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Vector Boson Scattering

Far e CMS Preliminary
< d 7TeV CMS measurement (L<5.0 )
O Tested and measured SM 0% § Sy cl resmen L5 1058
9 ~ ) ory prediton
corss-sections over 10 orders of 10 o © C CHS oSO Imts a7 Band 13TV
L ' S
magnitude § 10° - E
. . 2102 1T ; J 1
O Discovered Higgs 3 .. i
S 10 i F
. c v
[ Still need to understand the S 4 5 Py
3 ok Nt if.
mechanism behind the B0 2 : L
Electroweak Symmetry Breaking e R = r
Mechanism (EWSB) 10° ] b
.
107 s e e W e W VW
Al results at: http://cern.ch/go/pNj7 "

VBS Diagram

J without Higgs, Vector Boson Scattering (VBS) cross-section violate unitarity at the
TeV scale

0 VBS: the radiated gauge bosons by quarks from the two protons and interact with each
a 95 other and decay afterwards
A% L‘-"H O VBS measurement gives way to probe the EWSB

_ H‘: Y O Rare process in SM, requires good discrimination against enormous backgrounds

! S ~ ! @ With advancement in ML techniques, provide way to improve signal
7 7 discrimination
O First evidence of VBS in WV semi-leptonic channel at LHC.
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Outline
Signal signature

WY scattering is a EWK process with 6 fermions in the final state where V
(W/Z) boson decays hadronically and the other W leptonically

VBS WYV semileptonic channel not yet
observed at LHC

O It has a good benefit of

@ larger cross-section than fully-leptonic one
O and drawback of
@ larger background from V+jets processes
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VBS Topology

0 High pseudo-rapidity gap between VBS jets: Ap; > 2.5

O Larger di-jet invariant mass: Mygs_; > 500 GeV
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Outline

Objects and Samples

’ H 2016 2017/2018
Electrons EG POG mva_90p_1502016 ID (90% eff) + isolation EG POG Fall17V 11so.-WP90 ID (90% eff) + isolation
Muons Muon POG Tight selection + extra d; dyy cuts Muon POG Tight selection + extra d; dyy cuts
AK4 Jets not overlapping with e/u within AR of 0.4 AK4 Jets not overlapping with e/u within AR of 0.4
ets + Tight Jet Id + Loose PU Jet ID py < 50 GeV + Tight Jet Id + Loose PU Jet ID pr < 50 GeV
AKSPF jets || < 2.4, pr > 200 GeV, AR > 0.8 from e/u AKSPF jets ] | 2.4, pr > 200 GeV, AR > 0.8 from e/u
FatJets + Tight Jet Id + Loose PU Jet ID py < 50 GeV + Tight Jet Id + Loose PU Jet ID py < 50 GeV
(2017-only + Tight PU jet ID for 7 region [2.5 — 3.2|)
BTV POG deepCSV: tight WP for b-tagging BTV POG deepCSV: tight WP for b-tagging
brtag loose WP for b-veto loose WP for b-veto
MET PuppiMET PuppiMET

Signal and Background samples

[m)
[m)
[m)
m)

WVJ]J (EWK) : Electroweak production of WVJJ

WVJJ (QCD initiated): Irreducible background for analysis

W+Jets: Most dominating background

Drell-Yan: Z/y decays to 7 ¢~ and we mis-measure one lepton because of acceptance or ineffciency effects, gives missing
energy

tt Jets: Top quark always decays to one b-quark and one W boson. So, 17 — bWbW — blv(v, if we mis-measure one

Q

25%
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Outline

Analysis phase spaces
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Resolved category

Boosted category

Signal region

Elep,> 30 Ge (2016), 35 GeV (207, 2018)
Muon p,>30GeV
PuppiMET > 30 GeV
Leading VESjet p,> 50 GeV
trailing VBS jet and Vits p, >30 GV
1225 M, >S00GeV
Leptonic M', < 185 GeV
betowith Loose DeepCS\ WP
Vhad p, < 2006eV
65GeV < Mj Vhad <105 GeV

Elep,> 30 GeV (2016, 35 GeV (207, 2018)
Muonp,>306eV
PUpBIMET>30 Ge.

Leading VBS jet p, >0 eV
wilng VBS jetp, >30 Ge¥
0,225 M, 25006V
Leptonic M, < 185 GeV
beto with Loose DeepCSV WP
Vhadp, >2006eV
T0Ge¥ < Vhad <15 GeV

Top control region

Elep,> 30GeV (2016), 35 GeV (207, 2018)
Muon p,>30GeV
PuppiMET>30 GeV
Leading VSt p, >0 GeV
traling VB jet and Viets p, >30 GeV
D225 M, oS00 GeV
Leptonic M, < 185 GeV
blagwith Tight DeepCSV WP
Vhadp, <200 GeV
65GeV < MjVhad <105 GeV

Elep,> 30 GeV (2016), 35 GeV (207, 2018)
Muonp,>30GeV
PuppiMET>30 GeV
Leading VBS jt p, >50GeV
trailing VS jt p, >30 GeV
D225 M, oS00 GeV
Leptonic M, <185 GeV
BTag with Tight DeepCSV WP
Vhadp, >200 GeV
70GeV <MjjVhad < 115 GeV

VBS enhancement:

Elep,> 30 GeV (201), 35 GeV (207, 2018)
Muonp,>306eV
PuppIMET>30GeV
Leading VBS et p >0 GeV
trailing VBS jet and Viets p, > 30 GeV
225 M. . >500 GeV
Leptoric W', < 185 GeV
bleto vith Loase DeepCSV WP
Vhadp, <2006eV
40<MjVhad <65 GeV, Mjj Vhad > 105 GeV

Elep,> 30 GeV (20t), 35 GeV (207, 2018)
Muonp,>30GeV
PuppiMET>30 GeV
Leading VBS jet p,>50 GeV
trailingVBS et p, >30 Ge¥
D225, M, . >500 GeV
Leptonic W', <185 GeV
betowith Loase DeepCS\ WP
Vhad p, >2006ev
40GeV <MjjVhad <70 GeV

156V <jVhad <250 eV

0 Zeppendfield Variable: z =

_ it

Imj1 —mj2|

O Centrality: y=min(An_,An,)
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Outline
Deep Neural Network (DNN) for signal extraction

Approach |

O All Backgrounds vs Signal (events weighted by XS
and SFs)

a;=fiWear+b)

O Training performed on events in signal region Feawms{ :

[ Trained 2 different models:

@ for boosted and resolved categories
@ joining all the years datasets

n hidden layers, m, units in layer ¢

0 Carefully checked and avoided overtraining

J DNN fully connected (64-64-64-64 J DNN fully connected (64-32-32-32
nodes) nodes)

O 16 inputs variables O 13 inputs variables

O Regularization: Batch normalization O Regularization: Batch normalization
and L2 norm weights normalization and L2 norm weights normalization

0 1.7 M background, 220k signal samples 0 416k background, 50k signal samples
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Outline

Deep Neural Network (DNN) for signal extraction

. o _'C_MS Preliminary
DNN training ‘ ‘

0.08 =1 — Bkg. train
— S Bkg. test =
.. P 0.07f- P— i E
0 Dataset: 80% training, 20% validation Signal traln
0.06 - —— Signal test
O Train with Adam minimizer and decaying learning 0.05
rate, until full convergence 0.04
. P 0.031 =
0 Carefully checked and avoided overtraining
0.02]
0.011 .
0'0.30‘0 0.2 0.4 0.6 0.‘8 1.0
\ DNN output
- (o] B Lz138fb (13 TeV. cms L =138 b (13 TeV,
; L_Jwvsvw b oY g 10 WAVWY % E
g L_] VBF-V, Vy, VBS-Z(IV(jj) E \’;‘vor;pr‘ompt % % 102 | VBF-V, vy, VBS-Z(I)V(j) ‘_ __{ Nonprompt 4
= +Jets = 3
% 2 10 {op Wesets
© 3

l:l VBS-W(V)V(ii)

I | I I | I I I
02 03 04 05 06 07 08 09 1 10"‘0 1 L 1 I I I

DNN I d 0.1 0.2 0.3 0.4 0.5 0.6 0.‘7 0}8 U‘.g 1
resolve DNN boosted

BRNS 2022 December 12, 2022



O QCD multijet background: Estimated using data-driven method

@ Tight/Loose efficiency for fake (prompt) lepton measured in QCD (Drell-Yan) enriched
data sample

@ Construct relation between # prompt/ fake leptons and # passing/failing tight ID

@® Weight events in Loose data control region by (probability to have at least one
non-prompt lepton) x (probability to still pass tight selection)

0O W+Jets

@® Mismodelling of the jet pr spectrum for W+many-jets sample — data-driven differential
corrections

® W-Jets contribution taken from MC but corrected in a data driven way

@ Fit their normalization in the global fit in the W+jets CR

@ After the data driven estimation — Predictions and data agree within uncertainties

O Top background: Shape from MC, normalisation extracted from top CR in the final to
fit the data

Asar Ahmed (DU) DAE-BRNS 2022 December 12, 2022



Outline

Background estimation

CMs L =138 1" (13 TeV)
a9 3 g Z vl —+ Data VWAV
O QCD multijet background: Estimated using (3 " Z mmov VBF-V, Vy, VBS-ZUNVGD)
- Nonprompt [l Top
@ Tight/Loose ef ciency for fake (prompt) le " weiets [ veswmvG) riched
g y prompt) lep
data sample 107 Syst Wiets CR - Resolved

@ Construct relation between # prompt/ fake 1
@® Weight events in Loose data control region
non-prompt lepton) x (probability to still pa

11 E

DatalExpected
£
¥
¥

02 04 06 08

0 W+lets DNN resolved

® Mismodelling of the jet pr spectrum for W+many-iets sample — data-driven differential
CMs L=138fb" (13 TeV)

corrections

T T T
- Data VWYV

| % VBF-V, Vy, VBS-Z(I)V(j})
Nonprompt [l Top
W+lets  [] VBS-W(v)V(j)

Syst. Wijets CR - Boosted

=z
=z
® W-+Jets contribution taken from MC butco 3
@ Fit their normalization in the global t in the 5 -
[ J

After the data driven estimation — Predictic

O Top background: Shape from MC, normalisa 5
fit the data

Data/Expected

0z 04 06 08
DNN boosted
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Control Regions

Wlets CR

Outline

dN/dDNN

DatafExpected

dN/dDNN

DatafExpected

CcMs L =138 " (13 TeV)
B e e B A
10 —t— Data VVHVVY
101 I oy VBF-V, Vy, VBS-Z(I)V(jj)

Nonprompt [l Top
W+Jets [ ] vBs-w(v)VGi)

Wijets CR - Resolved

1 < T
0o F
o8 0.2 0.4 06 08 1
DNN resolved
cMms L =138 fb" (13 TeV)
D S e e T
—+— Data VVHVVV
107 =— [ oy VBF-V, Vy, VBS-Z()V (i)
Nonprompt [l Top
o
1o Wedets [ VBS-W(vIV(i)
10° Syst. Wijets CR - Boosted

B

02 o4 06 o8 1

DNN boosted

Top CR

DatalExpected

dN /dDNN

DatalExpected

cms L=138fb" (13 TeV)
10" —+— Data Y,
10 - [ oy VBF-V, Vy, VBS-Z(I)V(jj)
10° Nonprompt [l Top
10° W+Jets [ 1 vBs-wv)Vdi)

Syst. Top CR - Resolved

0z 04 g 08 g

DNN resolved

cms L=138fb" (13 TeV)
10" T T T T

 F —t Data VWY
10 B oy I VBF-V, vy, VBS-Z(NV(j)
10° Nonprompt [l Top
107 W+Jets ] vBs-w(v)V(ii)

10° 3
Top CR - Boosted

02 04 06 05 1
DNN boosted
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Outline

Signal Region
Signal region distribution for one of highest ranked variable, di-jet invariant
mass of VBF jets and DNN score, for both resolved and boosted case

cms L=138fb"' (13 TeV) cmMs L =138 " (13 TeV)
2 1o I A S N A A A R = T T T T 3
S 1owf —+— Data WV S 1oL —+ Data WV 3
2 E = 2 E
O L[ Moy VBF-V. vy vBS-ZabvG | @ o N ov VBF-V. Vy, VBS-Z(IDWVG) ]
10° Nonprompt [l Top Nonprompt [l Top El
107 WrJets VBS-W(W)V(i) 10° WJets VBS-W(NMV(ij)
100 Syst
10° e
3 z
g g
E E
= 1000 2000 3000 a 1000 2000
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v
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= S S e e =
Z 10°L —+ Data v = 4+ Data v -
S e[ EEoOv VBF-V, Vy, VBS-Z(DVi) = - oy VBF-V, Vy, VBS-ZUDVG) ]
3 . Nonprompt [l Top E Nonprompt [l Top E
1o Wedets VBS-W(VVi) Wedets ] VBS-W(MVG) |
1o’ Syst E
10° e E
10° el L —
1ot — —
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3 2 E 12
T E 3 0§
‘é 1B g &0 k. S+ P i
s oo E S oo f i ™
= o8 o o0z 0.4 06 os 1 e o8 5 0.2 04 06 08 K
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Outline
Systematic Uncertainty

O Systematic uncertainty can

Uncertainty source A
affect ﬂ.le S.hape and Statisticalty ()HlE;V
normalisation of the DNN Limited sample size 0.10
distribution Normalization of backgrounds 0.08

a Larggst impact is from Exp egf?;;ﬂg 0.05

statistics Jet energy scale and resolution ~ 0.04

@ Expected as VBS signal is Integrated luminosity 0.01

a rare process Lepton identificaﬁion o 0.01

Boosted V boson identification ~ 0.01

0 Experimental uncertainty is Total 0.06
mainly dominated by Theory '

. . Signal modeling 0.09
b-tagging and jet energy Background modeling 0.08
scale/resolution Total 0.12

Total 0.22
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Outline
Summary and Results

Q

Fit DNN shape in the signal regions

Fit Wjets subcategories normalizations in W-jets control Rl [ZV TR DN T @111

regions EW and QCD WY signal
Fit only normalization in top-quark control regions strengths
Results ) CcMSs 138 fb' (13 TeV)
@ SM EW signal strength: T e
g = o [N = 0.85%0%% i ,
Signal significance of 4.4 o ( 5.1 o expected) - E
& g 0.53 0.08 it E
% Observed cross-section of l.9f0_26 pb (2.231’0‘11 pb ook E
expected) >F E
@® Considering EW and QCD WYV production as signal, the o2 ) ) ) ) ) i
signal strength: =
HEW+QCD = o (M = 0.97 + 0.06(slat)f8:£(syst) =
0.97+029 The results on the first
@® Measured cross-section: 16.433 pb (16.9:’%:? pb evidence of VBS in WV

expected) channel is published in P}
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Higgs diagrams

Backups

cross section [fb]
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Backups

process year dalasel name
WajetsLO 2016 WJet sToLNu_TuneCUETE BM1_13TeV-madgrap hMIM-pyt hiad
g 20172018 WJet sToLNu_TunecP5_1 3TeV-madg raphMIM-pythiad
016 Woet sToLNu_HT+_TuneCUETFAMI_1 ITeV-madgraphMLi-pychias
Wlels LOHT bins | 20172018  WJet sToLKu_HTs_TuneCP5_13TeV-madgraphMLM-pyth fad
* HT bins: 70, 100, 200, 400, 600,500, 1200, 2500, +0 GeV
D¥JetsToLl_M-50_TuneCUETPAMI_13TeV-amcatnloFRER-pyths al
D¥JetaToLl_M-10£650_TuneCUETE 8M1_13Te V-amcatn16FXFX-pythiad
2016 D¥JetaToLl M-StoS0_HT+ TuneCUETPEML_13TeV-madgraphMLM-pythiad
HT bins: 70, 100, 200, 400, 600, +00 Ge
D¥dat3ToLl_M-S0_HT«_TuneCUETE 8M1_13Te V-madgraphMLM-py thiad
HT bins: 70, 100, 200, 400, 600, 800, 1200, 2500, +00 Ge\'
GYdetsToll_M-50_TuneCP5_13TeY-amcatnl GERER-py thial
D¥JetsToLl M-10t050_TuneCP5_13TeV-madgraphMLM-pythiad
D¥JetsTolL M-4toS50_HT+«_TuneCPS5S_13TeV-madgraphMLM-pythial
D¥sJets 2007 HTbins: 100, 200, 400, 600, + 0w Gel/ e o
D¥JetsToLl M-50_HTe_TuneCPS_lITeV-madgraphMLi-pythias
HT bins: 100, 200,400, 600, 800, 1200, 2500, + 0w GeV
736 taToLL_M-50_Tune CPS_13TV-ameatnl GFRFR-pyERIAR
PYdetaToLl M-10t050_TuneGPS_13TeV-madgraphMLi-pythias
018 DYJetaToLl_M-4toS0_HT«_TuneCk5_13TeV-madgraphMLM-pythiad
HTbins: 100, 200, 400, 600, + 00 Gel/
DY JetsToLl_M-50_HTs_TuneCP5_1 ITeV-mad graphMLM-pythiad
HT bins: 70, 100, 200, 400, 600, 800, 1200,2500, +o0 GeV'
i 2016 TTToZLiNu_TuneCUETPEMZ_ttHtranched_13Tev-powheq-pythiad
2017, 2018 TTTo2L2Nu_TuneCP5_13TeV-powheg-pythiad
Semileptonic ff 06 TTToemilept on_TuneCUETPSMZ_t LAL ranched_13TeV-powheq- pychiad
2017, 2018 TTToSemileptonic_TuneCP5_1iTeV-powheg-pythiad
Single tops-channel | 2008 ST_s-channel_4_lept onDecays_13Tev-amcatnlo-pyLhiaB_TuneCUETFENL
: 2017, 2018 ST_s-channel_4f_lept onbecays_Tune€P5_13TeV-amcatnlo-pythiad
[2016  57_t-channel_(anti|top_&f_inclusivabe cays_13Tev-powhe qvZ-madapin-pythiaf_TuneCUETPENI
Single top t<hannel | 2017 ST_t-channel_(anti)top_4f_inclusivele cays_TuneCPS_13TeV-powhesVi-madspin-pythiad
2018 ST_t -channel_(anti)top_4f_Inclusivebecays_TuneCPS_13TaV-powheg-madspin-pythiad
Single top (W 076 ST_tW_(anti] top_Sf_Lnclual _T13Tev-powheg-Dythi a8_TuneCUETPAHT
b 2017, 2018 ST_tW_(anti) top_5F AnrJusneberﬂys TuneCPS_13TeV-powheg-pythiad
016 ttadets_l3TeV_madgraphMIM-Fyt hiad
f Z production 2017, 2018  trzJets_TuneCP5_13TeV_madgraphMid_pyt hiad
W production 6 TTRJetsToLNu_TuneCUEIPEMI_13Tev-amcat nlcE REX-madspin- pythial
production 2017, 2018 teWJets_TuneCPS5_13TeV_madgraphMLM_pythiad
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Backups

Background Samples (2/2)

process | year dataset name

WminusTe2J iTe2 LIJ_QCD_La_SM_«
2016 TuneCUETPSEML wminusTeLN ukminusTe 2JJJ_QCO_LO_SM_»
Wen & nusTOLNuETo2 IIT_CCD_LO_SM_»
WplusTe2JWminusToLN udJd_gCh_LO_SM_«
QCD=VV | 2017: TuneCPS WplusTo2JEToZLJJ_QCD_LO_SM_«
Wp lusToLNuWeinusToZ JJ_gC0_LO_SM_»
W lusTeLNuWplusTe2JJJ_CCD_LO_SM_«
2018: TuneCPS WplusToLNu ZTe2JJJ_QCD_LO_SM_s
ETOZLETO2TII_OCD_LO_SM_»
* = MJJI00PTJI0 Tunes«_liTeV-madgraph-pythiaf
_4F_Tunes_l13TeV-amcatnlo-pythial
_Tunes_13TeV-amcatnlo-pythia8

2016 TuneCUETPEIMI
2017: TuneCP5

v 2018: TuneCP5 WZZ_Tunes_13TeV-amcatnlo-pythiaf
222 _Tune-_1l3TeV-amcatnlo-pythiad
WGToLNUG_TuneCUETPS 1M1_13TeV-madgraphMiM-pythiad
2016 26 ToZLG_TuneCUETPE1MI_13TeV-amcatnl oF XFX-pythiafl
Vg + Ves Wz TodLtu_mllmin0l_13TeV-powheg-pythiag
B+ Ve WGToLNUG_TuneCPS5_13 TeV-madg raphMLM-pythiad
207, 2018 EGToLLG_01J_5f_TuneCP5_13TeV-amcatnloFXFX-pythiad
WE&To3LHu_mllmin0l _NKPDF31_TuneCP5_13TeV_powheg pythiag
2016 EWK_LNuJJ_MJJ-120_1 3TeV-madgraph-he rwigpp
VEFV EWK_LLJJ_MLL=50_MIJ=120_TuneEECS_13TeV-madg raph-herwigpp_cor rected
2017, 2018 EWK_LNuJJ_MJJ-120 private production with same sonf as EWE_LLJJ
EWK_LLJJ_MLL-50_MJJ-120_TuneCH3_PSWeights_13TeV-madgraph-herwigi_cerrected
_&5\\"\\’ 2016, 2017, 2018 GluGluWWTe LKuQd_TuneCP5_13TeV_aMCat HLO_pythial
Process Dataset name cross section (pb)
WpTo2] WmToLNu /WplusTo2]WminusToLNuJJ_dipoleRecoil EWK_LO_SM* 0.9107
WpToLNu - WmTo2] /WplusToLNuWminusTo2]JJ_dipoleRecoil EWK_LO_SNM* 0.9114
WmToLNu_ZTo2] /WminusToLNuZTo2]JJ] _dipoleRecoil EWK_LO_SM* 0.1000
WpToLNu_ZTo2] /WplusToLNuZTo2]J] _dipoleRecoil EWK_LO_SM* 0.1825
WmTo2] _ZTo2L. /WminusTo2]ZTo2L]JJ dipoleRecoil EWK_LO_SM* 0.0298
WmToLNu WmTo2] | /WminusToLNuWminusTo2JJ]_dipoleRecoil EWK_LO_SM* | 0.0326
WpToZ] ZTo2L /WplusTo2]ZTo2L]] _dipoleRecoil EWK_LO_SM* 0.0540
WpToLNu_WpTo2] /WplusToLNuWplusTo2]J] _dipoleRecoil EWK_LO_SM* 0.0879
ZTo2L _ZTo2] /ZTo2LZTo2]]] -dipoleRecoil EWK_LO_SM 0.0159
2016: *MJJ100PTJ10_-TuneCUETP8M1_13TeV-madgraph-pythia8/RunllSummerl6NanoAODv7-
PUMoriond17_94X_mcRun2_asymptotic_v3-v1l/NANOAODSIM
2017: *MJJ100PTJ10_TuneCP5_13TeV-madgraph-pythia8/RunllFalll 7NanoAODv7-
PU2017_12Apr2018 Nano02Apr2020_102X_mc2017 _realistic_ v7-v1/NANOAODSIM
2018:MJJ100PTJ10_-TuneCP5_13TeV-madgraph-pythia8 /RunllAutumnl8
NanoAODv7-Nano02 Apr2020_102X_upgrade2018-_realistic_v20-v1/NANOAODSIM
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Correction factors

Backups

CMS  Preliminary 2018
o ppm e — 2014
7] C : W ele mext
= - P o ele mint
é_'—’ 15~ mm mu mext
% m H mu mint
£ imili B s
W el - ! Lo : Normalization correction
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Backups

Post Fit distributions

CMS Preliminary L = 137/fb (13 TeV) CMSPrefiminary L = 137/fb (13 TeV)
2 " R R 2 ot K
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5 = 5
g 12 . £
S g o g
& o |
0 g 0
detacta vos wlep_pt
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a Ve M4 B [
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W had reco signal muon
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Deep Neural Network (DNN) for signal extractio

CMS Preliminary
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DNN input variables

Variable Resolved  Boosted tigh

Lepton pseudorapidity v v mil_vbs co

Lepton transverse momentum v v Z’p

Zeppentfeld variable for the lepton v v viet.0_qgl_res

Number of jets with py > 30 GeV v v teliaetaivia

VBS leading tag-et pr - v “'e‘*]*:g‘;“‘j

VBS trailing tag-jet pr v v s ’f

Pseudorapidity interval between VBS tag-jets v v de\!aer:':lj ‘:[ .I %

Quark Gluon discriminator of the highest pr jet of the VBS tag-jets v v - g
. . N vbs_0_qgl_res . J 3

Azimuthal angle distance between VBS tag-jets v v IS o 3

Invariant mass of the VBS tag-jets pair v v il viet ®

pr of jets from Vg v - viet 1pt >

Pseudorapidity difference between Vj, jets v - Lepton_eta -

Quark Gluon discriminator of the V},,, jets v - viet_0_pt -

Viad P1 - v P -

Invariant mass 9f the Vi v v weponst ke like © ¥ sig. like

Zeppenfeld variable for the V},,4 - v - - = - o o

Vjaa centrality - v SHAP value (impact on model output)
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