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Results Publication

ATLAS and CMS physics results from Run 2
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Motivation for Diboson Search

Beyond Standard Model

* Many unification attempts

Hierarchy problem
* Why s gravity so much weaker?

Motivate the existence of
heavy EXOTIC resonances

Channel Models

Spin-0 Radion
WWwW Spin-1 HVT (neutral)
Spin-2 Bulk Graviton1

EXOTIC resonance
X—> Diboson Wz Spin-1 HVT T (charged)

Spin-0 Radion

2 Spin-2 Bulk Graviton 1




Samples and Preselections B

Muon channel

Background samples

in back g e HLT
W+Jets.(ma|n ackground) e Tight muon: p;>53 GeV, |n|<2.1,
* TThar+jets * Loose muon (for veto):
* Single top pr >20GeV, |n|<2.4
. WW, WZ, 7Z * Missing Er > 40 GeV (type I)
. Electron channel
Signal samples e
* Bulkgraviton, W’ + Tight electron: HEEP v6.0, py > 120 GeV
Data * Loose electron (for veto): HEEP v6.0

* Missing E; >80 GeV ( type I)

Noise cleaning filters

AKS8 jets, pt > 200 GeV, Loose ID
AK4 jets (for b-veto), Loose ID
Leptonic W pT > 200 GeV

AR(ILW,,4) > 1/2
AR(V\/had; Wlep) >2
AR(W},q, Missing E;) > 2




Analysis Strategy

Background knowledge
Jet pruning algorithm

“soft”:(i) p- or p{w is small compared to the p; of their combination

(ii) the separationangle betweeniandjis large

ﬂ(i)min( pL., pJT) /p7<0.1
(i)AR;; > mOTid /p2T*9
N-subjettiness
™ = dlo ; prx X min(ARq g, ARy, ..., ARy x)

With the normalizationfactord,

do =) prx % Ro
k

RO is the cluster parameter of the origin jet
-ARn,k — \/(Aﬂn,k)z + (A(Pn,k)z

define /T = To




Analysis Strategy

“Bump” search: looking for an excess over the Mvw distributions

Jet pruning R — \1@1|3T6V
* V-boson mass window 4000 E
* 65< Myyned < 105 GeV 35001 —Wow E
* W-enriched:65-85 GeV 30000 —G-wWw E
« Z—-enriched:85-105 GeV 2500 3
Higgs signal region (105-135 GeV) kept blind 2000 -
Jet substructure 1500 E
« Discriminate against quarkand gluon1900% E
jet background S00F e
W T B NI S B e e
* N-subjettiness % 20 40 60 80 100 120 140 160 180 200
mpruned [G eV]
HP: 7,1<0.6 LP:0.6<7,;<0.75 jet

How to estimate the background contributions

* Minorbackground:taken from simulation, corrected with scale factors from
data

* Wjets: extracted from data
8 signal categories: HP/LP, WW/ WZ, el and muon



Signal Efficiency(WV in each category)
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Low signal eff|C|ency in the LP category
-> gain from the combining with HP at high
masses where expected background is low

Efficiency of spin-2 G, in WW category ~ 2X W’
Efficiency of spin-1 W’ in WZ category ~ 3X Gy




Control Plots in W+jets
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Control Plots in W+jets

muon ele
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Control Plots in TTbar

Definition: Top-enriched control sample can be naturally obtained by:
» Asking at least one b-tagged jet outside the W-jet (iCSVM)
» Not requiring back to back topology
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.~ F ' ' I i _ = T T T T T T
3 350 :_ + Data DSlngle TOP ] g 350 :_ ; Data ESlngle Top__
2 s w w : Nt - W Wijets
i 300 CMS preliminary . _ . Hets ] Z 300 CMS preliminary ) 3
§ - N EZmc stat : @ : L Emc stat ]
W o50F ey, Werime1TeV x 50 = § 250 — Wprime1TeV x 50 =
200 = 200 - e
150F 3 150 =
o PO ] - .
100 3 100 = .
A 50— =
3 ot .
£ 2r
£ - £
@ 3 @
> ] o
g ; g
E E : MC stat . : ]
| 0 0.2 0.4 0.6 08 1

40 6b 80 160 12;0 14;1-0
Jet Pruned Mass (GeV/c?) /T4



V-tagger in TTbar

Top Scale factor( TTbar + single Top vyield correction)

The top scale factors are just derived by DATA/MC in the signal region.
Cut count method: Sfi,, = Nyato/Nyc (minor background contribution negligible)

Top scale factor Muon channel Electron channel Muon+Electron channels
HP(1;, < 0.6) 0.872+0.040 0.833+0.070 0.862+0.035
LP(0.6 < 151 < 0.75) 0.787+0.110 0.661+0.200 0.756+0.097
HP(121 < 0.45) 0.847+0.049 0.865+0.084 0.850+0.042
LP(0.45 < 157 < 0.75) 0.883+0.059 0.746+0.106 0.870+0.053
CMS Preliminary, 2.2 fb"' at Vs = 13TeV
_ o %'ﬁ"""""""|:|;%r;._£,|'e'+;.;' """" ]
Mass scale and resolution 3 Moz e E
o _ ata ata fit |

W—e/u/v HP

Simultaneous fit of mu and el mJ spectrum |

Parameter Data simulation Data/Simulation
<m> 84.7+0.4 85.3+0.4 0.992+ 0.005 -
o 8.2+0.5 7.31+0.4 1.124+0.07 100[
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pruned m_ (GeV/c?)
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V-tagger in TTbar
W-tagging scale factors

e Considerthe TTbar made of ‘real’” W and ‘combinatorial’
* Background( s-top/ WW/ W+jets) are taken from MC

o Pass PDF fou=["o™ " x e X N+ fYoromch s N+ FST24 FVY_4 Y

pass pass pass pass

fail

e Simultaneous fit data and MC in PASS & FAIL to get SF

Category Definition W scale factor
Dijet channel HP (21 < 0.45) 0.69 £0.14
Dijet channel LP (045 < 1531 <0.75) 1.464+0.38
fv+V-jet channel HP (11 < 0.6) 1.03£0.13
fv+V-jetchannel LP (0.6 < 151 < 0.75)  0.88 £0.49
CMS Preliminary, 2.2 fb™ at Vs = 13TeV CMS Preliminary, 2.2 fb™ at Vs = 13TeV
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W+jets Background Estimation Yields Fi&

Dominant background is W+jets- Large contribution of ttbar as well

normalization: fit on data sideband in mJ;
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W+jets Background Estimation Shape

Mvw shape: extrapolated from data, from the sideband using

alpha function Fucsr (M1v;)
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WW category

WZ category

V+jets Mw shape in Signal Region(mu)
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Signal Modelling

Signal fits are performed with double Crystal-ball function.
muon 210" (13 TeV EIE 2.1 " (13 TeV)
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Extrapolated shape of the double Crystal Ball function for different masses for HP
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Systematic Uncertainties(1)

® Background normalization
®* W+jets normalization uncertainty —> driven by amount of data in sideband

® TTbar and Single Top normalization —> uncertainty in the scale factor derived in
top-enriched control sample

® VV normalization —> uncertaintyinthe V-tagging scale factor derived in top-enriched
control sample

Source | Wets tt | Single Top vV
Luminosity - 5% 5% 5%
Cross section - - 5% 3%
V-tagging eff. (HP/LP) - | - = | 13%/49%
W+jets normalization See Tab.6 - - -
W+jets shape See Sec. 7.1.1 - - -

5%/14% (u) | 5%/14% (u) |

tt normalization (HP /LP) - 8%/30% () | 8%/30% (e)

. ] 1% (u) 1% (u) 1% ()
Trigger 1% (e) 1% (e) 1% (e)
. L ) 1% () 1% () 1% ()
Lepton identification 3% (e) 3% (e) 3% (e)

Summary of background uncertainties
« W+jets Mwv shape

1.uncertainties in the Mwv shape in sideband driven by amount —— correlated between
of data mietPuned categories

2.uncertainties in the alpha shape driven by W-jets MC statistics — Uncorrelated between
mietPruned categories

3.uncertainties due to the choice of the function taken into
account inflating 1) and 2) by /2



Systematic Uncertainties(2)

Most important sources for signal
Jet energy scale: 3-12%

normalization:

Summary of signal uncertainties

Jet mass scale: 1-10%
Jet mass resolution: 1-5%

V-tagging efficiency scale factors

13/49% for HP/LP

Source Signal Normalization [ Mean myw Shape | Width mpyw Shape
uvHet ev+jet uvHet | eviet | uv+et ev+jet
“Muon Energy Scale 0.7% | - | 0.1% - | 0.5% -
Electron Energy Scale - 0.2% - 0.1% - 0.1%
Muon Energy Resolution 0.1% - 0.1% - 0.1% -
Electron Energy Resolution - 0.1% - 0.1% - 0.1%
Trigger 1% 1% - -
Lepton identification 1% 3% [ - -
Luminosity 5% -
b-tag selection 0.2% -
W-tagging eff. (HP/LP) 13%/49% ' - -
Jet Energy Scale See Tab. 8 1.3% | [296-3%)]
Jet Energy Resolution See Tab. 8 | 0.1% [ 3%
PDF uncertainties See Sec. 7.7 ' - -

Extrapolation uncertainties for V-tagging SF at

high pr comparing PYTHIA8 and HERWIG++

signal samples

e compare selection efficiency of each
point wrt 600 GeV (pt 200-300 GeV)

e Found 1-4% differences in signal efficiency

PDF uncertainties on signal xsec

10-40% for Bulk Graviton sign
[0.5. 3 |TeV

NNPDF30Io uncertainty (Xsec)

08
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0.7
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Combined Limits |
Use the Higgs combination tool and Asymptotic CLs method to compute the upper

limits.
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Event Display

Single Electron HP-WW
CMS,

Electron

pt = 646.88
eta = 0.320 Elect
- iectron
. phi = 0.648 pt=646.88
| eta = 0.320
C phi = 0.649

MET
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eta = 0.000
phi = 0.531
AK8 CHS Jet ] VET
o et=1259.12
W eta = -0.276 | pt=860275
P phi = -2.550 ) phi = 0.531
s
. <
N
=~ AK8 CHS Jet
et=1259.12
eta = -0.276
phi = -2.550 CMS Experiment at LHC, CERN
" Data recorded: Sat Oct 31 09:39:32 2015 CET
Run/Event: 260431 / 559973700

Lumi section: 330

CMS Experiment at LHC, CERN

mjetP"ed = 68.7 GeV
- AKS jet mass = 135.6 GeV
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Summary

Common strategy based on jet substructure methods
validated in W+jets and TTbar control samples

Evaluated V -tagger scale factor and systematics

No significant deviation from the standard model predictionis
observed in the final Mwv distributionsin any of the categories
We set 95% CL upper limits on the two production cross-section
of a narrow resonance: Bulk Graviton and W’

A spin-1 narrow W’ resonance is excluded up to a mass of
~1.8TeV

The final analysis and combinationis scheduled as a paper for
Moriond.

The data to be taken in 2016 will finally unravel what is
happening around M,,, =2 TeV, observed in many channels.



