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https://www.symmetrymagazine.org/article/six-fabulous-facts-about-the-standard-model
https://indico.ihep.ac.cn/event/16608/timetable/#20221125.detailed
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Rare process in SM, requires good discrimination against enormous
backgrounds.

- With advancement in ML techniques, provide way to improve signal
discrimination

VBS Diagram

First evidence of VBS in WV semi-leptonic channel at LHC. *

First measurement of aQGC measurement with WV (& ZV) semi—leptoni*
channel at LHC.




aQGC in the EFT Framework

> BSM search using model independent way:

> Modity triple and quartic gauge couplings by redefining SM Lagrangian

C. n
Lsy — Leff = Lsnp + ZZ ‘/Z\n O§ 0

n=1 1

> AN>>mM & Leff™Lsm as A

> An effective field theory is the low energy approximation to the new physics,
where “low” means < A\
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Motivation of WV Channel (V = W/Z)

- WV production in association with two jets

-+ Semi-leptonic final state with a boosted & resolved hadronic W/Z

Senefits:
+ larger branching ratio than same sign analysis WW final state.

-+ Full WW invariant mass reconstruction (neutrino pz calculation by
constraining W-boson mass)

+ Contribution from all possible QGC and TGC vertex (for WVjj/
/ V|| process):

Reconstructed as a
merged jet

. WWWW, ZZWW, WWyy, yZWW and ZZZZ




Event Selection

VBS Topology:

Event selection:

. Two VBS jets High pseudo-rapidity gap between VBF jets:

An; > 2.5 (Anj > 4.0 for aQGC)

- Two vector bosons WV:

Larger di-jet invariant mass: Mygs.j > 500 GeV
(>800 GeV for aQGC)

- Leptonic decays of W bosons into electron and muons with associated neutrinos

-V (= W/Z) always decay hadronically. It has two categories:

- Boosted category: Reconstructed as a fat jet having radius parameter of 0.8 Additional requirement to enhance VBS:

- Resolved category: Reconstructed as two resolved jets having radius M+ M
parameter of 0.4 H y
Zeppenfeld Variable : Z =
Phys. Rev. D 54, 6680) |71 — M |

Centrality: ~ Bhys-Rev. D 95, 032001
Ev = min{An—_, Any}
where,

An— = min{n(Vpaa)s 1(Vigp) } —min{n;1,njz},
Any = max{njy, njo t—max{n(Vhaqg), n(Vigp) }

Resolved Category Boosted Category

Two jets, pT>30 GeV One fat jet pT > 200 GeV
- Signal extraction using DNN 5



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.032001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.54.6680

Analysis Phase Space

*For aQGC coupling constraint only merged cateqory was used

Control region (CR): Region orthogonal to the 1lep+MET
signal region ——
I Yes { AKS Jet ] No J«

[2 2 AK4 jets ] [2 4 AK4 jets]
Boosted Resolved
category category

off-shell \V hadronic on-shell off-shell \/ hadronic on-shell

reco mass reco mass

0 b jets Objets —Y— =1bjets 0 b jets Ob jets —X >1b jets
#b jets #b jets

W dets CR TopCR | | wedets CR oo P
region region

Top CR: requires > 1 b-jets

Split according to leptons flavour

Final fit combining all regions

C) Object selection

Phase space selection

C) C) Simultaneous fit reaions
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Deep Neural Network (DNN) Training top [Jvervvvesamy [ Morgrorm
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- Binary DNN trained with VBS as signal vs all backgrounds 10-1 _ . _
- Separate model for resolved and boosted categories: o2 A .
- Resolved category: Fully connected DNN having 64-64-64-64 nodes with 16 input variables 10_3; N -

- Boosted category: Fully connected DNN having 64-32-32-32 nodes with 13 input variables 104 T T ?

0O 010203040506 070809 1

- To avoid overtraining dropout layers and L2 weight regularisation was used. DNN resolved
Variable Resolved Boosted CMS Preliminary L =137/fb (13 TeV)
Lepton pseudorapidity v v S 102:_""l'"'l"”l""l""l""I""l"'I""l"'__
Lepton transverse momentum v v © - YRVYY DY E
Zeppenteld variable for the lepton v v D N N SCO re - VBF-V, Vy, VBS-ZIIVjj Non-prompt :
Number of jets with pr > 30 GeV v v . . . 10E 7o Wadets =
VBS leading tag-jet py - < | Distribution -~ veswiuvi :
VBS trailing tag-jet pt v v 1L |
Pseudorapidity interval between VBS tag-jets v v 3 -
Quark Gluon discriminator of the highest pt jet of the VBS tag-jets v v - 3
Azimuthal angle distance between VBS tag-jets v v 107" = E
Invariant mass of the VBS tag-jets pair v v R == :
pr of jets from V} v - 102 At I _
Pseudorapidity difference between V},; jets v - S :
3uark Gluon discriminator of the V, ; jets v D N N | N p u.t -, e -
had p.T B EI | 11 | I - | L 111 | 1 111 | I | | 1 111 I ] | | I | I L 111 | | 11 IE
Invariant mass of the V4 0 0.102 03 04 05 06 0.7 0.8 0.9 1

variables

Zeppenfeld variable for the V},;
V3,.a centrality

DNN boosted

v
v v
- v
v




Background Estimation

- 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 1D
- Weight events in Loose data control region by (probability to have at least one non-prompt
lepton) x (probability to still pass tight selection)
- W+Jets:

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

- W+dJets 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

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

= Systematic uncertainty can affect the
shape and normalization of the DNN
distribution.

= | argest impact is from statistics.

= Expected as VBS signal is a rare
Process.

= Experimental uncertainty is mainly
dominated by b-tagging and jet
energy scale/resolution

Uncertainty source

Statistical
Limited sample size
Normalization of backgrounds
Experimental
b-tagging
Jet energy scale and resolution
Luminosity

Leptons identification
Boosted V boson identification

Theory
Signal modeling
Background modeling

Total




137 fb" (13 TeV)
Summary & Results - |

_ expected
_ expected

M4 EWK

- Fit DNN shape in the signal regions

- Fit W+jets subcategories normalizations in W+jets control regions
- Fit only normalization in top-quark control regions
- Results:

- SM EW signal strength:

pgw = 0”7 1c°M = 08555 = 0.85%¢; (syst)*) 15 (star)

Signal significance of 4.4 ¢ (5.1 ¢ expected)

. Observed fiducial cross-section (m,, > 100 GeV, p! > 10 GeV) of

1.9+ 0.5pb
- Considering EW and QCD WV production as signal, the signal
strength:
gy = 6°16°M = 0.981”8:%9 = 0.98(1'(1)?16 (SySl‘)i_8:8; (stat)

. Measured cross-section: 16.63:‘91 pb




Summary & Results - i

Limits for the WV and ZV final states and combination

e As expected WV significantly more sensitive compared to ZV

Observed (WV) Expected (WV)| |Observed (ZV) Expected (ZV)[| Observed Expected

(TeV —4) (TeV —4) l (TeV —4) (TeV ~4) I (TeV —4) (TeV —4)

fo/A* | [-26,27 —4.0,4.0 -37,37 -29,29 26,27 [-4.0,40

fs/A* | [-32,33 49,49 —30,30 23,23 -33,33]  [-49,49
fvo/A* | [-0.66,0.66]  [-0.95,0.95 —6.9,6.9] —5.1,5.1] | |[-0.66,0.66] [—0.95,0.95)

fvi/A* | [-19,2.0 28,28 21,21 —15,15 -19,20]  [-28,28

fve/A* | [-13,13 -19,19 14,14 —10,10 -13,13]  [-19,19

fvy/A* | [-33,32 48,48 33,33 24,24 -33,33]  [-48,48
fro/A* | [-0.11,0.10 —0.16,0.15 -13,13 —0.95,0.95] |][-0.12,0.10] [-0.16,0.15
fri/A* | [-0.11,0.12 —0.17,0.17 14,14 —0.98,0.99] |][-0.11,0.12] [-0.17,0.17
frn/A* | [-0.27,0.27 —0.38,0.38 -3.1,32 -23,23] |1(-0.27,027] [-0.38,0.38




Summary & Results - i

CMS —
March 2019 ATLAS F— Channel Limits [ Lt (s
X | WVy [-1.3e+02, 1.3e+02) 20.2 fb 8 TeV
M.,0 | WVy [-7.7e+01, 8.1e+01] 19.3 b 8 TeV
Zy [-7.1e+01, 7.5e+01] 19.7 fb" 8 TeV
| | Zy [-7.6e+01, 6.9e+01) 20.2 fb™ 8 TeV
: Wy [-7.7e+01, 7.4e+01] 19.7 fb 8 TeV
H ss WW [-6.0e+00, 5.9e+00] 35.9 b 13 TeV
— WZ [-8.8e+00, 8.6e+00] 35.9 fb” 13 TeV
— —-WW [-2.8e+01, 2.8e+01] 20.2 fb™ 8 TeV
Factor of ~6 H Y- WW [-4.2e+00, 4.2e+00] 24.7 fb" 7.8 TeV
| WV 2V [-6.6e-01, 6.6e-01] 35.9 fb 13 TeV
£A } | WVy [-2.1e+02, 2.1e+02) 20.2 fb" 8 TeV
M, 1 | WVy [-1.3e+02, 1.2e+02] 19.3 fb 8 TeV
| | Zy [-1.9e+02, 1.8e+02] 19.7 fb 8 TeV
} | Zy [-1.5e+02, 1.5e+02] 20.2 fb™ 8 TeV
| Wy [-1.2e+02, 1.3e+02) 19.7 fb 8 TeV
H ss WW [-8.7e+00, 9.1e+00] 35.9 fb” 13 TeV
| Wz [-8.2e+00, 8.9e+00] 35.9 fb" 13 TeV
} —-WW [-1.1e+02, 1.0e+02) 20.2 fb 8 TeV
Factor of ~4 — Y—WW [-1.6e+01, 1.6e+01] 24.7 fb’ 7,8 TeV
i WV ZV [-1.9€+00, 2.0e+00] 35.9 fb 13 TeV
£ AG | | WVy [-5.7e+01, 5.7e+01] 20.2 fb” 8 TeV
M,2 —q Zy [-3.2e+01, 3.1e+01] 19.7 fb 8 TeV
— Zy [-2.7e+01, 2.7e+01] 20.2 fo 8 TeV
— Wy [-2.6e+01, 2.6e+01] 19.7 fb” 8 TeV
£ A | WVy [-9.5e+01, 9.8e+01] 20.2 fb’ 8 TeV
M3 } : Zy [-5.8e+01, 5.9e+01] 19.7 fb” 8 TeV
| | Zy [-5.2e+01, 5.2e+01] 20.2 fb 8 TeV
Wy [-4.3e+01, 4.4e+01] 19.7 fb" 8 TeV
A : WVy [-1.3e+02, 1.3e+02] 20.2 fb™ 8 TeV
M,4 Wy [-4.0e+01, 4.0e+01] 19.7 fb 8 TeV
A I WVy [-2.0e+02, 2.0e+02] 20.2 fo 8 TeV .
M.5 Wy [-6.5e+01, 6.5e+01] 19.7 fb! 8 TeV '
" 4 | Wy [-1.3e+02, 1.3e+02] 19.7 fb™ 8 TeV
Factor of ~9 /A — ss WW [-1.2e+01, 1.2e+01] 35.9 fb’ 13 TeV O ' I r I I I l e
i WV zV [-1.3e+00, 1.3e+00] 35.9 b 13 TeV H
£ Al | Wy [-1.6e+02, 1.6e+02) 19.7 fb” 8 TeV
Factor of ~4 M7 i ss WW [-1.3e+01, 1.3e+01] 35.9 b 13 TeV
- -1
| | | | | | | 'II I I | | I hinkd FV | | [ 3'3el+ 00, 3'136+Ool | | 359 lfb | 13[Tev |
—200 0 200 400 600 800

13

aQGC Limits @95% C.L. [TeV™]
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