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The ATLAS experiment, some background

* The ATLAS experiment is a general-purpose , S N
detector located 100m underground that explores ' ' "
fundamental particles and forces using collisions
of the two proton beams delivered by the Large -0
Hadron Collider WA S, RN

«  ATLAS Experiment

* Discovery of a neutral Higgs boson of ~125 GeV A V.
was announced by the ATLAS and CMS
experiment in 2012

barrel toroid magnet

* The discovery prompted further discussions
about the nature of Higgs boson and possible | '
Higgs boson BSM (Beyond Standard Model) U\

@ T L AS barrel hadronic calorimeter solenole mognet
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Cha rgEd H IggS H* -> tb™ is the main channel to

search for heavy H* |

* Charged Higgs bosons (H*) appear in several extensions to the 1 =) thR(H)
standard model (SM) when a 2" doublet or triplet is added to the ! @p=10 \ A
scalar sector | N

10 &
* Two-Higgs doublet model (2HDM): add one more scalar doublet ;
to the SM and is one of the simplest such models

Wh X% 4q 3

* Motivated by Higgs sector in MSSM (minimal supersymmetric
extension) : hMSSM
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Existing ATLAS searches for H*

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

«wn 60

C

<40
30

20

September 2022

________
-------

.-

my = myt

[ gg/bb H/A, H/A — 1t
139 b
Phys. Rev. Lett. 125 (2020) 051801

|EROHH 5w, 361 10"

JHEP 09 (2018) 139
[ b(b) H/A, H/A — bb

27.8 10"

Phys. Rev. D 102 (2020) 032004
O H-ZZ - 4iivy, 139 fb™

o(pp — tbH") x B(H'— tb) [pb]

10

—e— 95% observed CL,
----- 95% expected CLS

{s=13 TeV, 139 fb™' g Expected + 16

[ ] Expected+2c

—e— 95% obs. 36 b result _|

4 Eur. Phys. J. C 81 (2021) 332 E """ 95% exp. 36 fb-1 result §
10 e — A = Zh, h - bb, 139 fo" - —— hMSSM tanB = 0.5 -
= ] arXiv:2207.00230 ~ - = N
—{ [ to) H', H > tb, 139 fb”! = hMSSM tanf = 1 =
ATLAS Preliminary— JHEP 06 (2021) 145 L
5 hMSSM, 95% CL limits |EERH-owWwowvset® A NGO ST
_ | Eur. Phys. J. C 78 (2018) 24 T -~ S N SR
4 Run2, Vs=13TeV @ H - hh - 4b/bbyy/bbrt 10 ! E 0 TSSO e S
3 — Observed = 126- 139 b C '
- Expected ATLAS-CONF-2021-052 I~
2 | === h couplings [« x,, k] B 3
[ 36.1-79.8 fb™ B
Phys. Rev. D 101 (2020) 012002 —
[ ttH/A, HA - tt, 139 fb!
1 = ATEAS CONR S 08 1002 b L b b Lo b I |
200 1000 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
m, [GeV] my [GeV]

[4] Anni Xiong, DPF-PHENO 2024 [1]



ATLAS search for dark mesons

e Dark pions can be pair- produced by Drell-Yan-type production or resonantly produced by an
(electrically neutral or charged) dark rho particles;

* p could be produced by kinetic mixing between the dark field and the standard model B or W
field (SU(2)./ SU(2)g)

p F 0 p
Tp,Tp

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

* Conference note was published analyzing the above processes: ATLAS-CONF-2023-021



https://cds.cern.ch/record/2852769?

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

99000900 —=—1

9.Q000000)——>——b

Dark meson search Charged Higgs search




CJ-ppaH“(pb)

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 tanp values
* tanPB = 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:

 Zeroe/u
* H;> 1150. GeV (to avoid region where the H; trigger is not o Proscloction

fully efficient) loose £ 0

. . H 1150 GeV

* At least 6 jets with p; > 25 GeV p{jet >> 25 Ge\e}
° - i Nb—jets >3

At least 3 b-tagged jets mjle:Rﬂ.z > 190 GeV
* Leading and sub-leading large R jets to have mass at least Miyre1y | > 190 GeV

190 GeV



DM Signal Region and bkg
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approach with data-MC




Large R jet mass distribution (comparing dark meson
and H*)
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*dominant multijet background not included in the plots here
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sub-leading large R Jet mass (GeV)

Pre-selected H* events in dark meson SR
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H* signal in DM all-hadronic Signhal regions

Number of Events

Data/Bkg.
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o
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ATLAS-CONF-2023-021

LA DL I L B B L 100
= = - | | [ [ | | I -
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H* has very small event yield in the 9 signal

Post flt background dlstrlbutmns in all , ,
regions compared to the dark meson signal

SR bins, n =0.25, m=500 GeV shows
an example dark meson signal

*signals are stacked on top of total background
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Reconstructing H™ mass using R=0.4 jets

H H + H H H ~~ T T T T T 1 T T T LI T T T T T T L T T T T T 1 T T T T 1]

* Tried reconstructing H* mass using the invariant g 04 ATLAS Simulation Work in pragress 3

mass of the two highest p; jets for M (H*)= 600, S 0350 o =

E — ;-| I = m

1200 and 1400 GeV samples 5 osf Eeeibun

< S — H1200 R = 0.4 Jets .

L o5 - - - H1200 R =1.2 Jet -

S e , H600 R = 0.4 Jets ]

. . . . d  ooF 1 H600 R = 1.2 Jet E

* Reconstruction with smaller jets give mass closer - ™ . | -

to the true charged Higgs mass & omE o E

E  oif 2 L =

< . - T ]

. . : R Tl—?"IT:‘I‘ E

Changing the H* candidate mass reconstruction i = s = ]
% 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

would require an update of the background
estimate and fit H* candidate mass [Gev]



Conclusion and outlook

* Areinterpretation 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



Questions and comments ?
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Multijet background estimation in SR

>0-2O IR I L LU DL DL DL B B B

. & ATLAS Preliminary Mpata-MC (muttiet) [

* An extended ABCD method with 4 N e
discriminating variables is used §oe s

o 0.12 e E

% 0.10 -

§ 0.08 —

* 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*)

*Should be ATLAS work in progress
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Discriminating variables (comparing dark meson and H*)

* AR (j,b2)

» for alarge-R jet s
the distance
between the 2nd
closest b-tagged jet
and the large-R jet

*Should be ATLAS work in progress
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All hadronic pre and SR selection Cutflow for

Charged Higgs

Pre-selection

Signal region
selection

Cut H600 H1200 || H1400 | H1600 || H1800 | H2000 Cut H600 H1200 H1400 H1600 || H1800 || H2000

Derivation 350000 || 314000 || 320000 | 419000 | 420000 || 420000 Derivation 1557041 || 73383.9 || 31805.6 || 19101.6 || 9091.5 | 4489.5

GRL 350000 || 314000 | 320000 || 419000 | 420000 || 420000 GRL 1557041 || 73383.9 || 31805.6 || 19101.6 || 9091.5 || 4489.5

Good Calo 350000 || 314000 | 320000 || 419000 | 420000 || 420000 Good Calo 1557041 || 73383.9 || 31805.6 || 19101.6 || 9091.5 || 4489.5

Primary vertex 350000 || 314000 || 320000 || 419000 || 420000 | 420000 Primary vertex 1557041 || 73383.9 || 31805.6 || 19101.6 || 9091.5 || 4489.5

Trigger 14595 || 183870 || 233725 || 342029 || 365797 | 380245 Trigger 80606 42916.4 || 23013.3 || 15521.1 || 7898.6 || 4043.8

Bad muon veto 14594 183825 || 233662 | 341937 || 365689 || 380133 Bad muon veto 80589 42914.2 || 23008.0 || 15514.2 || 7894.2 || 4042.5

Jet cleaning 14520 || 182966 || 232485 | 340182 || 363926 || 378289 Jet cleaning 80199 42722.9 || 22900.6 || 15443.1 || 7858.6 || 4027.3

Hr > 1150 GeV 6437 125355 || 187324 || 299842 || 335670 | 358066 Hp > 1150 GeV 36447 29242.7 || 18331.9 || 13494.3 || 7202.9 || 3794.4

Nijets > 6 5760 108986 || 159624 || 253553 || 282915 || 301772 Njets > 6 33952 25154.1 || 15289.3 || 11065.7 || 5842.5 || 3075.5

Niets, R=1.2 > 2 5537 105810 || 153364 || 241827 || 268958 | 286929 Njets, R=1.2 > 2 32453 24442.8 || 14807.8 || 10584.3 || 5568.4 || 2921.8

Npjets > 3 3405 56616 78073 || 116459 || 123906 | 127365 Npjets > 3 20537 13279.1 | 7783.3 5232.1 || 2611.8 || 1329.7

electron veto 2481 41894 58402 87481 94020 97327 electron veto 15308 9685.7 5863.9 3939.7 || 1976.2 || 1005.8
muon veto 1589 27189 38942 59502 65268 68432 muon veto 8795 6422.7 3913.2 2689.4 || 1350.3 || 712.9
mjl(;iRzu > 190 181 3073 4927 9198 11767 14046 mjl(;ﬁRzl_z > 190 1128.7 712.3 491.8 387.1 236.8 135.9
p%jet > 25 178 3013 4845 9007 11526 13740 pgw,jet > 25 1150.0 685.1 480.6 376.6 230.3 132.5
preselected 178 3013 4845 9007 11526 13740 preselected 1150.0 685.1 480.6 376.6 230.3 132.5
lead.mup /D166 > 0.25 166 2746 4425 8138 10170 12078 lead.myy /DT s > 0.25 1090.3 643.2 433.3 345.2 204.8 117.8
sub.mpp/prpe > 0.25 160 2595 4098 7481 9210 10828 sub.mpp/pr,py > 0.25 1068.1 606.8 405.9 320.3 182.1 107.1
lead. mjey r=1.2 > 300GeV 55 848 1548 3278 4440 5702 lead. mjet, r=1.2 > 300GeV 485.3 263.4 179.0 149.5 86.6 574
sub.mjet R=1.2 > 250GeV 30 447 868 1861 2761 3635 sub.mjet R=1.2 > 260GeV 281.1 162.1 98.0 83.3 55.5 36.1
lead. AR (4,b2) < 1.0 10 147 292 571 731 894 lead. AR (j,b2) < 1.0 73.0 48.6 28.8 29.3 15.8 9.4
sub.AR (j,bs) < 1.0 2 31 57 107 118 148 sub.AR(7,b3) < 1.0 —-0.2 10.5 4.1 5.6 1.3 2.3

Raw event counts

Weighted event counts

Anni Xiong, DPF-PHENO 2024
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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

7 t
9QQQ00QQ— t g OO0 1 o H* g - - -
' 7 ? O O 7/
b h’, H
__f_ff__< t,b 7 === < t +b
t AN
Yy t.b \
g -ooooY "’ SN H- g > - gt
9.QQQQQQQ)————1 ¢

The s-channel Triangle and box

Leading order Feynman diagram for . ran -
the production a single heavy Higgs diagrams contributing to gg->H* H
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Charged Higgs couplingtotand b

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

95— = V2 (%PR cot B + %PL tanﬂ)

* vis the Higgs vacuum expectation value

2 . : :
 tanf = Z—l , is the ratio of the two vacuum expectation values v2 and v1 of
the two Higgs doublet



channel

usion limits of dark meson analysis in all-

Table 21: Event yields in all nine all-hadronic signal regions with three example signal points at the full 140 fb~!
integrated luminosity. The quoted uncertainties contain statistical and systematical components. The name of the
signal regions indicate the lower mass boundary on the leading large-R jet in GeV followed by the sub-leading large-R

jet lower mass boundary.

SR300_250 | SR300_300 | SR300_350 SR325_250 SR325_300
o 0.38 P T tt 3.09+2.13 1.71 £1.01 1.78 £0.73 6.83 +3.98 427 +2.22
1S . u ATLAS Preliminary - V+jets 0.00+0.00 | 2.00+1.83 | 0.28+0.29 0.72 £ 0.94 0.13+0.24
g 0361 1 tov. [Lototson' Single top 0.12+0.14 | 0.00+£0.03 | 0.00+0.00 | 0.36+0.22 | 0.12+0.17
& 0.34 SU(2), gaugephobic —| tt+X 0.30+0.07 | 0.22+0.06 | 0.17 +£0.05 0.35+0.10 0.44 +0.14
- Limits at 95% CL: . Multiboson 0.00 +0.00 | 0.00+0.00 | 0.00+0.00 0.00 +0.00 0.00 +0.00
0.321 Phys.Rev.0 105 QCD 1586+ 8.67 | 11.62+£6.95 | 9.04+3.76 | 35.24 +12.05 | 25.27 +11.10
0.30F- e region ] Total background 19.38+8.82 | 15.55+7.20 | 11.26 +3.66 | 43.49 + 11.52 | 30.24 + 10.75
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Figure 8: Observeq (red solid line) and expected (bl'ack dashed line) exclusion contours at 95%. CL in the n—m -, QCD 2734 +12.38 | 18.75+8.69 | 15.40 +6.32 | 26.40 + 13.10
plane for SQ (2) signal modf':ls: Masses that are Wllihll:l t'he con.tou.rs are excluded. An u'an%rtalnty band (yellow) Total background 32905+ 11.94 | 23.68 839 | 19.68  6.10 | 35.03 + 12.32
corresponding to the +10 variation on the expected limit is also indicated. The grey area indicates the phase space
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