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Analyses presented today
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Diboson - using 2015-2016 data (36.1 fb-1)
* WW - efvu+v 1905.04242
* WZ - ’vlf 1902.05759
e ZZ - 00vv 1905.07163 Zh
* 40 inclusive JHEP 04 (2019) 048

Triboson - using 2015-2017 data (79.8 fb-1)
* WWW - ¢vevlv, bvlvqq 1903.10415
» WVZ - fvqqll, evevel, qqflll 1903.10415

:
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http://arxiv.org/abs/1905.04242
https://arxiv.org/abs/1902.05759
http://arxiv.org/abs/1905.07163
https://link.springer.com/article/10.1007/JHEP04(2019)048
https://arxiv.org/abs/1903.10415
https://arxiv.org/abs/1903.10415

Cross section

A
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Motivation
* test of pQCD, EWK corrections, constrain aTGC/EFT

Measured in fiducial volume and extrapolated to total phase space

Ohd = Ndata — kag > o Ndata — kag
- L.C T L0 A

* C corrects for detector inefficiency and resolution
* Ais the signal acceptance in the fiducial volume

Differential measurements

* background subtracted kinematic distributions
* corrected from detector effects

;
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Dibosons: WW
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WW-euvyv

Highlights
* investigation of long-standing discrepancies with predictions
o first differential diboson measurement at 13 TeV

Analysis
* eu final state, veto jet (pr> 35 GeV) and b-jets

 unfolded differential cross sections in:

o pr(f1), pr(ep), mey
o |Yeul, Apey, |cosO”| = [tanh(Aney/2)|
» o(fid.) also as function of veto jet pr

» aTGC limits from unfolded p(¢,) in EFT framework
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WW-euvyv
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Fiducial cross section
* compared to MATRIX NNLO

Uncertainties

* 1.3% stat.; 6.7% syst., 2.1% lumi.

ofid = (379.1 = 5.0 (stat) + 25.4 (syst) + 8.0 (lumi)) tb
| | | | | | | | | | | | | | | | |
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Dibosons: WZ




WZ-0ve’?’

Selection

* one OSSF 2¢ compatible with m;
°* mtW > 30 GeV

Backgrounds
* misid. leptons, ZZ, tt+X

Fiducial cross section

* compared with models
o differential in

o pr(2), pr(W), pr(v), mr(WZ)
o Ap(W,Z)
o Njets, Mjj (anti-kr; R=0.4; pr > 25 GeV)
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WZ production - polarisation /
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ZZ — 00vv

L

Larger BF, larger background than 4¢

* high-prZ bosons, good sensitivity to TGC

Selection
* no extra leptons or b-tagged jets

o Ermiss > 110 GeV, V1 / St'> 0.65 + angular req.

Backgrounds to control
» WZ, Z+jets, other ZZ, VVV, ttV

Differential cross section in

o prof leading lepton and leading jet
o 00 system: pr, |y|, A

o LZZ system: pt, mt

o number of jets

Ao/ApiZ [fb/ 10 GeV ]

Pred. / Data
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ZZ — 00vv

Total cross section
o fit to Emiss distribution

Interpretation
* from fit to pr(00)
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* limit to f,;Zvvarying one or two at the time
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Four leptons
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Four leptons
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 Unfolded distributions, double differential in pt(4¢0), |y4, and € flavour
» Extracted Z—4¥0 total cross section

* Possible BSM Higgs couplings to top or gluons

(%5) —
S E
- : * Measured at my > 180 GeV, where ctand cg decouple!
S _
'8 = OO) 1 O I | | | | | | | | | | | | | | |
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O

1A. Azatov et al., JETP 147 (2015) 3
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Tribosons

V*




Evidence for massive triboson production

Inclusive analysis on 2015-2017 data

» targeting WWW (20, 3¢) and WVV with Z boson(s) (3¢, 4¢)
o off-shell production via V/H treated as part of the signal definition

WWW selection

* fvlvqq: same-sign dilepton, split according to flavour (ee, ey, pe, uu)
* ¢vlvlv: trilepton selection, one channel

WWZ and WZZ selection: require one Z candidate
e 30: splitin1, 2, 2 3 jets
* 40: split in DF, SF-on-shell, SF-off shell

z
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WWW - “fake” lepton background

L
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Misreconstructed j - ¢
» dominated by tt

Data-driven estimation

* introduce “fake” lepton definition

* apply correction factors to N+(N)+F events determined in region as 2¢ and 3¢ signal
regions, but: 1 b-tag (tt-enriched)

o
Lepton Minimum Maximum  Maximum n.p.l.  ch.mis.
M I S re co n S tru Cte d Y _} e defintion Quality PT [solation \do|/o gy |zo sin 6| BDT BDT
.o Nominal e Tight Fix (Loose) 5 yes
o - - Nominal y WWW Medium 15 GeV Gradient 3 0.5 mm yes -
¢ VY" (mOStIy V_W) Important In Ze Nominal y WV Z Loose FixCutLoose 3 —
° ° ° tgg:z :1 Loose 15 GeV no 2 0.5 mm no n_o
Data-drlven EStImatlon Veto e Loose 7GeV no
Veto Loose and || < 2.7 © 1o 1o 1o 1o -
. 6 h I ‘k 12/ I
* introduce “photon-like” electrons e,

* correction factors from pue and puey

s
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WWW - validation regions L
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WZ validation region W-sideband region

* 3¢, one SFOS lepton pair * 20 region with |m;; - 85 GeV| > 20 GeV

* no b-tag, Eymiss> 55 GeV

°* My > 110 GeV

> ~ (L L L L L L B B > :""'""""""""'""""""""':
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WWW - Pre-fit inputs W
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WVZ - analysis strategy L

4 UNIVERSITAT

Input variable with best signal-to-background separation

* Backgrounds mostly prompt

> ATLAS WVZ:3e1j | WVZ: 3¢2, 1 WVZ:3¢3]
0.14|-13 TeV, 79.8 fb” | 1 _

* Mainly diboson orel
o WZin 3€and ZZ in 4¢ 0.1~

* All backgrounds from MC  oof
0.02__

b2
[=
> -':':':':|:|:|:|:|::':':':':':':':':':-:':':':':':':':':':
* Build aBDT for eachofthe § [ " """ N
Six signal regions S 5L WVZ:4¢DF =1 WVZ: 4¢ on-shell SF | WVZ: 4¢ off-shell SF _
O
. . . << [T .
o trained against diboson 0.4 Signal T -
i : IRELERE Total background ' '
0.3 : -+ T -
* Input variables o . 1 Eymiss 1
o invariant mass, pr, ... F T S T
- 12-15 variables in 3¢ regions | ! e
- 6 variables in 4€ regions 0 08060402 0 02040608 05060402 0 02040608 050604020 02040608
BDT response
5 .
AD-IE-I!TI\ﬁNST [ M. Cristinziani | Di- and triboson measurements | LHCP 2019 Puebla | 24-May-2019 | 15 [ 21



WVZ - background modelling

WZ and Z+jets validation
* validation region as 3¢-1j SR
* but: no Htcut; mye < 150 GeV

Events / 2.5 GeV

N
g O
o O
IIIIIII| |
N N
-o-
§
|

13 TeV, 79.8 fb” Wz 24 ]
400% 3/1j, ms, < 150 GeV Non-prompt /.y conv. 7
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350 -
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Third leading lepton pr [GeV]

ttZ control region

* defined as region as 30¢-3j SR

* but: no Hrcut; 2 4jets; 2 2 b-tags
ATLAS ¢ Data 4%
13 TeV, 79.8 fb Wz Wiz -
ttZ - 3¢ CR W Wiz Other ]
7 Uncertainty
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WV?Z - Prefit inputs
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WVYV - signal extraction

L
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Binned profile likelihood
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WVV - fit results

L
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Measured
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Visualising the evidence
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Conclusions
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