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EXPERIMENT tan 5=5, TYPE Il

* Exotic Higgs decays to BSM particles offer a way =%
i I o
for probing new physics. " PhysRevD.90.075004
* Narrow Higgs width enhances sensitivity to small s | L —
couplings with new light states. & oo 4N
* Higgs can act as a "portal" for hidden-sector particles /
interacting with SM. e =
e Predicted in models of dark matter, electroweak )
baryogenesis, and neutral naturalness. T D
e This search is generic but the 2HDM + S modelis S« =~ 05  ATLAS Proiminay

Run 1: {s = 8 TeV
Run 2: (s = 13 TeV

2HDM+S Type-III, tanP = 5

=== expected 16
observed

used as a benchmark for the analysis optimization
and limit extraction
* The branching ratio of a —» T+t~ are dominant in the

Run 120.3 fb™ H— aa— putt
PRD 92 (2015) 052002
Run 120.3 fb™ H— aa— yyyy

EPJC 76 (2016) 210

2HDM + S for type-Ill Yukawa couplings with tanf > 1 i -

©°F  ATL-PHYS-PUB-2025-011T  __ mesissminsesm

* 47 channel has not been covered by ATLAS o] s
* First boosted 4t search in ATLAS Sl R

m, [GeV] PRD 105 (2022) 012006
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ATLAS Signature

* Massrange of 4 < m, < 15 GeV

* a - 1, Ty decay mode (23% branching ratio of di-7 decay)

Boosted di-7 due to low mass of a

Merged di-7 identification (ID)—=> resolved with the muon removal technique

Select two pty,q pairs with 60 < my,z°>° - < 120 GeV

e Same-sign (SS) u and opposite-sign (OS) u channels based on the sign of final two u to
improve the sensitivity
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ATLAS Boosted low pt had-mu di-tau

EXPERIMENT

* Because of the low mass of a, the distance between t; and 7,4 Will be very small even for low pr
* AR(T,Thaa ) = 2mq/pT

* The decay products of 7; and 1,4 are mixed in the detector.

* The standard tau identification will no longer work
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= oo = C 18F ATLAS Simulation —+= Reconstruction (Reco) - 3
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ATLAS Muon removal technique

EXPERIMENT

* Merged 7, Tpqq correction algorithm:

e Overlapped muons are removed from tau seed jet .
* Both the Muon tracks and associated energy will be removed Taulet

* Re-calculate the relevant tau identification variables after muon removal.

* Use the official ATLAS tau performance results for the analysis

* An extra efficiency uncertainty was extracted for the muon removal method

* The Ty,4 four-momentum is corrected to the same energy scale as for the
isolated 7,54 Using @ MC-based correction method.

* Same technique was developed in high pr regime focusingon G - HH - 4t MuRmTaulet

(arXiv:2412.14937)
* Tau id efficiency was recovered after muon removal

Muon removal

isolation region
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The efficiencies of merged taus
were recovered (improved by an
order of 10)

AR has very small effect on the tau
efficiencies after the muon removal
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ATLAS Region definition

EXPERIMENT

* The region definitions are summarized below:

SSu OSu

SR VR SR VR M
Number of muons 2 2 2 2 3
Number of uth,q pairs 2 2 2 2 |
m‘zlch::d (GeV) [60,120] > 120 [60,120] > 120 —
my, (GeV) — — <50 <50 [71,111]
Muon charges SS SS OS OS OS

* Two channels: SSu and OSu
* SSu channel is more sensitive to lower masses (m, = [4,6]GeV)
* OSu channelis to enhance the sensitivity for higher masses (m, = [10,15] GeV)60

* Each channel has one signal region with Low Visible Mass (LVM, 60 < m3,z> " < 120 GeV)

and one validation region with High Visible Mass (HVM, mj;,z°" " > 120 GeV).

* Z+jets control region is defined to measure the ut fake factors.

>

120 M jitng 1G€V]
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AL Background estimation

* Prompt background
* Estimate using MC: qq/gg — ZZ*,H - ZZ"

* Non-prompt/fake uty,q background |
» Data-driven fake factor (FF) method fail ID 1-f

* Measure the FF of uty,q in the Z(uu) + jets(uty,q) control
region

Z+jets Z+]ets
* FF = Npass ID/ fail ID =f/A—f)

FF =

* FF parameterized as function of pU“COrr and N5 °
U
(FF(pT ncorr trrekco))

* Apply the FFs to 2uty,q regions by using the events with at least o
one Utp,q candidate failing ID 3 fal 1D

A: utq pass ID, put, pass ID (SR,VR)
B: ut4 fail ID, put, pass ID

C: putq pass ID, ur, fail ID

D: ut; fail ID, put, fail ID
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ATLAS

EXPERIMENT

Fake uty,q background validation

« Apply the fake factor (parametrized as f(pY"°'", N15°)) to the HVM
region using the two-object fake estimation equation
* Testing the fake factor method in the HVM validation region
* The fake prediction is agreed with data within the uncertainties
* The relative difference between background prediction and observed data
is considered as non-closure uncertainty (8%). >
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* No significant excess is observed.
* The background prediction shows very good agreement with the data in both SSu and OSu

channels.

> R R U N % 800 T T T T T T T T T T
300 -
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o(H)
oSM(H)
* The observed (expected) limit ranges from 0.03 (0.04) to 0.10 (0.13) for m, = 10 GeV and m, = 4 GeV.

* The SSu channel is more sensitive for m,; < 6 GeV due to less background.
* The SSu and OSu channels show similar sensitivities for m,; = 6 GeV.

* The dominant uncertainties arise from the statistical uncertainty of data.
* Once interpreted in the 2HDM+S model, this final state offers significant improvements over previous ATLAS results.

* Upper limits are set at 95% CL on ( ) X (B(H = aa — 4t) using the CLs and pseudo-experiment method.
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* The ATLAS search for Higgs exotic decays in the four-t final state has been
presented

* First (boosted) 471 search has been published in ATLAS (arXiv:2503.05463).

* A novel muon removal technique is used to reconstruct merged di-t decays.
* The efficiencies of merged taus are improved by an order of magnitude.
* The first time of the muon removal technique is used in an ATLAS analysis.
* No significant excess of data over the SM background expectation is observed.

* Upper limits at 95% CL are set on (o (H) /o5y (H)) X B(H = 2a — 4t), ranging from 0.03
atm, = 10 GeVto0.10 at m, = 4 GeV.
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EXPERIMENT

* Measure the FF of uty,q in the Z(uu) + jets(utyaq) control region
e FF = NZ+]ets/NZ+]ets f/(l _f)

pass ID/ ““fail ID f
* FF parameterized as function of pU“COrr and N5 °
(F/_-(pUncorr reco)) fail 1D I f

* Apply the FFs to 2uty,4 regions by using the events with at least onje
UTyq Candidate failing ID

* Fake(ut{,ut}) = [FF; + (url,urz) + FFy « (utf, pth) —
]data — [FF; « (ptf, pry) + FFq + (pry, pef) —

truth matched MC

* FF, % (url,urz) FF, * (ut}, uth): estimate the single fake ut events, fake
Ut and fake ut,

A
Uty pass ID
HUT, pass ID

D
ut, fail ID
pt, fail ID

: estimate the double fake ut, minus sign is to remove

the double counting double-fake-ut events A: 7, pass ID, T, pass ID (SRVR)
B: ut4 fail ID, put, pass ID
C: putq pass ID, ur, fail ID
D: ut; fail ID, put, fail ID
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Standard systematics

Systematic Uncertainties

Custom systematics

* Experimental uncertainties (from CP group)
* Muon

Tau

* Jet

* Lumi

Pileup

* Theoretical uncertainties
* QCD (renormalization and factorization) scale
uncertainties
* Cross-section k-factor normalization uncertainty
* QCD scale shape uncertainty

* PDF set uncertainties

e Fake uncertainties

* Statistic
fake_FF_1prong_stat_up

fake_FF_1prong_stat_down
fake_FF_3prong_stat_up Limited number of events in Z+jets CR
* fake_FF_3prong_stat_down
* Parametrization
* fake_FF_EtaBinning
fake_FF_dRBinning
fake_FF_MuTauPtBinning
* Composition
» fake_FF_Bcomposition
» fake FF_2MuTau
» fake_FF_1ljet
fake_FF_2jets
fake FF dRCut
* Non-closure

Dominant uncertainty for background
* fake FF Validation

* Moun Removal Technique Uncertainties

« Additional Reco+ld efficiency uncertainties Pominant uncertainty

for signal
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ATLAS Yield Table

EXPERIMENT

Process SSu region  OSpu region
Data 121 380
Fake-1y,q background 129 + 12 350 + 31
qq — ZZ and gg — ZZ < 0.01 < 0.01
H— Z7* <0.01 0.09 +£0.04
Total background 129 + 12 350 + 31

H — aa — 47 (m, = 4GeV) 20.2 + 3.2 214 £3.3
H — aa — 47 (m, = 6GeV) 97+15 10.7 £ 1.7
H — aa — 4t (my, = 8GeV) 7.8+1.3 6.9 £ 1.1
H — aa — 47 (m, = 10GeV) 6.6+ 1.1 6.0+1.0
H — aa — 41t (my = 12GeV) 3.7+0.6 3.9+0.6
H — aa — 41t (mg = 14 GeV) 3.1+0.5 2.7+0.5
H — aa — 41 (mq = 15GeV) 24+ 04 24 +0.4
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