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3 Run-3 search for non-resonant HH — bbWW (DL)

Lara Markus

Analysis is pre-approved targeting a PAS at the end of this year (CADI: HIG-25-018) e
e Contribution:

>

bbWW decay channel with two leptons in the final state
data at 1/s = 13.6 TeV

Studies on ML optimization

using proton-proton collision

The CMS Collaboration

> Derivation of data-driven DY corrections
> Studies on forward region jets and VBF strategy -
> Task development (e.g. HH Inference tool, analysis framework), review process, R
e Status & future plans:
> _ Setting up the analysis for 2024 data N
/> Started to work on the combination of the DL & SL channel -

Collaboration with Notre Dame University
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4 Run-3 search for non-resonant HHH — 4b2V

e Contribution:
> DL: Supervision of master thesis by Parth
> SL + FH: Collaboration with Peking University
> Active in the newly formed working groups

e Status & future plans: column
> Use expertise gathered from HH to set up HHH analysis in ~ flow W :
~ Use more deliberate signal samples (fixed k 2D modelling) .

> Use state-of-art bkg modeling (e.g. ttbb samples)
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5 Service work

Lara Markus

e Contribution:
> Trigger shifts from P5 & Desy ROC
>_ Maintenance and development of Phase 2 — L1 trigger menu tool

—> 2+ 1.3 EPR

Status & future plans:
> Focus on Phase 2 — L1 menu tool
. = Get authorship

PixVerse.ai
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6 Other activities

e Conferences with talks
> DPG Spring Conferences

> FSP CMS Germany meetings PhD Student Council
B QU days ?—Ii?;? Sara Bianco Lara Markus
e Schools

> Terascale Statistics School 2025
> 56. Herbstschule of High-Energy-Physics (Maria Laach)

] [ Mathematics ] [ Theory ] [ Experiment ]
e Teaching Paula Nils L. Wei-Chieh
> Exercise group Physik I Pilatus Weickhardt Marty Lee

> Supervision of master thesis on HHH analysis (DL)

e Qutreach
> Active member of QU Council

> ATTRACT workshop
> efcC.

[ Mathematics ] [GW Detection ] [ Experiment ]
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8 Optimizing ML training for HH — bbWW (DL) QU Report

Lara Markus

xsec weighting approach (study 1): » Combine signal samples for NN

= Ratio between weights reflects cross section training

%) d
O
=
2\

Equal weighting approach (study 2) :

CMS Private work (CMS simulation)
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
— baseline_remove —— Median expected

— study_1 — Theory prediction -
— study_2 2 SM prediction

95% CL limit on o(pp — HH) (fb)

= Each subprocess should be weighted equally

. Z weights = NVevents

Zweights = Zweights =

process A process B

Combining signal samples and

applying equal weighting approach
enhances sensitivity on k
—_—
I Baseline: Only SM signal samples

) weights



9 DY correction for HH — bbWW (DL)

e Data/MC disagreement in DY validation region

o Strategy: p{f”ﬂ corrections in bins of Njet
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CMS Work in progress 61.9 fb~' (13.6 TeV)
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10 Technical details on DY correction for HH — bbWW (DL) Lara Markus

e Final strategy:
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11 Gen level studies for forward jets HH — bbWW (DL)

e Comparison of central and forward jets on Gen level
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12 VBF strategy on HH — bbWW (DL) L ara Markus

CMS Work in progress_ 61.9 fb~' (13.6 TeV)
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13 Status integration of 2024 data Lara Markus

e Currently missing
> Various signal samples (especially SM)
~ DY samples with m,, 10 to 50 GeV

> B-tagging scale factors, PU corrections, etc.

e Forerac,d,e: Horns in data in central region (2.1 <|#7 | < 2.5) __

e Otherwise: Most observables look already quiet decent

CMS Work in progress 109.0 fb~' (13.6 TeV) CMS Work in progress 109.0 fo~' (13.6 TeV) CMS Work in progress 109.0 fb~' (13.8 TeV) CMS Work in progress 109.0 fb~' (13.6 TeV)
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14 (Calibrations

Calibration / Corrections Impl Unc. Comment
JEC v v
J ER Not available atm, using 2023preBPix
MET Type |l correction (phi modulation) X X Not available
Electron Scale & Smearing v v systematics to be processed

No sh taint ilabl ing kinfit- tm, but ds to be ch d)

B-tag scale factors 7 % F are oreliminant aiso therefore in the name. no fnal tac SF avalabie)
Electron scale factors ATM only available from pt > 20 GeV, also

Need to find accessible keys

Electron reco

Muon scale factors (id, i1s0)
Trigger scale factors

Top pt reweighting

Vector boson pt reweighting
recoll corrections

DY ptll and recolil corrections

Custom SF need to be derived

Not needed and not applied before —> custom DY correction instead

4 X XA XA X
X XA XA X

Not available

Fatdet msoftdrop corrections
Fatdet B-tag scale factors

Lumi Preliminary lumi correction

Pileup reweighting Preliminary weights used (see link) need to be updated at some point
Factorization / renormalization scales (parton v v renorm. included
PDF shape v v renorm. included
Initial / final state radiation (ISR/FSR) v X systematics via additional samples
Tune / Hdamp v X systematics via additional samples
Fatdet JEC / JER X X Not available
X X
X X

Not available
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15 Service work — Phase 2 L1 trigger menu tool

Lara Markus

> Phase 2 — L1 trigger menu tool

Python based framework for the measuring of matching efficiencies, trigger turn-on curves
and scalings for the assessment of CMS Phase-2 Simulation (14 TeV)

<70 T 5
o |
O
| | GCJ 60__ R
o |
> Discussion for a DPS note =
2 50| -
m |
o i
o |
= [
2 40 5
S F
o |
' Job Configuration | i
I Object Performance Object Rates Menu Table ' o / o 201 -
S IS IS IS GIND GINS GEND GEND GEND GEND GEND GEND GEND GEND GEND GENS NS GEES GEEe e e ams e g g e S AN ST AN ity i TkEIectron,y=1.236X+1.337
CMS ;h 2 S: I t.. T TI,EIAA&(—{; -Il \;)007 X + 1-323 .
ase- imuiation e ' 0.978 N
R Tool — —_— - == —_— —_— — Y- ]
ate Tools > ' ! | | 237 x + 0.964 |
Obiect Pert oD " [ R 10 ES N S )..1.51011“
ect Ferrormance o i 1
] ject Rates Menu Table ¥ | reshold [GeV]
: - - Rate plots as a function of - Rates of all menu seeds ~ 1
- (Matching) Efficiency Plots i~
- TurnOn Plots threshold CMS Phase'2 SImUlation (. g- 0.8 P
: = - - 1 - T T 1T i !
- Computes Scalings §8000 B - r(?f?rence object o i |
2 + L{1t]kEIectron:NoIso:incIu9 8 i
Outputs L oads w  L1GTtkElectron:Nolsoing 2 o6k
Scalings Obiects Loads Loads 5y L EIectron:Iso:incIusivi L |
) Objects & Scalings Objects & Scalings S 5000 'L1GTtkElectron:lsoiinclus & |
I AT O 041
Utilities = £ |
- Load objects and apply cuts - Centrally defines global constants E i -
- Load and apply scaling % 4000 > | —$— TkElectron
-— e e e e e coae e e ’ = I.E 0.2~ ‘5}3_ GT TKElectron
rl.]. Obj ects ' —$— TklsoElectron |
- : T TkisoElect
| - Centrally defined objects 2000 H el i _f_ G. . slo .ec. ror|1 _
- Versioning 20 40 60 80 100
| - Automatic interfacing with tools via Utilities Gen. pT (GeV)
O o
| I | | .
0 20 40 60 80 100
Gen. p7 (GeV)




Details on HH — bbWW (DL) analysis
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17 Previous publications Q‘&@

QIMS 1 I 1 | I UL I J 1l38l flb-l1 l(1ll3| TeV)
Kx=Kt=KV=K2V=1
—e— Observed = 68% expected
------ Median expected :----: 95% expected

W*"Wyy B
Obs. (Exp.): 95 (54)

| Comparing full Run 2 CMS results for HH — bbWW
(JHEP 07 (2024) 293)

bbZZ, 4l
Obs. (Exp.): 33 (41)

YYTT
Obs. (Exp.): 31 (26)

SM K, exclusion K5y, €xclusion

Multilepton
Obs. (Exp.): 22 (20)

Channel
expected observed expected observed expected observed

o DL 19 - (-12, 19) - (-0.5, 2.6) -

Bb7y o Full 18 16 (-8.7,15.2) | (7.2,13.8) | (-1.0,1.4) | (-0.8, 1.3)
o0s EREBEEA | B S| SL 27 28 (-11.5, 18)* | (-11.5,18.5)* | (-1.6,3.7)* | (-1.5, 3.6)*
O T 5.4 69 @ pL 27 19 (-11.5, 18)* | (-8.5, 15.5)* | (-1.4, 4.4)* | (-1.1, 3.8)
bBbB - ] * taken from: CMS AN-2020/119 Version 16
Obs. (Exp.): 7.5 (4.3)

Combined

Obs. (Exp.): 3.5 (2.5)

1 10 100

95% CL limit on o(pp — HH) / O heory

HH combination (arXiv:2510.07527)


https://cms.cern.ch/iCMS/jsp/db_notes/noteInfo.jsp?cmsnoteid=CMS%20AN-2020/119
https://inspirehep.net/literature/2768920
https://doi.org/10.48550/arXiv.2510.07527
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18 Object definition and event selection @5@ Lara Markus

e Trigger selection
> Dilepton triggers + single lepton triggers to retain efficiency
e Lepton selection
~ 2 tight, opposite-charge electron/muon with p; > 25 (15) GeV and || < (2.5)2.4
» electron: tight Id (cutBased > 4) + dxy/dz requirements as recommended
» muon: tight Id + Isolation (tightld & pftlsold > 4)
- 20 <m,, <70GeV
> Veto additional leptons
e Jet selection
~ AK4 jets: pp > 25GeV, || < 2.4, tight Id, and min(AR(j, 7)) > 0.4
> At least 1 b-tagged AK4 jet (particleNet, medium WP)
~ AK8 jets: pr > 200GeV, || < 2.4, tight Id, and min(AR(j, £)) > 0.8

o EI™ > 40GeV
(di-boson, ttV, W+jets, H (<1%))

g 3Signal ~eesmmssey memems Background processes s
“ " tt+jets (84.8%) DY +jets (7.6%) single top (6.8%)
W x’/ I & g b |
\ g . ,’{ 7 t
/,’ W f A W
. q t
BN by . W pu
. H >N < '. g



https://twiki.cern.ch/twiki/bin/viewauth/CMS/CutBasedElectronIdentificationRun3?rev=6

19 Trigger selection

Efficiency

Lepton channel Offline selection

di-muon

di-electron

mixed

2 tight muons
leading(subl.)
Py

2 tight electrons

leading(subl.)
pr E

> 25(15) GeV

> 25(15) GeV

1 tight muon, 1 tight electron

leading(subl.)

Py

> 25(15) GeV

di-muon
Private work (CMS simulation) 26.34 fb~' (13.6 TeV)
L | L | L | L | L | L | L | L
1.4 mMy< 81Gev, HH - bbWW(ZEZ\)) Ho0.10
- 2 Muon —— Dilepton triggers I
(ol —+— OR single lepton triggers -
—0.08
1.0
0.06
0.8 i
0.6 0.04
0.4| :
0.02
0.2
i —0.00
O 0 - L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L L
"0 25 50 75 100 125 150 175 200

Leading lepton pt [GeV]

SFs already produced |

(one set per lepton channel, binned in leading & subleading lepton py) §

Efficiency

Events/ 10.00 GeV

Trigger combination

Mu17_TrklsoVVL_Mu8_TrKlIsoVVL_DZ_Mass3p8

IsoMu24

Ele23 _Ele12_CaloldL_TrackldL_IsoVL
Ele30_WPTight_Gsf
Ele50_CaloldVT_GsfTrkldT_PFJet165
DoubleEle33_CaloldL_MW

Mu23 TrklsoVVL Ele12 CaloldL TrackldL IsoVL
Mu8 TrklsoVVL Ele23 CaloldL TrackldL IsoVL DZ

IsoMu24

Ele30_WPTight_Gsf
Ele50_CaloldVT_GsfTrkldT_PFJet165

di-electron
Private work (CMS simulation) 26.34 fb~' (13.6 TeV)
i L | L | L | L | L | L | L | L I_ 0 06 >
14l mu<81GeV. HH — bbWW/(2£2v) 78
- 2 Electron —— Dilepton triggers | g
(ol —+— OR single lepton triggers 10.05S
Tt —+— OR Electron + Jet trigger -
b (%))
5
1.0
0.04Lﬁ
0.8 i
0.03
0.6
{o.02
0.4
{o.01
0.2 .
_J. L L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L I_
O'OO 25 50 75 100 125 150 175 20%'00

Leading lepton pt [GeV]

True Efficiency

)
N
R

— \l\‘\
— F L\

Data stream

Muon
Muon

EGamma
EGamma
EGamma
EGamma

MuonEG
MuonEG
Muon
EGamma
EGamma

mixed
Private work (CMS simulation) 26.34 fb~' (13.6 TeV)
_I L | L | L | L | L | LI LI | L | L I_ O.16>
1 a4l me<81GeV, HH — bbWW(2¢2v) 175
i 1 Electron 1 Muon —4— Dilepton triggers . 148
s oL —+— ORsingle lepton triggers { o
' —— OR Electron + Jet trigger —
—40.12 &
©
1.0 >
0.10W
0.8 i
0.08
0.6 i
7 0.06
0.4 -o.04
0.2 o.02
_J. | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_
O'00 25 50 75 100 125 150 175 20%'00

Leading lepton pt [GeV]
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20 DY correction - DY validation region

e Data/MC disagreement in DY validation region

o Otrategy: p{f

CMS Work in progress 61.9 fo' (13.6 TeV)

%) i T T T 1 T T T T T 7
_q:.)108§_ 70<my<110 M ti+ Jets mm H E
-E - 2Muon 0 Drell-Yan (hf) [ other 3
L] ot B Drell-Yan (If) — HHg ' - bbWW=x1.0e7
107F = Single ~ HHl"" - bbWW=2.7e8 7

- wE Wejets W) vic stat. unc. 1

106 ; - \_/V ¢ Data _

g it + Jets + V 3

10%¢

O I
= y > =
S g.0f — yy | /
= 0 8:_ % _:
L | | | | | | | | |
o 1. 2 3 4 5 6 7 8 9 10
Number of jets
CMS Work in progress 61.9 fo-! (13.6 TeV)
w T 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 ]
_G:J [ 70<mp<110 At Jets . H ]
= 107 2Muon = Drell-Yan (hf) = other .
L F = Drell-Yan (if — HHg ' - bbWW=x1.0e7
sl = Single 1 - HHYM > bbWWs2.7e8 ]
10 3 T Wejets W) e stat. unc, E
- YV ¢ Data
5 i tt+Jets +V
10°E

10*

103

102

—
N
I

—_
o

Data/ MC

o
o

e.® o0 ottty

}.._ _________ S L. ... L Py ~ /////////A//W ) %/

O
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corrections in bins of N
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Fit function for NLO 2022EE, N(jets) =
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107}
106}
105}
104}

103

CMS Work in progress 61.9 fb~' (13.6 TeV)
| 1 1 1 | 1 1 _I | 1 | 1 1 | 1 1 1 |

= 70Smu<110 Bl tt+ Jets mm H _E
2 Muon 0 Drell-Yan (hf) [ other .
W Drell-Yan (If) — HHgy ' - boWWx1.0e7 |

w Single tt 1 HH"" - bbWWx2.6e8 ]
0 W +jets (W 1v) 2/, MC stat. unc. ]
| . YV ¢ Data _|
tt+ Jets + V 3
. 3

3 10
Number of jets

107
10°E

CMS Work in progress
L L L L L B
70<my<110 W it Jets -
= 2 Muon 0 Drell-Yan (hf) |
- = Drell-Yan () 4+
B Single tt 4
W +jets (W - v) 2
-V ‘
tt + Jets + V

o
o

_.__._'_i_.__...._‘_._c_Q...Q..Q_!_l_._....n.._o_._l....._t_c.n..n..a_o_.u.«-yof.,rcw,&*.-

61.9 b~ (13.6 TeV)

I | I L | I L
H

other E
HHS ' — bbWWx1.0e7 E
HH); ' — boWWx2, 6e8 _

MC stat. unc.
Data

150 175 200
 [GeV]
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21 DY correction - technical details

e Final strategy:

11,1 E
W o+ jets (W > Iv) —— HHy ' — bbWWx2.6e8 ]

772 MC stat. unc. T W +jets (W - 1v)

. . . CMS Work in progress 61.9 o' (13.6 TeV) ‘f , .
> Derived per campaign and in DYVR, 2u . CMSwenpogess _ siswifsston | CMSwommpogess  siomussey |
L10°F 70<myc110 Wt Jets - H 1 FO10%F o miciio Tt dets - H 4 %
" " O c F - 2Muon Drell-Yan (hf) W other 1 i 'E : 2I\/Iuorz12 Drell-Yan (hf) = other ] 3
> P ty f DY_J t t . 93 5 / o W= Drell-Yan (If - HHYT obowwstoe7 | &5 = Drell-Yan (i) o 1 3
7L o 1 & 5 bbWWx1.0e7 »
u rI O e S even S u u O 10 : Bl Single t/t 4 HHJ,B:’1—>bbWWx2.7e8 E & 107§_ mm Single i gof 3
¥

72 MC stat. unc.

. For Njets

~ Derived in bins of Ni (1, 2 2): 1 oE= 1 m
104 N 104 E

> 2: add rate factor based on N,

¢ T

1§ 0

. . ) . £ o102l > =
~ Applied as function of gen-level py o I BN
E 127 ' 77 N g. Bl ] ‘
= 0 o1 E= | + 1
| ] . i ~ - ° W o
m % of the full tion effect £ . I
> Systematic uncertainty as 50% of the full correction effec B I 1R B
o8 o, o L oosE L L /A R
0 1 2 3 4 5 6 7 8 9 10 : 5 5 y 5 3 0 ¥
o | e | Number of jets  § Number of jets
] . . . s T CMS Work in progress 61.9fb" (13.6 TeV) ¥ CMS Work in progress 61.9fb" (13.6 TeV) 4
. 3 (7] -ttt T e S T T I T I L L I T ;
e Application on analysis region: | syst. unc.includes | 8 [ oomeems =i [§8 Dot mem & ]
¥ H | =10 = 2 Muon Drell-Yan (hf) = other = " i £ 2 Muon Drell-Yan (hf) B other E ;]
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12 ; i iin i S S N _ ~— HH ' - bbWWx2.7e8 4 B 9 = HHL ' 5 bbWWx2.6e8 _|
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w — | | | |- | | | | | | | B w 7 _| I I I | I I I I | I 1 -| | I I I I | I I I I | I I I I | I I I I | I I I |_ 1 5: : " 1057 + + | ..
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22 DNN performance

Lara Markus

e Multiple different architectures tested by bbWW team
= Multiclass-only
= Binary-only
= Transformer NN
= Boosted observables
e Best performance obtained with combination of Multiclass + Binary

Multiclass DNN binary ggF DNN binary VBF DNN
Confusion matrix for test set, rows normalized Confusion matrix for test set, rows normalized Confusion matrix for test set, rows normalized
CMS Simulation work in progress (13.6 TeV) CMS Simulation work in progress (13.6 TeV) CMS Simulation work in progress (13.6 TeV)
| 0 8 I ! | ! ! ] 08 T T | T T .
Lé Y- —0.8
T ] ]
L N - ]
107 Ho.7 -
5 : s ‘ 5 107
£ 0.052 0.077 0.057 0.055 - £ g
I I T
= 0.24 0.062 0.11

st

DY

0.027 0.052 pueksram 0.043

Background
Background

= (. 0.13 0.096 0.15

L L L | L L 1 1 | ]
HHger  HHver tt st DY H HHggr Background ' HHyse Background

Predicted label Predicted label Predicted label
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23 Analysis strategy & categorization Off)  Lara Markus

2 opposite-sign leptons: uru-, e'e, e*u” ‘

invariant dilepton mass mi?

mi < 70 GeV, pt™* > 40 GeV 70 < my < 110 GeV Mi > 110 GeV
analysis region DY validation region tt validation region
\/
________________________________________________________________ -
:- multiclassification NN for categorization |
& 4 4 7 7 I
HH ggF HH VBF tt | single t DY | single H
boosted H - bb jet? boosted H - bb jet? boosted H - bb jet? boosted H - bb jet? boosted H - bb jet? boosted H - bb jet?
ye€S —— N0 - yES Nno = no no no no
b-tagged jets? b-tagged jets? b-tagged jets? b-tagged jets? b-tagged jets? b-tagged jets?

>2 >2 >2—¢ rl 22—; | 1 22—‘ rl 22—;

‘ boosted \ ‘ | ‘ >2b \ I boosted \ ‘ \ ‘ >2b \ ‘ \ >2b ‘ 1b \ >2b I 1b \ >2b ‘ 1b \ >2b
_____ ____I__. ____J.____l__
| binary NNggr J | binary NNver J
* * _‘ * * * \ \/ \/ \/ Y \/ Y \/
O O O O O O Y Y Y Y Y Y Y Y

Distribution in template fit: binary NN output (O), event yield (Y)




24 Binary NN scores (before categorisation & rebinning)

DNN scores are transformed with logit(x) = log

1 —x
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25 Binning strategy @5@

e Flat signal (ggF or VBF) in signal regions
e Sufficient background MC statistics

= At least three effective MC background
entries in each bin

e Single bin per control region ‘ ‘

Binning strategy

Minor binning refinements w.r.t ANv8
e Fluctuations in minor processes

e No significant degradation of sensitivity in
Asimov fits

1b >2b boosted
10 6 3
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DY

— e ON

8
1
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1
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26 Unblinded Pulls & Impacts + Goodness of Fit

Lara Markus
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27 Unblinded prefit & postfit distributions (background-only fit)
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The fit is performed under the background only hypothesis.

The left plot shows prefit distributions, while the right one shows postfit distributions.
Slgnal |s shown W|th preflt normallzatlon correspondlng to the SM expected cross sectlon |n both plots



28 SM exclusion limits
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29 K, and K,y scans
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Details on HHH — 2b4V analysis
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31 Run-3 search for non-resonant HHH — 4b2V Q}g@

Team:
e Matteo Bonanomi (Staff), Lara Markus (PhD) , Parth Patil (M. Sc.), Matthias Schroder (Staff) & Emre Toka (M. Sc.)
e Collaboration with Alexandra Carvalho (Postdoc), Chen Zhou (Group leader) & Xiangran Li (PhD) (PKU)

Plans targeting HHH — 4b2V: | .
e Use expertise gathered from HH — bbWW (DL) (preapproval) ;,’

~ Adopt analysis strategy from HH =

> Fully functional analysis framework CO umn
flow

e Additionally accepting full hadronic VV states 3' Event categorization
~ Using gloParT on object classification ‘

~ Veto on 6b and 4b27 /: Main backgrounds

e Focus on HH analysis for now; start HHH towards next year
~ Bkg modelling e.g. ttbb, Outputs

> Explore more advanced strategies (NN)
use bkg modeling based on 4b reconstructed H’s

Multiclassifier

sensitive observables Event yields

7 |
Statistical interpretation |
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32 Run-3 search for non-resonant HHH — 4b2V @5@

Physics coverage - processes and physics
e We want to make a global multi-H approach for the analysis, possibly considering the following:

>~ HHH

»  ggHHH: We will work on fixing the kinematic modelling in k 2D for SM-like only couplings, while expanding
the couplings coverage at least to HEFT — communications with WG4 about SMEFT (but that might be too
much)

- VBF HHH: (https://arxiv.org/pdf/1801.10157)

- ttHHH: (new paper coming from Andreas Papafaesnatasiu!) — same EFT couplings probed in ggHHH, but at
tree level, so more violent cross section effect

> HH
- ggHH: (of course! But now adding kinematics of k,; on it along with work ongoing with WG4)
- ttHH: (same objects, also interesting signal)
~ VHH: (same objects, also interesting signal)
~ VVH: (almost same objects, also interesting signal)
> We will also keep our eye on the single H — as our sensitivity enhances they become non-negligible!

The work in multi-H signal modelling will be carried following HH meetings, and more details on progress of MC and
modelling will follow there, always being advertised here
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33 Run-3 search for non-resonant HHH — 4b2V

Status today:

e Signal samples available for 22+23
e Requesting samples for 2024

e Two master theses targeting the HHH — 4b2W doing some first explorative studies ]

~ HHH — 4b2W single lepton (E.Toka) ~-

~ HHH — 4b2W dilepton(P.Patil) \ .
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