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PREAMBLE

* Searches done with 8 TeV data cover many final states
v Semi-leptonic and fully hadronic signatures
V' Le. spin-1 resonance (HVT) excluded for m < 1.8(1.5) TeV with VV combined (VH — £vbb) search
V' Le. spin-2 resonance (RSG) excluded for m < 750 GeV with VV — 742, gglv searches
v Data excesses of 2.5 o at ~ 2 TeV in WZ fully hadronic channel (ATLAS[1])
and of 1.9 o at ~ 1.8 TeV in WH £vbb channel (CMS [2])

- 95% CL Exclusion
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OUTLINE

* Search Strategies
v Identification of boosted W, Z (V) and h bosons that decay hadronically [3] [4]

* Presented searches for heavy resonances decaying into W, Z or /1 pairs
V' lh — bbbb, ATLAS 13 TeV [5], CMS 8 TeV [6]
v Vh = 00bb, g3 7, 4794, ATLAS 13 TeV [7]
v VV — qiqq, ATLAS 13 TeV [8], CMS 13 TeV [9]
v VV — uqg, ATLAS 13 TeV [10], CMS 13 TeV [9]
v VV — 0lg3, ATLAS 13 TeV [11], CMS 8 TeV [12]
vV VV = vingg, ATLAS 13 TeV [13]

* Summary and Conclusions

* Theoretical Interpretations considered in this presentation

v Heavy Vector Triplet (HVT) (spin-1) model [14]
v/ Randall-Sundrum Graviton (RSG) (spin-2) model [15]
v/ Radion in Warped Extra Dimensions (WED) (spin-0) model [16]

* For a detailed scalar interpretation please see A. McCarn'’s report on Wednesday
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SEARCH STRATEGIES

Heavy resonances decay results in boosted di-bosons, hadronic decays enhancing the rates
— it is crucial to identify boosted V' — qq decays

* ATLAS, anti-k; jets with R = 1.0, trimmed * CMS, anti-k; jets with R = 0.8, pruned with
with subjet R = 0.2 and p"" fraction of 5% CA re-clustering with pJ"" fraction of 10%
* Substructure exploited mainly with energy * Substructure exploited mainly with
correlation (D), others variables studied N-subjettiness (71), other variables studied
* b-tagging on ghost associated anti-k; * b-tagging on anti-k; jets with R = 0.4
track-jets with R = 0.2 s Wejet eV
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SEARCH FOR RESONANCES DECAYING IN th — bbbb

* Events selected with 3 or 4 b-tagged
track-jets with p’T > 10 GeV matched to
R=1.0 jets with p, > 250,350 GeV

* Higgs-tagging based on 111; ~ my,

* Main backgrounds from dijets and t#

estimated with Ny, and 1) control regions
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* Events selected with p/T > 40 GeV,
my; > 1TeV and Npe > 2

* Higgs-tagging based on 7,1 and 11 ~ i,

* Main backgrounds from dijets and {f

modelled with exp. function validated

in 1y control region
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SEARCH FOR RESONANCES DECAYING IN th — bbbb

* Two signal regions, 3 and 4 b-tags

* Main uncertainties from b-tagging and jet

energy/mass scale

ATLAS Preliminary
(=18 Tev, 321"
Signal Region, Boosted 3tag

\ 4 Data

N [ Multijet

(=]

Syst+Stat Uncertainty

- GX(1800) KM = 1.0, x50

Events / 50 GeV

SIITTRNY
2000 2200 2400 2600
m,, [GeV]

Data/ Bkgd

azect s
600 800 1000 1200 1400 1600 1800

— ATLAS Preliminary 4 oam
- E1aTev, 321" 1 Mt
Signal Region, Boosted 4-ag =1 ©

Syst+Siat Uncertainty
GH(1000) kil = 1.0, x2
GH(1500) kil = 10,5

Events / 50 GeV

Data / Bkgd

AL
A\ AN\
200 1400 1600 1800 2000
m,, [GeV]
M. Bellomo (UMass)

* Three signal regions based on 7

* Main uncertainties due to b-tagging and jet

mass tagging
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SEARCH FOR RESONANCES DECAYING IN th — bbbb

* Data interpreted in RS Graviton * Data interpreted in WED Radion
(k/Mp; = 1.0,2.0) model (Ar = 1,3 TeV) model
* 95% CL exclusions: * 95% CL exclusions for Ag = 1 TeV
475 < mg, < 785 GeV (k/Mp; = 1.0 1.15 < mx < 1.55 TeV
G Pl X
me. < 980 GeV (k/Mp; = 2.0) 0.3 < myx < 1.1 TeV (resolved search [17])
o 19.7 o' (8 TeV)
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SEARCH FOR RESONANCES DECAYING IN Wh, Zh — 2lep. + bb

* Search in vv, (v, £¢ channels requiring
pr > 250 GeV, m{md ~ my

* > 1 track-jet b-tagged assoc. to lead. Jet

* 10 and 2/ events selected with isol. leptons
pr > 20 — 24 GeV, 0¢ with ERss > 80 GeV

* Main bkg. Z+jets (0¢, 2¢) and W+iets, tf (1£)
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* Fit to myy in control (m/ sidebands and

Nptag = 1,2) and signal regions (lepton

flavors and Ni,e = 1,2)

* Main uncertainties from large R jet

energy/mass scale and b-tagging
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SEARCH FOR RESONANCES DECAYING IN Wh, Zh — 2lep. + bb

* Data interpreted in HVT (A and B) models

v (A): mry < 1480 GeV and myry < 1490 GeV
v (B):myg <1760 GeV and m /o < 1620 GeV
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6 x BR(Z' - ZH) x BR(H — bb, ct) [pb]

& x BR(W — WH) x BR(H — bb, ct) [pb]
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SEARCH FOR RESONANCES DECAYING IN WW, WZ, ZZ — qqqq

* Events selected with 2 jets p’T > 200 GeV, * Events selected with p[T > 30 GeV,
el > 450 GeV and my; > 1 TeV my > 1TeV
* V — qq tagger based on D5, m1; and Nk * High-pr bosons p¥ > 200 GeV
* Main backgrounds from di-jets events * V — gq tagger based on 7,1 and
modelled with a power-law function * Main backgrounds from di-jets events
validated in MC and data control regions modelled with a power-law function
> 10° g ‘ ‘ ‘ ‘ ‘ 3 validated in MC and data control regions
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SEARCH FOR RESONANCES DECAYING IN WW, WZ, ZZ — qqqq

* Three signal regions defined based on V-tag * Six signal regions defined based on

* Main uncertainties from large R jet V-tag and 71
energy/mass scale and D, * Main uncertainties due to bkg. fit and

V-tagging efficiency for signal
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SEARCH FOR RESONANCES DECAYING IN WW, WZ, 77 — qqqq

* Data interpreted in RS Graviton
(k/Mp; = 1.0) and HVT (A) models

* 95% CL exclusions: 1380 < my < 1600 GeV
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* Data interpreted in RS Graviton
(k/Mp; = 0.5) and HVT (B) models

* 95% CL exclusions: myy, < 2000 GeV,
combined with WZ, WW — (vq7 analysis
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SEARCH FOR RESONANCES DECAYING IN WZ, WW — fvgq

* Events selected with p]T > 200 GeV, * Events selected with p]T > 30 GeV,
Emiss > 100 GeV, pV® > 200 GeV Emiss > 40(80) GeV, p'® > 200 GeV
* High-pr bosons p’, ph. > 0.4 * High-pr bosons py > 200 GeV
* V — qq tagger based on D, and 1) * V — qq tagger based on 71 and 1y
* Main backgrounds from W + jets and tt * Main backgrounds from W + jets and tt
from fits to control regions normalized in control regions
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SEARCH FOR RESONANCES DECAYING IN WZ, WW — fvgq

* Fit to my,; in signal and control regions

* Main uncertainties from bkg. shapes, large R

jet energy/mass scale
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1500 2000 2500 3000

* Background prediction shape from the

sideband and extrap. to signal region

* Main uncertainties due to background

normalization and V-tagging
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SEARCH FOR RESONANCES DECAYING IN WZ, WW — fvgq

* Data interpreted in RS Graviton
(k/Mp; = 1.0) and HVT (A) models

* 95% CL exclusions: nyy, < 1250 GeV and
mg. < 1060 GeV
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* Data interpreted in RS Graviton
(k/Mp; = 0.5) and HVT (B) models

* 95% CL exclusions: nyy, < 2000 GeV,
combined with WZ, WW — gqqq analysis
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SEARCH FOR RESONANCES DECAYING IN WZ, ZZ — 04qg

* Events selected with p[r > 200 GeV, isol.
leptons pt > 25 GeV and m14, cuts

* High-pr bosons p%‘, plr > 0.4mpy
* V — qq tagger based on D, and 1)

* Main backgrounds from V + jets estimated

with control regions and MC extrap.
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* Events sel. with p]T > 30 GeV, isol. leptons
pr > 20(40) GeV and m14 cuts

* High-pr bosons p* > 80 GeV
* V — qq tagger based on 71 and 1y

* Main backgrounds from V + jets estimated

with control regions and MC extrap.
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SEARCH FOR RESONANCES DECAYING IN WZ, ZZ — £0qq

* Fit to 1,y in signal regions * Background prediction shape from the
* Main uncertainties from large R jet sideband and extrap. to signal region
energy/mass scale and D, and Z + jets * Main uncertainties due to background
background normalization and V-tagging
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SEARCH FOR RESONANCES DECAYING IN WZ, ZZ — £4qq

* Data interpreted in RS Graviton * Data interpreted in RS Graviton
(k/Mp; = 1.0) and HVT (A) models (k/Mp; = 0.5) and HVT (B) models
* 95% CL exclusions: my < 1400 GeV * Combined with WW, WZ — (vqq (region
and m¢, < 850 GeV “II”) and with VV — g7 (region “II1”)
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SEARCH FOR RESONANCES DECAYING IN WZ, Z7Z — vigqq

* Events selected with p’T > 200 GeV,
Emiss > 250 GeV, ch. leptons veto

* V — qq tagger based on D, and 1

* Main backgrounds from V + jets, tt
estimated with fits to control regions
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* Fit to m built from EITniss and E7  in signal

*

Events/GeV

data/MC

and control regions

Main uncertainties from large R jet

energy/mass scale, D, and ET** modelling
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SEARCH FOR RESONANCES DECAYING IN WZ, Z7Z — vigqq

* Data interpreted in RS Graviton (k/Mp; = 1.0) and HVT (A) models

* 95% CL exclusions: myyr < 1600 GeV
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SUMMARY OF VV SEARCHES

* Summary of searches with 13 TeV data from ATLAS and 8 TeV data from CMS
* Data interpreted in the HVT model (using different couplings)
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CONCLUSIONS

* ATLAS and CMS released new results of searches for boosted di-bosons
resonances at 13 TeV

v ATLAS covered various final states looking at semi-leptonic (¢vqq, vqq, ££q7) and fully
hadronic VV, VH semi-leptonic decays with b-tagged jets and di-Higgs production
v CMS searches carried out with VV production decaying to ¢vg4 and fully hadronic final

states (most sensitive ones) plus of course the 8 TeV searches

* Data excesses (2-2.5 ) at ~ 2 TeV not confirmed, more data needed to fully
(dis-)prove them

* Improved limits on cross-sections for spin-1 and spin-2 resonances
production

* More data is coming soon ... stay tuned!
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