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e Large Hadron Collider (LHC) is a pp-
collider located at CERN in Geneva,
Switzerland.

e ATLAS is among the two generic-
purpose detectors at the LHC.

e Collected 20 fb-! (1.1 fb-')@Run-1(2)
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H—ZZ(")— 4u
allshel ¢ \We have discovered a Higgs boson

at 125 GeV. What is beyond it?

e |s it the Standard Model Higgs boson, or is it part of an extended
scalar sector?

e |s the discovered Higgs boson elementary or composite?

e Any insights from the perspective of naturalness?

no theoretical fine-tuning to keep the Higgs mass stable
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1) The Higgs boson could be a part of an extended scalar sector.
— There could be more Higgs bosons.
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New Particles@TeV Scale
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2) The naturalness implies that there could be additional interactions &

above the

particles at the TeV scale.
— Also predicted from composite Higgs models.

quarks and gluons A

cutoff

e Composite Higgs models predict high mass resonances decaying to

diboson final states.

e Also, extra dimension models (e.g. Randall-Sundrum) predict high mass
resonances that decay to diboson final states.
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Diboson resonance searches are very important
for the post-Higgs LHC physics program!
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Diboson resonance searches are very important
for the post-Higgs LHC physics program!

| will present selected Run-1 results on this topic
& will briefly mention prospects for Run-2
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e H—/Z/ZIs apromising channel to search for a heavy Higgs boson in the low
tan B case.

o H—-ZZ-4l (e,u), llvy, llgq, vvqg channels are considered. Each channel
has different sensitivity in sighal mass range & is complementary.
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HoZZ-41 & llvy
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e Leptonic channels have very clean final 8 AT b o e
. . T 102t H—>2Z-1ill, ggF 5 x obs. limit  —
states & good signal/BG separation. 107, i
o - Wgg—2Z
i 10 [ 1Z+jets, tt _

e 4l: Limited event yields, but good mass
resolution (1-3.5%) & sensitivity in the
low-mass range.

Uncertainty

e [|lvv: High event yields, but limited mass - - |
resolution (7—15%), but high signal 200 400 600 800 1000
sensitivity in the intermediate & high T [5Y]
Masses. § 103é_l\/éthI;4Tlsevl, 2Io.:;fbl"l | IEgIID;L;H(Im(I)GLV)I =

P F H—-ZZ-llvv ggF qu:";; limit -
e The most dominant BG is qq—ZZ for both : e S E
channels. It is estimated at the NNLO 0 f ot g

including the shape of distributions.

e Non-ZZ BGs are validated or directly

107 v, 7
estimated from data. R :
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e Very high event yields, but also

> >
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e Signal regions are split into several categories.
e Untagged (llgq, vvgq): no b-jets.
e Tagged (llqq, vvqq): With two b-jets. Better signal over noise than the untagged.

e Merged (llgq only): Two partons merged in one jet. Occurs more often in the high mass signals.

e Backgrounds are difficult to model by simulation. Estimated by simultaneous
fits in various control regions (Z+jets CR, top CR).
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e No excess is observed in all the 4 channels. The results are
combined to set limits on the heavy Higgs production cross section x BR
& Two Higgs Doublet Model (2HDM) scenarios.

e Surpassed the previous results from the Tevatron & LHC @7 TeV &
provided constraints on phase space of the extended scalar sector.
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- —rem = o WZ, WH, ZH
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e Various physics beyond the Standard Model (BSM) predicts presence of high
mass resonances (e.g. Extended Gauge Model, bulk Randall-Sundrum,
minimal walking technicolor, composite Higgs model, etc.)

e In many cases, the branching ratios to diboson final states are sizable.
e m(G*)=1TeV: BR(G"W+W-)~20%, BR(G*—ZZ)~10%.

e Due to the large BR, the highest mass reach comes from hadronic
decay channels from the W/Z/H bosons. — Boosted boson tagging (next slide)

Hideki Okawa TGSW 2015, September 30, 2014 14
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e Bosons decaying from high mass resonances are highly boosted.
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E jg single large-R jets (Cambridge-Aachen, R=1.2).
lllllll_ 20 o Split-filtering algorithm for grooming.
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Pl [GeV. e Require symmetrical splitting between the

subjets coming from decay quarks.
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VV—qqqq (JJ) Search &5
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e 2 same-flavor leptons (compatible with Z) & jet(s) final state.

e Signal regions are split into low/high-pt resolved (lljj) & high-pt merged (llJ) like the 1-
lepton search.

e Dominant BG is Z+jets. Estimated with MC simulation with normalization & shape
corrections applied from control regions.

e No excesss observed in this channel. Excluded m(G*) <740 GeV & m(W')<1.59
TeV@95% CL.
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e Fully leptonic (e,u) channel. Very clean signatures, but low branching
fractions.

e / mass constraint on the 2 same-flavor leptons. W reconstructed from the
remaining lepton & Missing Et using the mw constraint.

e No excesss observed in this channel. Excluded m(W')<1.52 TeV@95% CL.
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e JJ,Ivaq, llqq, Ivll channels are combined to search for high mass
resonances decaying to WW, W/Z, and ZZ.

e No significant excess is observed throughout the mass range. Excluded
m(G*) <810 GeV & m(W')<1.81 TeV@95% CL.

e [ocal significance on WZ@~2 TeV is reduced from 3.40 to 2.50.
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Mysteries to be Resolved &5
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e ATLAS & CMS provided similar results in Run-1, but yields are not consistent among
the final states. Increase in statistics will definitely help to understand the excesses.
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e Significant increase (a factor~10) in cross section expected for Mx~TeV
production@13 TeV.

e We may be able to confirm/exclude the Run-1 excesses with early
Run-2 data!
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Summary &b

e Presented Run-1 results with the full 8 TeV dataset (20 fb-1) regarding
the diboson resonance searches.

e Diboson resonances may arise from heavy Higgs bosons or other new
particles predicted from BSM physics.

e Small excesses were observed in the fully hadronic channel using the
boosted-boson tagging.

e We may already be able to understand the phenomenon with early
Run-2 data.

e Diboson resonance searches are very important & urgent for the post-
Higgs LHC physics program in Run-2!
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