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* The Standard Model (SM) of particle physics works well but has
uncovered points:
« Gravity
* Hierarchy problem
« Matter-antimatter asymmetry
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nikket  |nfroduction

* The Standard Model (SM) of particle physics works well but has

uncovered points:
« Gravity
« Hierarchy problem
« Matter-antimatter asymmetry

» Several new physics models suggest possible solutions:

« Two-Higgs-doublet model (2HDM)
 Heavy vector triplet (HVT) W', Z°
« Randall-Sundrum model
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* The Standard Model (SM) of particle physics works well but has
uncovered points:
« Gravity
* Hierarchy problem
« Matter-antimatter asymmetry

» Several new physics models suggest possible solutions:

. Two-Higgs-doublet model (2HDM) hPredic’r exsisting ”f%’VT
 Heavy vector triplet (HVT) W', Z° >—» edvy resonances ha

decay into @
« Randall-Sundrum model ) pair of SM bosons

744 or Vh
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« Looking for heavy resonances that decays info a pair of bosons:
WW,WZ,ZZ, Wh and Zh
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Niklhef  Seqarch for dibosons A AN ANSTERDAM

» Looking for heavy resonances that decays into a pair of bosons:
WW,WZ,ZZ, Wh and Zh

* One boson decays leptonically:
1. Z - vv (O-lepton)
2. W - v (l-lepton)
3. Z -l (2-lepton)
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Viklef  Search for dibosons v Avsresows

» Looking for heavy resonances that decays into a pair of bosons:
ww,wz,7Z7Z, Whand Zh

* One boson decays leptonically:
1. Z - vv (O-lepton)
2. W - v (l-lepton)
3. Z -l (2-lepton)

[l=e,u V=ZW
Resolved  Merged

Small-radius jets | Large-radius jet

« One boson decays hadronically: q 5
1. V/h - 2 small-R jets (Resolved) < @

2. V/h - 1large-R jet (Merged) ‘ %
pl e |

| >
/A)osted jets: Increasing transverse momentum, py

“jet” is a cluster of hadrons that
NNV meeting - 08/11/2024 E. Cherepanova OrigiﬂGTeS from @ CIUCIF|< or 9|UOH
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» Looking for heavy resonances that decays into a pair of bosons:
WW,WZ,ZZ, Wh and Zh q v/t/t

v/v/l
q/b

 One boson decays leptonically:
1. Z - vv (O-lepton)
2. W - v (l-lepton)
3. Z -l (2-lepton)

 One boson decays hadronically:
1. V/h - 2 small-R jets (Resolved)
2. V/h - 1large-R jet (Merged)

» The second round of the analysis it ST 0
that uses full Run-2 ATLAS dato VN e =
L
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« Expect our signal to look like a resonance peak

NNV meeting - 08/11/2024
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Viklef  Signal and backgrounds S van Aoy

« Expect our signal to look like a resonance peak
« The signal has in the final states:
« Electrons and/or muons

* Missing energy (from un-detected
neutrinos)

o Jefts

Ideal situation

[
>

Resonant signal

Backgrounad

Number of events (log-scale)

Mass of diboson
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Viklef  Signal and backgrounds S van Aoy

« Expect our signal to look like a resonance peak

* The signal has in the final states: Real situation
« Electrons and/or muons
* Missing energy (from un-detected

5 | T | .I | T T
10°E" ATLAS Work in progress - Data
s=13 TeV, 140 fb o it

VVilLep MergHP GGF WZ O1btag SR @ Single t

Events

neUTrinOS) 10* -‘[’)vifﬁlson
W+hh
e Z+
e Jefts 10° m= Z+hl

— e
gz Uncertainty

« Other processes have similar final states 107

10

* Need to efficiently reject background 1
events:
. . § 14 ' ' ' ' E
DeT.O led eve n.T selection . % ;E-—-m_ w++++%ﬁ-%eeeeee%%%%*eeeeee%%eeeeeeeeg
« Various techniques and algorithms 3 o6t . . | -
1000 2000 3000 4000 5000 6000

m(lvJ) [GeV]
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NNV meeting - 08/11/2024

0, 1 or 2 leptons

Y

VV orVh

|

Production mode (GGF or VBF)

!

Merged or Resolved

|

Mass-window of a W /Z /h boson

!

Number of b-tagged jets

|

Selected events

E. Cherepanova
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Detailed info in the backup
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[ Cut based selection }

A 4

0, 1 or 2 leptons

Y
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A

VV orVh

|

{ Multi-Class classifier }

Production mode (GGF or VBF)

<  VBFRNNtagger |

!

[ Cut based selection }

A 4

Merged or Resolved

|

[ Cut based selection ]—>

Mass-window of a W /Z /h boson

NNV meeting - 08/11/2024

[

! Vector-boson tagger }

A

Number of b-tagged jets

|

Selected events

E. Cherepanova

b-jets tagger

Detailed info in the backup
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A 4

| Cutbased selection | 0, 1 or 2 leptons

Y

VV orVh

|

Production mode (GGF or VBF) [«  VBFRNN tagger |

!

Merged or Resolved

|

| Cutbased selection |—1Mass-window of a W/Z/h boson|
r ! Vector-boson tagger }

A

Multi-Class classifier

A 4

[ Cut based selection }

Number of b-tagged jets < b-jets tagger

|

Selected events

NNV meeting - 08/11/2024 E. Cherepanova
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»DNN based classifier to orthogonalise V¥V and Vh channels
« Uses jet substructure and jet 4-momenta as input
« OQutputs 5 classes: Higgs, W, Z, top, QCD
« Only applied on events that are selected in both VV and Vh

Test pr bin: 500-600 GeV

1.0
&0 0.07 0.08 0.06 0.04
0.8

+ 0.06 0.86 0.02 0.01 0.05

Good predictive
power

0.6

= 0.08 . . 0.13 0.01

True Label

-0.4
N 0.07 0.03 0.27 ra 0.09

-0.2
< 004 0.05 0.02 0.10 0.79

-0.0
qg t W Z h

Predicted Label

Confusion matrix
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»DNN based classifier to orthogonalise V¥V and Vh channels
« Uses jet substructure and jet 4-momenta as input
« Qutputs 5 classes: Higgs, W, Z, top, QCD

« Only applied on events that are selected in both VV and Vh
« Uses the probabllity ratio as the discriminative variable

Test pr bin: 500-600 GeV

1.0 . . . . .
o0 007 008 006 004 0.87ATLAS Simulation Work in progress |
Vs=13TeV
0.8 > 0.7f Merged MCT True class \
- = L1 qg
o 0.06 [N : : 0.05 5 06l — | .
Good predictive 0.6 £ W Good separation
= 8 0.5t [ —4 |
power Ss : - M 8 — between W// and h
S S 0.4f |
= 0.4 €
203 —
N 007 003 027 kIS 0.09 S
i < 0.2f ]
< 004 005 002 010 [ 0.1 ]
qg t W 7 h ~00 0.0 —4 —2 0 2 4
Predicted Label log( p(h) / p(V) )

Confusion matrix
NNV meeting - 08/11/2024 E. Cherepanova 16
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A 4

| Cutbased selection | 0, 1 or 2 leptons

Y

VV orVh

|

Production mode (GGF or VBF) [«  VBFRNN tagger |

!

Merged or Resolved

|

| Cutbased selection | —{Mass-window of a W /Z/h boson
i( Vector-boson tagger

A

{ Multi-Class classifier }

A 4

[ Cut based selection }

Number of b-tagged jets < b-jets tagger

|

Selected events

NNV meeting - 08/11/2024 E. Cherepanova
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Viklhef  Vector-boson tagger
» Targeted V(lep)V(qq) final state has a lot

of V+jets background

NNV meeting - 08/11/2024

E. Cherepanova
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» Targeted V(lep)V(qq) final state has a lot
of V+jets background

ATLAS workin progress —— Mass Cut: High
- — M Cut: L

- Vs=13 TeV, 140 fb™ ass Cut: Low

120(— SmoothWContained50

»Cut-based tagger to reduce the V+jets e

background of-
* Uses pr-dependent variables: wof-

a0

140

m(J) [GeV]

20—

2. Jet substructure variable D,
3. Number of associated tracks to the jet

. Jlr_arge—R jets are tagged if they pass 50% signal efficiency WP of the
agger

C oo b v b e ey
0 500 1000 1500 2000 2500 3000

large-R jet pT [GeV]

»Removal of >60 % background events depending on a region

NNV meeting - 08/11/2024 E. Cherepanova 19
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[ Cut based selection }

A 4

0, 1 or 2 leptons

Y

% UNIVERSITEIT

“ VAN AMSTERDAM

A

VV orVh

|

{ Multi-Class classifier }

Production mode (GGF or VBF)

<  VBFRNNtagger |

!

[ Cut based selection }

A 4

Merged or Resolved

|

[ Cut based selection ]—*

Mass-window of a W /Z /h boson

"N

After we applied all the | |[Number of b-tagged jefts [

selections what is our
analysis sensitivity e

N\

\ A4

! Vector-boson tagger }

|

Selected events 2

NNV meeting - 08/11/2024

E. Cherepanova

b-jets tagger

Detailed info in the backup
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Niklhet  Expected sensitivity

« Simultaneous binned likelihood fit across
all analysis regions

* Final observable:
» O-lepton: diboson transverse mass
« 1-,2-lepton: diboson invariant mass

* Major backgrounds (V+jets, tt) are freely
floating

* Minor backgrounds use
shape/normalisation from theory
predictions

NNV meeting - 08/11/2024 E. Cherepanova
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Vet Expected sensitivity = Ao

 Simultaneous binned likelihood fit across Fxclude fhe area above the line

all analysis regions 2 oL ematev ot /) ATLS wornpogess
° FInOl Observgble. d 1032_ PYRVTW Wz /. RoI:nd1 (EPJ;80(2020)1165) _Z
* O-lepton: diboson transverse mass mf N Round
« 1-,2-lepton: diboson invariant mass SN
E . E
* Major backgrounds (V+jets, tt) are freely E Tellige S E
floating 10% DI 3
* Minor backgrounds use — | | | —
shape/normalisafion from theory o [ s | | | o
predictions E o T .

A — #...\..ZI ............. é .............. 4L ............... 4

» SIgﬂIfICOﬂT mprovemen’r wrt Round 1 Upper limit on diboson cross-section x BR

» Pseudo data used to estimate sensitivity

 Statistical + experimental systematic uncertainties are included

NNV meeting - 08/11/2024 E. Cherepanova 22
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« Variety of models predict heavy new parficles decaying to dibosons
« Search for their semileptonic decays is very complicated, but possible

« The 29 round of the analysis is presented
« Many developments wrt the round 1
« Expected sensitivity looks very promising

« Still some work to do:
 Finalise fit strategy
« Add missing uncertainties
« When it is done - look at the real datal

NNV meeting - 08/11/2024 E. Cherepanova
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Thank you for your attention!

NNV meeting - 08/11/2024 E. Cherepanova 24
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Back up

E. Cherepanova
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Nik[hef

Analysis overview

Benchmark models:

* Randall-Sundrum (RS) Radion (spin-0)

« 2HDM pseudoscalar A (spin-0)
« Heavy Vector Triplet (HVT) W'/Z' (spin-1)
« RS Graviton (spin-2)

q/q"

NNV meeting - 08/11/2024
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Production modes:

» Gluon-gluon fusion (ggF)
* Vector boson fusion (VBF)
* Drell-Yan (DY)

» b-associated production of
A (bbA)

E. Cherepanova
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Vet Analysis flow-chart L T

0/1/2 lepton common cuts

63 Signal Regions
78 (Control Regions +VV lepton cu VH lepton cuts

+ VBF jets vV 1-lepton

VH

\VIET) preselection +b-jet Top CR preselection
Y
1jj Z- like
+j7 W-like
A4 VH
VW res VZ res merg VH res
+W/Z window /sideband, h window/sideband
A 4 Y Y
v

N vz A Y VW VZ res I 18l VH VH
merg g HIEH merg res SR res OR res SR CR néei:r{g néel;g res SR res CR

W /Z-tagger substructur b-tag requirements b-tag requirements
\ 4 Y Y v v

] () ) () 7= ) (T e | (e | (e | [ oo ) () (e (Ba) ()
HP SR LP SR HP CR LP SR HP CR LP CR CR 2b SR 1b SR 2b OR 1b CR

L-tag requirements

VZ
mergLP
0/1b
CR

NNV meeting - 08/11/2024 E. Cherepanova 27
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« Lepton channels are orthogonal by construction

But!

« Hadronic selection (merged/resolved) is not orthogonal
* V'V and Vh SRs are not orthogonal: jet mass window overlap
 Merged (resolved) SRs can overlap with resilved (merged) CRs

A Jets
MCT

resolved

~

2 Small-R

AYAYA resolyed VH resolved
_____ S

1 Large-R
VV merged

VH merged

Orthogonalisation procedure:
« Run analysis cutflows to find active SRs

« Remove any merged SR events from the
resolved SR

} oo « Remove and resolved/merged CR events
which overlap with the opposite
merged/resolved SR

* If remaining overlap, calculate the DNN
MCT scores and classify the event into VV SR

NNV meeting - 08/11/2024

H—J

MCT merged

> Mass and remove from Vh SR and vice versa

E. Cherepanova

-~ VAN AMSTERDAM
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Event selection

NNV meeting - 08/11/2024 E. Cherepanova 29
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Jet requirements )

_____________________________

* One large-R jet
* Vh: pr > 250 GeV
« VV:pr > 200 GeV

—— - = ——

——

’ Resolved \

* Two small-R jets
* h: 2 b-tagged or I

1 b-tagged + 1 additional
- plead > 45 GeV |

——————————————————————————— I
I
v

Mass window

i W:62 <mj; <97 GeV !
i Z:70 < mj; < 105 GeV ii
' h(0,1-ep): 110 < m;; < 140 GeV !
| h(2-lep): 100 < m;; < 145 GeV |

7/

Event selection (simplified)

% UNIVERSITEIT
“% VAN AMSTERDAM

e e e e e —— o = o

.RPT/‘m > 0.35 GGF

’ O-lep \‘: / 1-lep

E-No leptons ¥ *Exactly 1 Tight lepton

< EJMSS > 200 GeV || *pr > 30 GeV

'« Anti-QCD cuts || *ESS > 100 GeV (Merq)
L. /1 EMisS > 60 GeV (Res)

\ 1
\ 7’
\\_________________________—y
N e e e e = = = ————

NNV meeting - 08/11/2024

Requirements per lepton channel

——— - - = = = =

! *Exactly 2 Loose leptons '
'« Mass windows consistent |
' with Z - Il decay I
| eplead 5 27 Gey
| op3*P > 27(25)GeV Merg(Res) !
' *Rpyym > 0.35 GGF !

- - - — - — ———— -

R _ mln(p¥l’ p¥h) .RPT/m > 0.25 VBF .RpT/m > 0.25 VBF
\p-p/m myy \\:Anfi-QCD cuts, b -veto ) ‘\\. METsig < 4 )
4 Taggers )

Together with the mass window cuts define SRs and CRs

1 Mulfi-class ‘: I W/Z (3var) \; [’ VBF RNN \:

. Orthogonalizes VvV i . In VV merged defines high/low purity EE Defines VBF i

I‘ and Vhregions :\ regions, distinguishes W/Z from QCD !  regions |
\\ __________________ N e e e e e Y L N - /

E. Cherepanova 30



Viklhet  O-lepton channel

B UNIVERSITEIT
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Selection VV merged Vh merged VV resolved (not explored) V h resolved
0-lepton Selection
Trigger MET Trigger
Lepton Multiplicity 0 “loose" Leptons
Emss > 200 GeV > 150 GeV
S > 10
min[Ag(jets, Em55)] > 0.2
Jet Cleaning Tight
Jet Selection
Number of Jets 1 large-R jet 2 small-R jet
Leading jet pt > 300 GeV > 250 GeV > 45 GeV
W /Z/h requirements | Tagger dependent mass and substructure cut | 75 < m(J) < 145 GeV ;V '7%8<<n’1n(5.1jj))<<19(§ 110 <m(jj) < 140

NNV meeting - 08/11/2024

E. Cherepanova
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\ihef ] -lepton channel e AT
Selection VV merged Vh merged VV resolved V h resolved
1-lepton Selection
Trigger Single lepton or MET Trigger
Lepton Multiplicity 1 “Tight” lepton and O “loose" leptons
lepton pr > 30 GeV
ERsS > 100 GeV > 60 GeV
pr(W) > 200 GeV > 75 GeV
Jet Selection
Number of Jets 1 large-R jet 2 small-R jet
Leading jet py > 300 GeV > 250 GeV > 45 GeV
W/Z/h requirements | Tagger dependent mass and substructure cut | 75 < m(J) < 145 GeV ;V .728<<mm(§.]j]))<<1%§5 110 < m(jj) < 140
Topology Requirements
ET™ /pt(W) > 0.2 electron-only
b-veto No additional b-jet in event No b-jetin AR(J,b) < 1.0
R GGF:> 0.35
VBEF: > 0.25
Ag(€, EmssS - <15
A¢ (1, J2) - <15
Ad(€,j1/72) - >1.0
Ad(¢,j1/72) - >1.0

R min(pr(Wiep), pr(W/Z/hyeq))

m(VV/Vh)

NNV meeting - 08/11/2024

E. Cherepanova
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Niklhet  2-lepton channel

B UNIVERSITEIT

“ VAN AMSTERDAM

85.6 — 0.0117p1(¢6) < m,,, < 94.0+0.0185p(£€) GeV

Selection VV merged V h merged VV resolved V h resolved
2-lepton Selection

Trigger Dilepton

Lepton Multiplicity 2 “loose” lepton and no additional

Leading lepton py > 27 GeV

Subleading lepton py > 25 GeV > 20 GeV

m(et) 83 <m,, <99GeV

Jet Selection

Number of Jets

1 large-R jet

2 small-R jet

Leading jet pt

> 300 GeV

> 250 GeV

> 45 GeV

W/Z/h requirements | Tagger dependent mass and substructure cut | 75 < m(J) < 145 GeV

W: 68 <m(jj) <98 -
Z: 78 <m(jf) < 105 | 100 <m(jj) <145

Topology Requirements

R GGF:> 0.35
VBF: > 0.25
R pr(min(Z;, ), pr(W/Z[hpa4))
- m(VV |Vh)
NNV meeting - 08/11/2024 E. Cherepanova
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New developments

NNV meeting - 08/11/2024 E. Cherepanova 34
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vikhet  What is new wrt the round 12 Bl

« Harmonisation between VV and Vh

* Improved physics object reconstruction:
* New algorithms for Large-R and Small-R jetfs reconstruction
* A new V-boson 3-variable tagger
* Newer b-tadding algoritm
« Improved V+jets modelling

« Custom Multi-Class Classifier to enhance the separation
betweenV - gqq and h — bb

 Infroduced a VBF category in Vh channel for the first time

NNV meeting - 08/11/2024 E. Cherepanova 35



viklhet  VBF RNIN fagger

:E? 070 ATLAS Work in progress ... py z' - VH — waqgq
s E — VBF Z' - VH - wqq
. g 0.6— DY W"—)VH—)lqu
»RNN fagger to classity VBF events from - o W i e
T o5 . —VBF Z - VH - ligq
ggF/DY :
» Was used in round 1 VV search, now Ry
extended to Vh channel *3E

0.2

RNN 0.1;—
« Takes 4-momenta of the small-R jets

B e T T L TN,
-v.¢.mn\--sr_nll\u“"“‘“'.‘
1 1

[ R L1 I
1000 2000 2000 4000 s000

- Removes small-R jets from hadronic boson & £ AHAStokneeses S
candidate S 9oF RSC
S o4 CJqgA HVT WZ
o . . - [ VBF HVT WZ
« Up to 2 remaining jets are chosen as input F
« If no small-R jets left > ggF/DY region oos|-
* If RNN score <0.8 - ggF/DY region oot B ]
otherwise VBF region ool T ] ol :
00:IH0|1|HIO|2HHO|3HHO.|4HIIO|5H||0|6”H0]7HII()?Blllg.Ql_l_1

RNN score
NNV meeting - 08/11/2024 E. Cherepanova
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Expected sensifivity

NNV meeting - 08/11/2024 E. Cherepanova 37



Niklet  FIf sfrategy

Simultaneous binned likelihood fit across all signal and
control regions

« 2 fit setups:
e WZ+Vh
e« WW+ZZ+Vh
 Final observable:
» O-lepton: diboson transverse mass
« 1-,2-lepton: diboson invariant mass
« Major backgrounds (W +jets, Z+jets, tt) are freely floating:
« Shape is from Monte-Carlo simulation
« Normalisation is from data in CRs

Minor backgrounds use shape/normalisation from theory
predictions

NNV meeting - 08/11/2024 E. Cherepanova
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Post-fit dISTI’IbUTIOﬂS

5

ATLAS Work in progress
Vs=13 TeV, 140 fo
VV1iLep MergHP GGF WZ 01btag SR -stop

Events

+ Data =
B W+LL
it

Diboson _|
B W+HL

W+HH
B Z+LL
8 Z+HL

Z+HH =

[Z]Uncertainty ]

S 'y'.r'.T././/. A s
TILLL LSS LS LTSS LTS LSS S LTS ST TS LSS S ST

Data/Postfit

TTTTerTTT

NN
RN

4000 5000 6000

m(lvJ) [GeV]

— . :
ATLAS Work in progress
Vs=13 TeV, 140 fb™

Events

T T T
—-+-Data EI
B W+LL 3
@ W+HL

I stop 7
Diboson

B Z+LL

8 Z+HL
Z+HH

] Uncertainty -
=

E

.

Data/Postfit

r m Rr N

2000 2500 3000

m(lvij) [GeV] 38
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cTexcl [fb]

T T T T I T T T T T T T I T 1]
nl Vs=13 TeV, 140 fb1 ATLAS Work in progress B
100~ Expected 95% CL =
— DYHVT W' > WZ -
100 e Round 1 (EPJC 80 (2020) 1165) —
= e 3

- e® @ meeeeees Round 2 —
102 E \.‘b‘ E
= e v -

— . ‘Q -

‘e &

10 & %" 5
= o. e, =
= “0ee *-o -

1 ®-.... e o =
= Bl oEr T SETI ® =
= @l o e g .. ]

107" e S

E. ] L ] ] ] ] .é
4 T T T T | T T T T | T T T T | T T T T | T T T T | T T
Q - ]
= I N ]
o 2 e e 7]
L ovecpeegeclocpogecg oo gy ey oy -.I-.-..I-- L+

0 1 2 3 4
m [TeV]

> Significant improvement wrt Round 1

« Pseudo data used to estimate sensitivity

0-excl [fb]

Ratio

Expec’red sensitivity

% UNIVERSITEIT
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E T T T I T T T T T I T T T T I T T I T 1:—
E {s=13 TeV. 140 b ATLAS Work in progress —
4 ’ Expected 95% CL
10 E" DYHVT Z - ZH =
I Round 1 (EPJC 80 (2020) 1165) .
103 E ' =
= S e Round 2 3
2 B ‘. B
10 E .‘Q‘ =
- 83 _
10 = L ) —=
= e3- =
— ':::: PY -e ]
- e, .
e -e.
1= @, 0. —
= A4 .--: ------ & P —— @.m--- 3 E
107"
E. ] ] ] 1l E
2_ T T T T | T T T T | T T T T | T T T T | T T T T | T T_]
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« Statistical + experimental systematic uncertainties are included
»To do: add theory uncertainties and finalize fit strategy

NNV meeting - 08/11/2024

E. Cherepanova
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