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Introduction

e Aswe all know, the HHH search is a lot of fun.
* Not going over the motivation, since we have all the other
talks in this workshop.
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How does a 4b2t analysis looks like?

To maximize the signal
acceptance, we should
consider the 74,4744 @nd
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How does a 4b2t signal region looks like?

*: normalised to total Bkg.
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* QCD multijet background estimation needed, but far

e Both: >=4b-jets, T1,,4Thad> TlepThad- from being a leading baCkground.
* HHH: bb and tt resonances, soft kinematics, little MET.
 VLLs: bt and tv resonances, hard kinematics, significant MET.
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The trigger strategy
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The trigger strategy
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Improving the trigger strategy: b-jet triggers

* The b-jettriggersin Run 2
(used inthe VLL analysis):
 2b2j:two b-tagged jets
and two additional jets
with pt > 35 GeV.

* |n Run 3, asymmetric triggers
were added with DL1d(GN1)
flavor taggers for 2022(2023):

* 2b2j(asym): = 4 jets with
pt > 80(75), 55(50),
28(25), 20 GeV, two b-
tagged.

* Designed forthe HH
analyses, the gain for
HHH would be similar
(since also only 4b jets).

More on this tomorrow in Roshan’s talk!
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Improving the trigger strategy: b+tau triggers
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More on this tomorrow in Roshan’s talk! 13


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TauTriggerPublicResults#Plots_for_March_2025
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Modeling the background

*: normalised to total Bkg.
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The background estimation

t - btv

The main background with real
e rnornalised o total Bkg, hadronic taus is dileptonic tt

W
S 1401 aTLAS eData  [Wti+ligh . :
@ L +light 4 _
2 L 15— 13TeV, 140107 fiex1c M1 1 _” containing extra heavy-flavor jets. F - by
1201~ VLL 4321 W Z+jets Faket,, —| =7
- 221, 23b I Multiiet - VLL(0.6 Te\di» ™~
100l Post-Fit Others VLLu?eV‘
i //Uncertgnhy’ .
ol =
60 -
- T 7
40~ T ¢ e I
- | e | B
Y B !.'.‘.'.‘.‘.'.'. ------------- ]
20 2=t ]
c_) 0 IIII ]
z 1_2% ) JV j
© 1 i
5 gy 4{ Z
o 0.8F —:
06 —50" 700 150 200 250 300 380 400
M(T, 26,0 Thaa, 1) [GEV]
2503.22581

16


https://arxiv.org/abs/2503.22581

The background estimation

t = btv
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Events

Data / Bkg.

The background estimation

*: normalised to total Bkg.
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The main background with real
hadronic taus is dileptonic tt
containing extra heavy-flavor jets.

7. = 1T with extra heavy-flavor jets
also has a sizeable contribution.

t - btv

t - btv
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Events

Data / Bkg.

The background estimation

*: normalised to total Bkg.
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The main background with real
hadronic taus is dileptonic tt
containing extra heavy-flavor jets.

7. = 1T with extra heavy-flavor jets
also has a sizeable contribution.

The other part of the fake hadronic

tau background is composed by
QCD multijet background events.

t - btv

t - btv
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Estimating the background: tt
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Estimating the background: tt

*: normalised to total Bkg.
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Estimating the background: Z+jets

* 71 - ThadThaq With extra heavy-flavor jets also has a sizeable
contribution to the background in the 7j,,4Thqq Channel.

*: normalised to total Bkg.
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Estimating the background: non-Multijet Fake 7,4

*: normalised to total Bkg.
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Estimating the background: non-Multijet Fake 7,4

*: normalised to total Bkg.
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Events

Data / Bkg.

Estimating the background: QCD Multijet
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The other part of the fake hadronic
tau background is composed by
QCD multijet background events.

Not well simulated in MC, we need
to use data-driven estimation
methods.

The high b-jet multiplicity region is
depleted in statistics, a way to go
around that is using the anti-tau-I1D
region for this estimation.

* Fake factor method.

* not much of a worry in the
ThadTlep Channel
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Rounding up an analysis strategy

VLL signalregions (minus 1tau channel)

Signal regions for 7,4 Thaq @nd TiepThaq decay
channels with = 3b (split into 3b and 4b).

Neural Network Score as final discriminant in €= m m

the statistical fit to data.

MET/BJET

-

1 Thad

OThad

MST=MET U STT
MSDT=MET U STT U DTT
MLT=MET U SLT U DLT

Multijet
2ThaaSS > 0b
MSDT

Z+jets tt+jets
200S07had C/J,OSOT}md
MLT MLT
y
S
20
N

10

0¢
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Rounding up an analysis strategy

VLL signalregions (minus 1tau channel)

Signal regions for 7,4 Thaq @nd TiepThaq decay
channels with = 3b (split into 3b and 4b).

Neural Network Score as final discriminant in €= m m

the statistical fit to data.

-

MET/BJET

N N I MST=MET U STT

* Include all possible
interesting triggers in

| MSDT=MET USTT UDTT =y 3 bucket strategy:

L MLT=MET U SLT U DLT single-tau, di-tau,
T 0= and b-jet triggers

> 2 1a 1
= “Thed Cr AN R R A \ mainly. Plus, a
. B MultliE M possible b+t trigger
8 : 2Thad 10} 2Thad0b PR [271,,4SS > 0b
' for 2024.

MSDT MSDT™ MSDT MSDT

_—_—_—1

1 Thad

OThad

Z+jets tt+jets
200S07had ep,OSOT}md
MLT MLT
y
S
20

N

10

0¢
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Rounding up an analysis strategy

VLL signalregions (minus 1tau channel)

Signal regions for 7,4 Thaq @nd TiepThaq decay
channels with = 3b (split into 3b and 4b).

Neural Network Score as final discriminant in €= m m
the statistical fit to data.

-

Fake tau background
modeling can be
improved usingthe ¥

111tSS region. oy
Z+jets corrections could i
be derived from the - e,
2ISFOS region. S '
Good tt modeling is

fundamental,

1 Thad

OThad

* Include all possible
I I interesting triggers in
| MSDT=MET U STT UDTT =y a bucket strategy:
L MLT=MET U SLT U DLT single-tau, di-tau,
T 0= and b-jet triggers
— mainly. Plus, a
& AR Multiict possible b+t trigger

2Thadlb Qmadn(n)ﬁ WP 271,,4SS > 0F,
MSDT MSDT MS MSDT for 2024.

_—_—_—1

Control regions to control tt (with
different HF components), Z+jets,
and QCD multijet backgrounds in
the statistical fit to data.

To be analyzed the interesting ones
in the HHH case.

corrections should be
derived from the epOS
channel.

0¢
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Summary

e Searches fortwo HHH decay modes have been completed since
the last HHH Workshop from 2 years ago.

e The HHH-> 4b27 decay mode is a good candidate for the next
channelto jointhe HHH searches.

* Many challenges come from dealing with a final state with high . . . .
multiplicity of objects, but we can use the lessons learned from = = . =
other analyses to strategize this search. = =

* Improvements in background modeling are key for this analysis: )
better defined systematic models and smaller uncertainties will ool
always help. o

SO0 HHH — epP S a1

s00f. \2=43 16N’ iSe —Spe ;’;"’\\"

- E wWaivrwve
<ool 1 il |

9909
|

« AHHH-> 4b27 would benefit from many of the developments from
LHC experiments: flavor-tagging, trigger, tau identification, and
more...

29



Thank you :)



VLL4321

Benchmark spectrum

- This analysis searches for vector-like leptons (VLLs) in the context of the 4321 model.

300 w——g'
- VLLs are hypothetical particles whose left- and right-handed chiral components 15 —
have the same transformation properties under the SU(2) gauge group. < U
D 2.0 7'
- The 4321 model is UV-complete and extends the SM with a new symmetry group: E _gj{f)
SU(4) x SU3)Y x SU(2), x U(1) 8" = Ny /E
- The new particles predicted: 0 — 2/
- 3 heavy gauge bosons: Color octet (g’), Vector LQ (U,,), Color singlet () e raas o g e o |
+ VLQ doublets: U/D, C/S, T/B 1808.00942
+ VLL doublets: Nq/Ey, Ny /E>, N3/E; * We consider a simplified

model: one VLL family and
neglecting contributions from

- Offers a signature with multiple taus, b-jets, jets, leptons and MET. the Z’-mediated processes.

- VLLs favors decays via vector LQ U, into third generation quarks and leptons.
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HH and HHH BRs

bb WW TT ZZ YY

bb

WW 25% 4.6%

TT 7.3% 2.7% 0.39%

4 3.1% 1.1% 0.33%

YY 0.26%
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HHH feynman diagrams
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