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Motivation AT LAS

EXPERIMENT
e Quartic gauge boson self interaction completely determined by the
electroweak SM
e Powerful probe for new physics!
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Overview of Recent Results ATLAS
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e VBS ? e
o Electroweak Z(vv)y jj production
o aQGC Re-interpretation of W*Zjj and W*WHjj

e Triboson Production

o Zyy
le) Wilyuy 4 a
o W#Zy
7 ¥ ’
%% .
Z w
q 1%%4 ;

Pheno 2023 John McGowan (McGill University)



Electroweak Z(vv)y jj Production

y-centrality

Pheno 2023

21 lepton

0 leptons

/

m(jj) [GeV] 3 m(jjy [GeV] 5 1
& 1.25F

E.7 > 150 GeV, MET > 120 GeV 5o

Signal modelled with Madgraph@LO with scale variations 05

@NLO from VBFNLO

QCD Backgrounds constrained in data CRs red

MET and mis-ID y from data-driven estimates O-;yEWK

Observed (expected) significance: 3.2 6 (3.70)

iy Zy QCD

10*

Events

10°

Zy QCD
CR2

00

102

10

6.30 (6.60) in combination with low E_*measurement

John McGowan (McGill University)

-1 0.30 0.53 0.71 0.81 0.86 0.90 0.93 0.9 1

\ T T T T T T
ATLAS

g #-Data Z(vW)yjj EWK 3

C Vs=13TeV, 139" [Z(vWyji QCD [ W(iv)yji QCD -

i Background only fit W(lv)yjj EWK W(eV)jj, tjj, tij :
Signal region M tvji Wi

= Post-Fit Zj,j W Z(iyji E

C 7 Uncertainty  ---Pre-Fit Bkgd.

%&//g/%ﬁm

|
e il '/i/// ,/////%/;/

NI
N
N
N
N

BDT classifier response

=0.98 + 0.02 (stat.) + 0.09 (scale) + 0.02 (PDF) fb

+0.34

CERN-EP-2022-138:

Accepted by JHEP


https://link.springer.com/article/10.1140/epjc/s10052-021-09878-z
https://cds.cern.ch/record/2825501

— T
—e— Data Z(vv)yjj EWK

2 E|
$ 3
. :>_,’ ATLAS I Z(vV)yjj QCD W(ivyjjQCD
W(lv)yji EWK Wiev)ij, tj, thj
EFT Interpretation wiomaTev, oo g
2z, ji . Z(lyji

— o/ A*=0.084 TeV™* /. Uncertainty

102 fuo/ A*=4.6 TeV*

e LimitsonTO, T5, T8, T9, MO, M1,
M2 dim-8 EFT operator
coefficients

e Clipping used for unitarized

H\II] | I||II|I| 1 IIIIIII| L

o 25 )
limits: remove anomalous signal 5" 47'77/7/
at particle level for M, > E_ 77

02 04 06 08 T 12 14 16 18

2 E} [TeV]
b o T T T T 3
£ AN A\FTL::T Vi30T
< F s=13 TeV, ]
Eﬁ ik \\\ . Coefficient E, [TeV] Observed limit [TeV™*] Expected limit [TeV~*]
0SE _— i fro/A* i) [-8.7,7.1] x 107! [-8.9,7.3] x 107!
of — frs/A* 2.4 [-3.4,4.2] x 107! [-3.5,4.3] x 107!
sl E fra/A* 1.7 [-5.2,5.2] x 10”1 [-5.3,5.3] x 10°!
F 3 4 o —1 - -1
j: il Expected fro/ At 1.9 [-7.9,7.9] x 10 [-8.1,8.1] x 10
g y/ O E Faanl K 0.7 [-1.6,1.6] x 10 [-1.5,1.5] x 10
1oE // — Unitarity bound ] /A 1.0 [-1.6,1.5] x 10 [-1.4,1.4] x 10
k 3 4 1 1
2k : : ] Farz/ A 1.0 [-3.3,3.2] x 10 [-3.0,3.0] x 10
E. [TeV]

Pheno 2023 John McGowan (McGill University)



aQGC Re-interpretation of W*Zjj and

WWE

e Re-interpretation of WW*Zjj (Phys. Lett. B 793
(2019) 469) and W*WH4jj (Phys. Rev. Lett. 123,

161801)
e 1-D and 2-D limits for SO, S1, TO, T1, T2, MO,
M1, M7
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° Signal region defined by MIl + min (|\/|"y1,|\/|”y2) >2 Mz ° Integrated and differential cross sections in M”, My,
e ISR dominated p,", p;, E;", E;*? and comparison with NLO
predictions from SHERPA 2.2.10 and MadGraph
e LimitsonTO0,T1, T2, T5,T6,T7, T8, T9 dim-8 EFT

operator coefficients
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W=*yy Production
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First observation!

5.6 ¢ (5.6 0) observed
(exp.)

Signal process modelled
with SHERPA 2.2.10
Large jet and electron
photon mis-ID
backgrounds estimated
with data driven method.
tty background
normalization fit in CR
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Conclusions
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e VBS and Triboson Production are sensitive to Quartic Electroweak

couplings.

e Uniquely possible in the LHC Era

e Sensitive to aQGC

e Many new results in ATLAS run 2:
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e More to come!
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aQGC Re-interpretation of W*Zjj and W*W4jj
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