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Two Higgs Doublet Model (2HDM) | -
. Additional Higgs doublet — Q:g
Z
®
>
* Important free pa;ameters: CP odd
. tan(f) = —
Va

« cos(ff —a) — 0 (alignment-limit,
ensures SM-like behavior of h)
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https://www.iop.org/explore-physics/big-ideas-physics/standard-model

2HDM explored parameter space #......
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https://link.springer.com/content/pdf/10.1007/JHEP06(2020)163.pdf
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First order electroweak phase transition

 For this analysis: assume 2 3 4 5 6

my # My 1000
« Dubbed smoking gun channel

for first order electroweak phase 0|

transition

- Possible explanations for matter/

antimatter asymmetry may 700 ——- & >1 ]
/ e  Global min. in origin

& <1

include extend Higgs sectors
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https://arxiv.org/abs/2208.14466

Search for 2HDM Higgs bosons in 7/ final state B..........

* Run 2 analyses targeting resonant
A — ZH( — tt) production

« ATLAS (tf — leptons+jets): 2.85 o local  HEP 02 (2024) 197
excess observed at m,,y = 650 GeV

. CMS (tf — all jets): arxiv:2412.00570 (subm. to PLB)

 excess not confirmed

* Final sensitive observable: 2D
distribution of p(Z) and

Am = my— Mg JHEP 151 (2018)
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https://doi.org/10.1007/JHEP09(2018)151
https://arxiv.org/abs/2412.00570
https://www.arxiv.org/abs/2311.04033

Excluded 2HDM parameter space
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https://arxiv.org/abs/2412.00570
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Run 3 Analysis
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. Luminosity used so far: 7.96 fb~! (first half of 2022 data taking period)

 Event selection:

- |Exactly 2 opposite-sign, same-flavour
leptons (e/ i)

| > Sjets, > 1 of which b-tagged
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Event categorization R

« Signal categories defined with
respect to number of jets and  N(b1ags)
number of b-tagged jets =2

* Background control regions: 1| CR1bSB CR 1b SB

« my outside Z mass window
(SB) for tt

0

L mzx5 Geu my

* 0 b-tagged jets and 4 jets
for DY
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Data in the CR modelled well
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New analysis strategy
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- Replace 2D distribution (py, Am = m, — my) with neural network (NN) output score

projection of Run 2 data with NN approach promise significantly better limits
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New analysis strategy
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:

Backgrounds

« Classic DNN: One network for each mass point

01.04.25

Output function for
each mass point

f (X, X5 025 X))

12



New analysis strategy
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:

Backgrounds

pN (X

All Signal mass

00°"'D

- Parametrized DNN: One network for all mass points

Combined output
function for all mass
points

f (X, Xos o ooy Xy, My, Myy)

- Idea: Network learns signal topologies depending on n1, and my

« PNN only trained in the signal region

01.04.25
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PNN output score
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First limits with Run 3 data
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e Analysis workflow in place, now ready to
head out and start exploring the rest of the
parameter space
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Summary
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- A > ZH — ttZ probes interesting

2HDM parameter space

« Search with Run 2 data enters

unknown territory

 Improvements for Run 3 analvsis
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