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Multi-boson Physics

» Electroweak production, powerful tool to probe the Standard Model

» Vector boson scattering(VBS) directly probes gauge boson self-
interactions, non-Abelian structure of the EW interactions

e Rare processes provides discovery opportunities

Standard Model Production Cross Section Measurements Status: July 2021
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Outline

* VBS processes
» Observation of EW ZZjj

e Fiducial cross-section measurements of $@\N
Z(—>1)y]]

+ Search for Z(—s>w)yjj &'

» Observation of WWW tri-boson process \&"
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Observation of EW Z/Z]] S— q'

e \ery rare process with a fiducial cross section of ~1fb
Prevent unitarity violation at TeV scale

q q q
 Decay channel ZZ—> 41, ZZ—>llw ¢ ¢ ¢
IAYj| > 2, mj > 300 for 41 (400 for Ilv) z
« BDT is trained to distinguish between EWK and QCD
ZZjj, largely using jet-related variables, mj, |AYj|, priets. .. 2
e Fitting on the BDT score, gives yew=1.35+0.34, with q ¢ q
S|gn|flcance of 5.5(4.3) o. UQCD 0.96+0.22
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Measurement of Z(—>ll)yj]

* Probes the non-SM neutral ?@ﬁi ?x
guartic gauge couplings. q . -

 VBF topology: large rapidity
gap between the |ets
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¢ > 0.4 as control region
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Events / bin

Data / Pred.

Measurement of Z(—>ll)yj]

e Simultaneous fit in SR and CR on mj distribution

* HEw, HQCD-SR, HMQCD-SR
 EWK fiducial XS:
 Measured:

 Pred:

 QCD process included:
 Measured:

4.49 + 0.4(stat.) £ 0.42(syst.) fb

4.73 £0.01(stat.) = 0.15(PDF) 1055
o (Observation of well over 10 0

(scale) fb

oew+ocp = 20.6 + 0.6 (stat.)’ 15 (syst.) fb,
=20.4 + 0.1 (stat.) = 0.2 (PDF)*35 (scale) fb.
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Observation of Z(—>vVv)yj

* First observation of Z(w)yjj
with 5.2(5.1) o significance

|An;| > 3, m; > 250 GeV

* AQj < 2.5 t0 suppress
multijet

Using multiple control
region to constrain
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Triboson - WWW
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* One of the rarest SM processes, sensitive to alTGC/

aQGC

e Off-shell WH—>WW~ is also included as signal

e [woO channels:

o WWW—>I#vl2vjj, same-sign di-leptons plus 2 jets

 More channels based on lepton ft

e WWW—>[xv[*VvIrv, nOo same-flavor o
lepton pairs

avor: ee, ey, U

Oposite-sign

ATLAS-CONF-2021-039
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Triboson - WWW

e Signal region:
o my, EtMissto suppress Z+jets

« frain separate BDT in 2l and 3| E | ATLAS Preliminary o Data I WWW(u=1.66)
channels D 10°F s=13TeV,139fb" E@WZ 3 Non-prompt
E Post-Fit -}()fr?nv. |:|8hargte-_ﬂ|{3
: : . - er . Uncertain
« Variables include mj, prley, il e Pro-Fit Bigd. !
jet multiplicity, my, prilep), f
ETmiSS_ -
 Main background: W/Z,
constrained by SFOS control
region during simultaneous fit
with signal |
O 1.2
| . o . A
o Other data-driven background. R S
non-prompt, y conversion(Vy), & 99 ]
O

charge-tlip

e Other SM background
estimated by MC
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WWW 2| channel

» Post-fit data/MC comparison
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WWW 3| channel

» Post-fit data/MC comparison
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Triboson - WWW

e Signal strength
prediction = (- s+ b

Signal Strength

Normalization Factors

p(WWW)

WZ + 0 jets

WZ +1 jet

WZ 4 > 2 jets

1.66 = 0.28

1.12 = 0.11

0.98 = 0.04

0.88 £ 0.18

* TJotal observed(expected) significance of 8.2(5.4) o

* Also measured production cross section
850 + 100 (stat.) = 80 (syst.) fb

Fit Observed (expected) significances [o] | pu(WWW)
eTe” 2.3 (1.4) 1.69 & 0.79
e~ 4.6 (3.1) 1.57 + 0.40
T 5.6 (2.8) 2.13 + 0.47

20 6.9 (4.1) 1.80 + 0.33

3¢ 4.8 (3.7) 1.33 + 0.39

Combined 8.2 (5.4) 1.66 £ 0.28

Rongkun Wang

20th Lomonosov




summary

 VBS EWK Z/Zjj processes observed with 5.50 (4.30 expected)

* Fiducial cross section of Z(—=>ll)yjj processes measured to be
4.49+0.58 b

 /Z(—>vv)yj Is observed for the first time 5.20 (5.10 expected)

« WWW processed is observed for the first time 8.20 (5.40
expected)
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/(—>11)y|] phase space

Lepton p.‘{, > 20, 30(leading) GeV, |n¢| < 2.47
N¢ > 2

Photon EY > 25GeV, |ny| <2.37
Egone20 < 0.07E7
AR(L, ) > 0.4

Jet Pt > 50 GeV, |yjer < 4.4
|Ay| > 1.0
mj; > 150 GeV
remove jets if AR(y, j) < 0.4 orif AR(¢, j) < 0.3

Event mee > 40 GeV
Mee + Mgy > 182 GeV
{(tty) <04
N8P =

jets

Table 1: Summary of selection criteria applied at particle level.
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WWW BDT variables

Y 3¢

m;; — my| Et1 P significance x10/E1
pr (forward jet) pr(£2)
ET significance N (jets)

PT (]é)
minimum m(¥¢, j)

m(€27j1)
N (jets)

Pt (52)

n(€1)
N (leptons in jets)

m(glajl)

same flavor my,
mp (000, EARSS)
m(€27 63)
Ap(00l, ET™)
minimum AR(Z, /)
Pt (53).
my (62, E’%IISS)

miss - .
E+7" significance
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WWW vyield

JEIpE. ei'u:t ﬂi#i 3¢
WWW 203+44 128+19 84 + 12 | 358 £5.2
wWZzZ 80.6 5.7 344 +22 17110 | 164+14
Charge-flip 303 +£7.2 18.8+4.5 — 1.7+ 04
v conversions | 62.1 £8.7 142 £ 15 — 1.5+0.1
Non-prompt 166 £4.1 138+24  98+21 | 263+29
Other 228 +3.7 10215 59.7+90 | 8.0+09
Total predicted | 242+ 11 872+22 414+17 | 89.7+54
Data 242 885 418 79
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WWW data/mc plots
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WWW uncertainty

Uncertainty source Ao /o %]
Data-driven background 5.3
Prompt-lepton-background modeling 3.3
Jets and EAss 2.8
MC statistics 2.8
Lepton 2.1
Luminosity 1.9
Signal modeling 1.5
Pile-up modeling 0.9
Total systematic uncertainty 9.5
Data statistics 11.2
W Z normalizations 3.3
Total statistical uncertainty 11.6
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