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Lepton Reconstruction and Identification
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Event Selection
e Two same-flavour/opposite-sign dilepton pairs

o pi?3* > 20, 15, 10, 7(e)/6(n) GeV
e Four sub-channels: 4e, 2e2u, 2u2e, 4u

e 50 GeV < myp < 106 GeV =

® Migw(mae) < mas < 115 GeV, where
Miow = 12 GeV — 50 GeV, rising linearly for
myy = 140 GeV — 190 GeV
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Background Estimation

Main background is 77 production §5°:’ ATLAS Preliminary
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Results

e Observe excess of events corresponding to

6.60 local significance

e Measured mass
my = 124.3 9% (stat) 795 (sys) GeV

e At this mass, signal strength

p=ojosm =173

o p=15+0.4 at ATLAS combined mass
measurement my = 125.5 GeV
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Production Signature Categories

Obtain sensitivity to different production modes by categorizing the candidate 4¢
events passing selection on slide 4

VBF-like category:

e At least 2 jets

o pr > 25 GeV for [n| < 2.5
o pr > 30 GeV for 2.5 < |n| < 4.5

e An; > 3.0
VBF-production e mj > 350 GeV

A

VH-like category:
e Additional lepton

~
~ o pr > 8 GeV
VH-production 1 P

~

e |solation and IP significance

Remaining events are assigned to the
ggF-like category

ggF-production



Results - Categories

Of selected events in full mass range: 8 candidates categorised as VBF-like, 1
candidate categorised as VH-like

e One event observed in
VBF-like category with mass
myy = 123.5 GeV

e For my = 125 GeV,
0.714£0.10 signal events
expected for

120 < mge < 130 GeV

o S/B~5

e One observed candidate in
the VH-like category,
mgy = 270.3 GeV
o 0.9 £+ 0.3 events expected
from ZZ* background

/ Nl ay a1 AN ‘ £
Candidate event with myy = 123.5 GeV in
VBF-like category
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Production Rates
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Spin/CP

o In X— ZZ™) — 44 decays, mz,, mz, and the

. L. 1y 20—
production and decay angles are sensitive to gw?im ATLAS
. . ~ Background ZZ* "
the spin-parity of X 8 16F W oackgromazies, g 22
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o BDT (machine learning) o gp =0 15=8 TeV fLat=20.7 1]

o JP-MELA (use theoretical differential decay
rates to construct a matrix element based 10
likelihood ratio)

e Use events in range 115 < my, < 130 GeV

e Test SM 0" hypothesis against alternative
hypotheses 07, 11, 17, 2/}

60
my, [GeV]
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Spin/CP

e Test hypotheses using the ratio of profile likelihoods of SM and alternative
hypotheses
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Spin/CP: Spin 2

e For JP = 2 model:
o Graviton-like tensor with minimal couplings to SM particles
o See Phys. Rev. D81 (2010) 075022

o Production via gg or qq o 10———— — ——
[ ATLAS
FrHoz72" 54 eData Spin0
. 8-
e Scan fraction of qq [ (5=7Tev [Lat=46" Sonalhypotresis [0
production between 0 and gl 1s-8Tev JLot=207t0" oo D2o
100% off o

e Sensitivity is stable as a
function of gg fraction

o Observed exclusion (0% vs
2+) at 83.2 CL for 100% ggF s S
produced state %)
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production fraction, fqg
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Summary

o With a dataset corresponding to 4.6 fb~! at /s = 7TeV and 20.7 fb™* at
\/s = 8TeV, the Higgs boson is observed in the H— ZZ™) — 40 channel

o Excess corresponds to a local significance of 6.60

e The best fit mass of the Higgs boson is measured to be
my = 124.3 798 (stat) ™05 (sys) GeV

o At this mass, the signal strength is u = o /osmy = 1.7f%’_3
o u=15+0.4at my = 125 GeV

e The signal strength for the different production modes are found to be
compatible with the SM expectation

© lggFiun X B/Bsy = 1.8798
o pveFivh X B/Bsy = 1.2135

e The data is found to favour the SM 0" hypothesis, compared with alternative
hypotheses tested
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Additional material
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Couplings

Following recommendations in LHCHXSWG-2012-001, probe benchmark model:
All fermion couplings modified by single factor kr

All massive boson couplings modified by a single factor kv

No non-SM contributions to the Higgs total decay width
The ratio A\py = kF/kv

o Assumption on total width is relaxed

ATLAS Preliminary
H-2zZ" 54

[s=7TeV: [Ldt=461b"
(s=8TeV: [Ldt=2071b"

Ay > 0.57 @ 68% CL

N W D O N

iy

1 P T R B |

o TR, ) O
00 05 1 15 2 25 3 0

2
N
N
o

v )”Fv
15 of 15



