 
 

ttbar SM: 1.0

SU2L-25-500 Hplus_tb_H600

Hplus_tb_H1200 Hplus_tb_H1600

Hplus_tb_H2000

0 0.5 1 1.5 2 2.5 3
T,bb

/p
bb

Subleading large-R jet m
0.4
0.6
0.8

1
1.2
1.4
1.6

D
at

a 
/ S

M
 ra

tio

ATLAS Internal
-1 = 13 TeV, 140 fbs

0 0.5 1 1.5 2 2.5 3
T,bb

/p
bb

Leading large-R jet m
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

N
or

m
al

iz
ed

 e
ve

nt
s 

/ 0
.1

5 
 

ttbar SM: 1.0

SU2L-25-500 Hplus_tb_H600

Hplus_tb_H1200 Hplus_tb_H1600

Hplus_tb_H2000

0 0.5 1 1.5 2 2.5 3
T,bb

/p
bb

Leading large-R jet m
0.4
0.6
0.8

1
1.2
1.4
1.6

D
at

a 
/ S

M
 ra

tio

ATLAS Internal
-1 = 13 TeV, 140 fbs
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Direction of cut 
for signal region
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• Δ R (j,b2) 
• for a large-R jet is 

the distance 
between the 2nd 
closest b-tagged jet 
and the large-R jet 
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Discriminating variables (comparing dark meson and H+)
*Should be ATLAS work in progress
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All hadronic pre and SR selection Cutflow for 
Charged Higgs 

Raw event counts Weighted event counts

Pre-selection

Signal region 
selection
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Charged Higgs-production mode

• Single production and pair production of charged Higgs
• The dark meson search could be recycled to search for both

Leading order Feynman diagram for 
the production a single heavy Higgs

The s-channel Triangle and box 
diagrams contributing to gg->H+ H-
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Charged Higgs coupling to t and b

• The Yukawa coupling of the charged Higgs to the top and an anti-
bottom quark  is given by 

• v is the Higgs vacuum expectation value
• tan 𝛽 = &'

&( , is the ratio of the two vacuum expectation values v2 and v1 of 
the two Higgs doublet
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Exclusion limits of dark meson analysis in all-
had channel
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