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Run1 —> Run2
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✦ 8 TeV —> 13 TeV: increase in cross section profits various processes in different ways
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✦ Inclusive di-boson, Higgs 
production (ggF,VH): 

✤ 13TeV/8TeV ~ 2 
✤ 20 fb-1 Run1 ~ 10 fb-1 Run2

Statistics is not everything: some time (and data) is needed to reach the same level of 
detector understanding we had in Run1

✦ top physics, VBS, ttH, HH: 
✤ 13TeV/8TeV ~ 3-4 
✤ 20 fb-1 Run1 ~ 5-7 fb-1 Run2

✦ new physics state / new 
physics in tail of distributions: 

✤ 13TeV/8TeV > 10 
✤ 20 fb-1 Run1 ~  few fb-1 Run2
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Overview
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7/16 calibration

✦ Concentrating effort in: 
✤ searched for new physics: use as much luminosity as available 
✤ stat. limited measurements: repeating measurement when similar unc. is achieved 
✤ sys. limited analyses: trying to assess the impact of systematic uncertainties

✦ 2015 dataset:   3.2 fb-1 
✤ ZZ / WW inclusive cross section 

✤ HH->bb𝛾𝛾

✦ 2015+2016 (summer) dataset: ~13 fb-1 
✤ WZ analysis 
✤ VBF Higgs cross section 

✤ HH searches: bbbb, WW𝛾𝛾 

✤ direct search for di-boson resonances

✦ More results in Jan Stark’s talk later today
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ZZ @ 13TeV
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Phys. Rev. Lett. 116, 101801!

VERY first 13 TeV ATLAS EWK result 
✤ 4 leptons (electrons or muons), 2 on-shell Z bosons —>  very low Br but exceptionally pure final state

 Z candidate mass [GeV]
T,ll
pSubleading-

20 40 60 80 100 120 140 160 180

 Z
 c

an
di

da
te

 m
as

s 
[G

eV
]

T,
ll

p
Le

ad
in

g-

20

40

60

80

100

120

140

160

180

Data
 4l→ZZ

ATLAS
-1 = 13 TeV, 3.2 fbs

-0.11
+1.08Expected background: 0.62

 [GeV]4lm Mass of four-lepton system 
200 300 400 500 600 700

Ev
en

ts
 / 

20
 G

eV

0

2

4

6

8

10

12

14

16

18

Data
 4l→ZZ→qq
 4l→ZZ→gg

Prediction uncertainty

ATLAS
-1 = 13 TeV, 3.2 fbs

-0.11
+1.08Expected background: 0.62

theoryσ/dataσ
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

Measurement
Tot. uncertainty
Stat. uncertainty

 prediction2
sα

σ 1±

σ 2±

Theory: PLB 750 (2015) 407
CT10 NNLO

Combined

4µ

2 µe2

4e

ATLASFiducial
 4l→ ZZ →pp 

-1 = 13 TeV, 3.2 fbs

13% 3% 5%

NLO/NNLO

Signal composition in SR: 
✤ qq->ZZ:  93% , gg->ZZ: 7%

Run1 unc.           : 2.1%

A lot of room for improvements: but mainly need to incorporate 
more statistics

5.6%

lepton ID

3.2%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-13/
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WW @ 13TeV
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 ATLAS-CONF-2016-090!

Cut & count analysis: 
✤ leading backgrounds ttbar+single top, DY(Z->𝝉𝝉) normalised in control regions 

✤ small backgrounds W+jets (data-driven) and WZ/ZZ (from MC) checked in validation regions
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‘simplified’ version of Run1 analysis: 
✤ electron+muon only: reduce Drell-Yann background 
✤ pT>25GeV on both leptons: strongly reduce DY and W+jets 
✤ vetoing on jets ( pT>25/30 GeV for |𝜂|<2.5/4.5 ) and b-tagged jets 

( pT>20 GeV, |𝜂|<2.5 )

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-090/
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WW @ 13TeV (2)
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✦ Signal / background scaled 
to fit predictions
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✦ Signal predictions scaled 
up by 8% with respect to 
MC predictions
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Signal composition in SR: 
✤ qq->WW:  92% 
✤ gg->WW (non res.): 6% 
✤ gg->H->WW: 2%

 ATLAS-CONF-2016-090!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-090/
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WW @ 13TeV: results
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(*) different definition of stat. error

11% uncertainty on fiducial xSection Dominant systematic sources: JES and W+jets/fake

WW+0jets fid stat. (*) det. bkg. theo. lumi

8 TeV 1.5% 5.1% 3.4% 4.5% 2.0%

13 TeV 3.7% 7.5% 4.9% 4.4% 2.1%

Powheg NLO(qq,H), 
SherpaLO (ggWW) 

Cross section ratio (13 TeV / 8 TeV)
0.8 1 1.2 1.4 1.6 1.8 2 2.2

Data
stat.
stat.+syst.
nNNLO+H Prediction

i
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µi± eAWW 

 (8 TeV)-1 (13 TeV) and 20.3 fb-13.16 fb
Total cross section ratio
(13 TeV / 8 TeV)

Fiducial cross section ratio
(13 TeV / 8 TeV)

ATLAS Preliminary

NNLO (qq), NLO (gg), 
Powheg NLO(H)

Caveat: (yet) no cancellation of detector 
systematics between 8TeV and 13TeV

 ATLAS-CONF-2016-090!

6.6% unc. 

�fid
13TeV

�fid
8TeV

=Inclusive nNNLO+H:                                                 
qq->WW (NNLO), gg->WW (NLO), H->WW (N3LO)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-090/
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WZ @13TeV
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 ATLAS-CONF-2016-043!

Very clean selection (same as Run1): 
✤ 3 isolated leptons (pT>25/15/15) 
✤ 1 OSSF pair + MT cut for 3rd lepton

Main backgrounds: 
✤ fake leptons: data-driven matrix method 
✤ ZZ: MC+ 4lepton validation region

leading uncertainties from events with electrons: 
✤ electron ID,  fake background
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NLO xSection + NLO acceptance
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8 TeV 2.7% 2.4% 2.2% 4.2%

13 TeV 2.7% 5.5% 3.2% 6.9%

Excess w.r.t. NLO predictions largely mitigated when 
moving to NNLO inclusive cross section

https://cds.cern.ch/record/2206093/files/ATLAS-CONF-2016-043.pdf
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WZ @13TeV: differential
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Similar precision between Run1 and Run2: 
✤ consistent trend in data/MC 
✤ similar performance after generator changes: 

✦ Powheg V1->Powheg V2 
✦ Sherpa 1.4.5 —> Sherpa 2.1.1
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 ATLAS-CONF-2016-043!

Need multi-leg generators for Njet 
description: 
✤ jets: pT>25 GeV,  |𝜂|<4.5

https://cds.cern.ch/record/2206093/files/ATLAS-CONF-2016-043.pdf
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WZ @13TeV:  aTGC
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Dataset Coupling Expected [TeV�2] Observed [TeV�2]

13 TeV
cW /⇤2

NP [-4.1; 7.6] [-3.8; 8.6]
cB/⇤2

NP [-261; 193] [-280; 163]
cWWW /⇤2

NP [-3.6; 3.4] [-3.9; 3.7]

8 and 13 TeV
cW /⇤2

NP [-3.4; 6.9] [-3.6; 7.3]
cB/⇤2

NP [-221; 166] [-253; 136]
cWWW /⇤2

NP [-3.2; 3.0] [-3.3; 3.2]

 ATLAS-CONF-2016-043!

(As in Run1) extracting aTGC limit from 
template fit to mTWZ distribution: 
✤ effects mainly in the tails 
✤ up to 8% Powheg VS MC@NLO difference

Similar performance between Run1 and Run2 analyses: 
✤ combination performed by correlating theory sys and treating 

detector sys as uncorrelated

Up to 20% 
improvements in 
limit on aTGC 
from the 
combination

https://cds.cern.ch/record/2206093/files/ATLAS-CONF-2016-043.pdf


Dao Valerio MBI Workshop 26-08-2016

]TeV  [s
4 6 8 10 12 14

[p
b]

To
ta

l p
ro

du
ct

io
n 

cr
os

s 
se

ct
io

n 

10

210

310

tt → pp

NNLO+NNLL

tq → pp

NLO+NNLL

WW → pp

NNLO

WZ → pp

NNLO

H → pp

LO ggF)3LHC-XS (N

ZZ → pp

NNLO

tt → pp
, Eur. Phys. J. C 74:3109 (2014)-17 TeV, 4.6 fb

, Eur. Phys. J. C 74:3109 (2014)-18 TeV, 20.3 fb
, arXiv:1606.02699-113 TeV, 3.2 fb

tq → pp
, PRD 90, 112006 (2014)-17 TeV, 4.6 fb

, ATLAS-CONF-2014-007-18 TeV, 20.3 fb
, ATLAS-CONF-2015-079-113 TeV, 3.2 fb

WW → pp
, PRD 87, 112001 (2013)-17 TeV, 4.6 fb

, arXiv:1608.03086-18 TeV, 20.3 fb
, ATLAS-CONF-2016-090-113 TeV, 3.2 fb

WZ → pp
, Eur. Phys. J. C (2012) 72:2173-17 TeV, 4.6 fb

, PRD 93, 092004 (2016)-18 TeV, 20.3 fb
, arXiv:1606.04017-113 TeV, 3.2 fb

H → pp
, Eur. Phys. J. C76 (2016) 6-17 TeV, 4.5 fb

, Eur. Phys. J. C76 (2016) 6-18 TeV, 20.3 fb
, ATLAS-CONF-2016-081-113 TeV, 13.3 fb

ZZ → pp
, JHEP 03, 128 (2013)-17 TeV, 4.6 fb

, ATLAS-CONF-2013-020-18 TeV, 20.3 fb
, PRL 116, 101801 (2016)-113 TeV, 3.2 fb

  PreliminaryATLAS
Theory
Measurement
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Di-boson physics in Run2: looking ahead

ZZ analysis is still statistically 
limited: already 6 times more 
statistics already recorded and ready 
to be analysed

Fortunately(/unfortunately ) results are very consistent between Run1 and Run2: confirming agreement 
between data and MC when higher order calculation are considered 

WZ analysis starts to be limited 
by the knowledge of reducible 
background: more statistics will 
also increase the possibility of data-
driven tests

WW is limited by detector 
systematics (mainly by jet energy 
scale uncertainty and jet veto): 
increasing pT cut, more sophisticated 
background estimation techniques

working on understanding correlation to reduce the 
impact of detector uncertainties in the 13TeV/8TeV 
(following the example of 7TeV/8TeV top mass combination)
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VBF Higgs production
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ATLAS-CMS combination (1606.02266)!

Eur. Phys. J. C (2016) 76:6!

http://arxiv.org/abs/1606.02266
http://link.springer.com/article/10.1140/epjc/s10052-015-3769-y


Dao Valerio MBI Workshop 26-08-2016

VBF Higgs production
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H->𝛾𝛾 (ATLAS-CONF-2016-067)!

Standard selection for Higgs candidate + optimised categories for VBF: at least 2 jets, large ΔYjj and large mjj

H->ZZ (ATLAS-CONF-2016-079)!

m4l [118-129] GeV!

0jet! 1jet!

2 or more jets!

pT, j > 30 GeV!

Discriminant!
BDT-ZZ!

mjj<120 GeV! mjj>120 GeV!

Discriminant!
BDT-1j!

Discriminant!
BDT-2jVBF!

Discriminant!
BDT-2jVH!

!

>=1 leptons 
(pT, l > 8 GeV)!

Just counting !

BDT_ZZ:!
•  pT4l   
•  η4l!
•  KD = 

log(MEHZZ/
MEZZ)!

BDT_1jet:!
•  pT,j!
•  ηj!
•  ΔR4lj!

BDT_2jet_VH:!
•  pT,j1!
•  pT,j2!
•  ηj1!
•  Δηjj!
•  Δη4ljj!
•  mjj!
•  min(ΔRZj)!

BDT_2jet_VBF:!
•  pT,j1!
•  pT,j2!
•  pT,4ljj!
•  Δηjj!
•  Δη4ljj!
•  mjj!
•  min(ΔRZj)!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
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VBF Higgs production: results
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Total

  0.26−
 0.28+ = 1.17  
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µ

  0.20−
 0.22+ = 0.85  

Run-2
µ

  0.28−
 0.29+ = 0.59  

ggH  
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 0.80+ = 2.24  

VBF  
µ

  1.05−
 1.27+ = 0.23  

VH   
µ

  0.99−
 1.26+ = -0.25  

ttH  
µ

H->𝛾𝛾 (ATLAS-CONF-2016-067)! H->ZZ (ATLAS-CONF-2016-079)

In VBF-enhanced region: 
✤ ~ 1 VBF event, ~2ggF events: 
✤ 3.4 events expected , 9 observed

2 s.d. excess 
observed,     

1.s.d. expected

Fiducial region Measured cross section (fb) SM prediction (fb)
Baseline 43.2± 14.9 (stat.)± 4.9 (syst.) 62.8+3.4

�4.4 [N3LO + XH]
VBF-enhanced 4.0± 1.4 (stat.)± 0.7 (syst.) 2.04± 0.13 [NNLOPS + XH]
single lepton 1.5± 0.8 (stat.)± 0.2 (syst.) 0.56± 0.03 [NNLOPS + XH]

Fiducial region Measured cross section (fb) SM prediction (fb)
Baseline 43.2± 14.9 (stat.)± 4.9 (syst.) 62.8+3.4

�4.4 [N3LO + XH]
VBF-enhanced 4.0± 1.4 (stat.)± 0.7 (syst.) 2.04± 0.13 [NNLOPS + XH]
single lepton 1.5± 0.8 (stat.)± 0.2 (syst.) 0.56± 0.03 [NNLOPS + XH]

fb

Fiducial region Measured cross section (fb) SM prediction (fb)
Baseline 43.2± 14.9 (stat.)± 4.9 (syst.) 62.8+3.4

�4.4 [N3LO + XH]
VBF-enhanced 4.0± 1.4 (stat.)± 0.7 (syst.) 2.04± 0.13 [NNLOPS + XH]
single lepton 1.5± 0.8 (stat.)± 0.2 (syst.) 0.56± 0.03 [NNLOPS + XH]

also interpreted in 
terms of anomalous 

H->ZZ couplings

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
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VBF + photon
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ATLAS-CONF-2016-063!
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ATLAS  Simulation Preliminary
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Photon coming to the rescue of VBF (H->bb) analysis: 
✤ provide clean source of trigger (biggest limitation in inclusive VBF analysis) 
✤ reduces gluon-initiated background

BDT trained with di-jet and photon+jets quantities (mjj,  |∆yjj|  …)

Using Z+gamma as “calibration signal”:  0.3 ± 0.8

obs/exp σ*BR/(σ*BR)SM < 4.0/6.0 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-063/
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Di-Higgs searches
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Phys. Rev. D 92, 092004 (2015)

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092004
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Di-Higgs searches
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h

h

h
h

h

Ultimate goal is the measurement of  Higgs boson self coupling: 
✤ SM process ( 𝜎HH=33fb ) way out of reach for current analyses also due to 

negative interference with “non resonant” production 

✤ Run1 result: 𝜎HH<690 fb

X
h

h

Still many new physics models (2HDM, graviton) predict resonant and 
non resonant enhancement of di-Higgs production: 
✤ SM Higgs boson as extra handle to assess presence of new physics 
✤ sensitivity to anomalous triboson coupling: λ

hi
gh

er
 s

ta
tis

tic
s

lower background

Given the extremely 
low cross section: 
need to rely to at 
least one high 
statistic decay mode

λ
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Di-Higgs searches: 𝛾𝛾+X 
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Despite the very low Br, di-photon peak in final state is a key ingredient to boost the sensitivity

HH->𝛾𝛾bb (ATLAS-CONF-2016-004)!
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2-tag signal region
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Excellent mass 
resolution: select 

narrow window in m𝛾𝛾bb 
for every mx 
hypothesis

obs/exp σhh<3.9/5.4 pb

shape for continuous bkg

HH->𝛾𝛾WW*->𝛾𝛾lvqq (ATLAS-CONF-2016-071)!
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2 photons + 1lepton (e/µ) + 0b-jets

Cut&count 
analysis: 
same cuts 
for each 
mass points

signal extraction

(120/160 σhhSM) (770/580 σhhSM)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-071/
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Di-Higgs searches:  4b
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Largest Br, perfect for High mass searches (but triggering is a delicate issue)

(ATLAS-CONF-2016-049)!

obs σhh<0.96 pb
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Very high mass still statistically dominated 

Low mass will soon be sensitive background modelling

Resolved analysis
≥4 b-tagged jets in final state
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m4j / m2J fit for signal extraction

optimised set of requirements for best pairing

multi-jet background estimated from mjj sidebands 
in 2 b-tagged

Boosted analysis
Higgs identified as R=1.0 jet. Better efficiency at 

high pT, easier combinatorics
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Requiring R=0.2 subnets to pass b-tagging requirement: 
classify events according to the number of tagged subjects in 

the 2 pairs

(29 σhhSM)

https://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf
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Di-boson resonance searches	

(a.k.a. direct searches for new physics)
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Here V=W/Z … see Jan Stark’s talk for VH

PLB 755 (2016) 285!
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http://www.sciencedirect.com/science/article/pii/S0370269316001118
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Di-boson resonance searches
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✦ Large variety of final states: 
✤ different composition of WW/WZ/ZZ 
✤ leptonic states: lower background, easier to trigger  ….. but low Branching ratio  
✤ hadronic states: larger branching ratio …. generally larger background (not well described by MC)

J VS jj: 
✤ boosted topologies rescue the high pT 

case 
✤ well understood substructure 

techniques allow to significantly reduce 
the background
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Di-boson resonance searches: strategies
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ATLAS-CONF-2016-055 !ATLAS-CONF-2016-062!

J
for ll: jj and J 

for vv: J only

ATLAS-CONF-2016-082!
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✦ Select V boson through mass related cuts (different window for W and Z): 
✤ ll, jj —> easy   ,   lv: using MET+MT 
✤ vv: using MT (vvJ) 
✤ J: V contained in a single R=1.0 jet (using substructure to reduce bkgd)

✦ Apply extra selection for boost sensitivity: 
✤ mass dependent cut on pTV, pT balance of the bosons 
✤ VBF region for llV

✦ Extract signal from VV mass proxy: m(lvJ), m(JJ), m(lljj) ….

✦ define CRs/VRs for background normalisation (if MC) and/or 
shape check (using mV sidebands)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-062/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-082/
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Di-boson resonance searches: money plots
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Di-boson resonance searches: results
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✦ Large variety of interpretations: 
✤ high mass Higgs boson, Graviton, Z’, W’, heavy vector triplets (HVT)
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✦ … still no combination yet
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HighLuminosity LHC
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https://cds.cern.ch/record/2055248/files/LHCC-G-166.pdf
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HighLuminosity LHC
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warning: speaker’s 
personal opinion

✦ Prospects studies are a tricky business …. 
✤ usually require a lot of assumptions on performance of detector not already built 
✤ relies of some approximation: parameterisation of performance applied on truth quantities 
✤ clearly NOT suited for convoluted analyses (easy to get overoptimistic scenarios).

✦ … at the same time experimentalists usually surpass their own expectations: new algorithms, new 
techniques … etc …

✦ Concentrating on latest results based on Phase2 Upgrade 
scoping document: 

✤ more “reliable” results: more recent MC production, more stable 
detector layout 

✤ using as benchmark analyses which are currently statistically 
limited but also that are strongly dependent on detector design 
choices 

✤ critical detector design component: 𝜂 coverage of the inner 
tracker ( 2.7 —> 4.0 ) 
✦ impact acceptance/veto for charged lepton (e,mu,tau) 

reconstruction 
✦ impact capabilities of rejecting pileUp jets at large rapidity PU jet

η
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LHCC-G-166!

https://cds.cern.ch/record/2055248/files/LHCC-G-166.pdf
https://cds.cern.ch/record/2055248/files/LHCC-G-166.pdf
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HL-LHC prospects:  VBF Higgs
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✦ The golden channel H->ZZ->4l : 
✤ +20% acceptance with forward lepton reconstruction 
✤ very clean Higgs selection (m4l window), concentrate on separating 

VBF from ggF contribution 
✤ BDT variables:  
✤ PU contribution in ggf ~ 25%/50% (even with large eta tracker)

✦ Expected performance with 3 ab-1: 
✤ cut & count analysis in 3 BDT bins 
✤ 13% / 17% uncertainty on µVBF without / with theory uncertainties
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✦ A tougher case HVBF H->𝜏𝜏 ( l+𝜏  final state): 
✤ BDT to separate signal from background (S/B=0.4  in best BDT bin) 
✤ only assessing effect of PU rejection from extended tracker: up to 

factor 2 improvement in performance

✦ Expected performance with 3 ab-1: 
✤ no theory uncertainty, 10% bgk unc., 5% detector sys on signal 
✤ 75% PU rejection in the forward region 
✤ 12% uncertainty on µVBF

ATL-PHYS-PUB-2014-018!

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-018/
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HL-LHC prospects:  VBS
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✦ Using ssWW as benchmark analysis: 
✤ good compromise between available statistics and amount of background: likely the first 

VBS final state that will enter the precision realm  
✤ characteristic experimental features: 2 SS leptons + MET + 2 forward jets with high mjj 

✤ Run1 analysis strategy: cut and count with mjj>500 GeV, Δ𝜂jj>2.4 
✤ main MC bkgd (WZ/ssWW QCD) scaled by 1.6 to account for experimental backgrounds

dSubleading jet 
4< 2< 0 2 4

ev
en

ts

0

50

100

150

200

250

300

350 SimulationATLAS 
|<4.0dReference Scenario  |

 s = 14 TeV3, -1 Ldt = 3ab0
>=200µ<

jj-EW±W±W
other SM bkgs.

*aWZ/ 
jj-QCD±W±W

dSubleading jet 
4< 2< 0 2 4

ev
en

ts

0

100

200

300

400

500

600
SimulationATLAS 

|<2.7dLow Scenario  |

 s = 14 TeV3, -1 Ldt = 3ab0
>=200µ<

jj-EW±W±W
other SM bkgs.

*aWZ/ 
jj-QCD±W±W ✦ Several advantages from increasing tracker acceptance: 

✤ better signal efficiency: 10 % 
✤ factor 2 better rejection of WZ events from 3rd lepton veto 
✤ reducing events where “tagging” jets originates from PileUp: 27% —> 18%

✦ Expected performance (assuming 15% background uncertainty): 
✤ precision on ssWW fiducial xSection for 3 ab-1: 6%  
✤ 13% with Run1 acceptance

✦ Higher statistics allows application of more sophisticated methods as well 
as better precision on NP effects (old studies): 

✤ 5 𝜎 discoveries for fS0/𝛬2>4.5 TeV-2

LHCC-G-166

https://cds.cern.ch/record/1558703/files/ATL-PHYS-PUB-2013-006.pdf
https://cds.cern.ch/record/2055248/files/LHCC-G-166.pdf
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HL-LHC prospects: di-Higgs
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HH->𝜏𝜏bb (ATL-PHYS-PUB-2015-046)!
HH->𝛾𝛾bb (ATL-PHYS-PUB-2014-019)!
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✦ With 3 ab-1 @ 14TeV: 
✤ 8.4 signal events, 47 bkgd. events (S/B~20%)

✦ ==2 photons,  ≥2 b-tagged jets (70%) efficiency: 
✤ optimised kinematic cuts on dR among objets

1.3 s.d. expected 
significance

𝜎HH/𝜎SM < 3            
@ 95% C.L.𝜎HH/𝜎SM < 4.3 @ 95% C.L.

✦ Extracting also confidence interval tri-linear coupling: 
✤ -4 < λHHH/λSMHHH  < 12
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had-had + bb: 
✤ pTbb>180 GeV, mT2>180 GeV  
✤ ~13 sig. events (S/B~1.6%)

lep-lep + bb: 
✤ huge ttbar background  
✤ dRbb<1.0, pTbb>160 GeV 
✤ ~6 sig. events (S/B<<1%)

lept-had + bb: 
✤ pTbb>200 GeV, mT2>220 GeV  
✤ kinematic reconstruction to 

reduce top background 
✤ ~14 sig. events (S/B~1.5%)

no PU?!?!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-046/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-019/
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Thank you for your attention

✦ The start ……. 
✤ 13 TeV LHC Run2 is in full swing …. 
✤ first preliminary EWK result being produced: inclusive cross 

section, VBF Higgs, searches for di-Higgs and di-boson 
resonances 

✤ confirming results from Run1, no major surprised  
✤ the summer dataset allows similar performance as Run1, more 

refined and complete analyses expected by the end of the year  

STAY TUNED

✦ ….. the finish(?) 
✤ while HL HLC is still far away, intensive work is already ongoing 
✤ constantly refining our projections with more detailed and 

precise simulation   
✤ improvement in detector component proved to have a strong 

impact on analyses sensitivities (especially on VBS/VBF 
channels): better acceptance, better background rejction
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WW theoretical predictions
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Detailed explanation of the xSection ratio plot.

pp ! WW order of �tot

WW A �fid

WW!eµ

sub-process O(↵
s

) [pb] [%] [fb]

qq̄ [10,14] O(↵2

s

) 111.1± 2.8 16.20±0.13 422+12

�11

gg (non-resonant) [16] O(↵3

s

) 6.82+0.42
�0.55 28.1+2.7

�2.3 44.9±7.2
gg ! H ! WW [17][31] O(↵5

s

) tot. / O(↵3

s

) fid. 10.45+0.61
�0.79 4.5±0.80 11.0±2.1

qq̄ + gg (non-resonant) + gg ! H nNNLO+H 128.4+3.5
�3.8 15.87+0.17

�0.14 478±17
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VBF H->ZZ @ 13 TeV
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HH->𝛾𝛾bb
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HH->bbbb: resolved
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HH->bbbb: boosted
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H->ZZ selection
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High mass H->WW/ZZ
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H->ZZ (ATLAS-CONF-2016-079)! H->WW (ATLAS-CONF-2016-074)!
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High mass H->WW/ZZ (2)
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H->ZZ (ATLAS-CONF-2016-079)!
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NWA: same width as SM Higgs boson (peak width dominated 
by detector resolution)

LWA: different assumptions on the width

H->WW (ATLAS-CONF-2016-074)!
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Prospects for Higgs couplings
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A bit out-dated studies:  ATL-PHYS-PUB-2014-016
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Prospects for VBS:
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https://cds.cern.ch/record/1558703/files/ATL-PHYS-PUB-2013-006.pdf 

https://cds.cern.ch/record/1558703/files/ATL-PHYS-PUB-2013-006.pdf
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VV resonances: RS interpretations
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VV resonances:  W’/Z’RS interpretations
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VV resonances:  Scalar
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WV->lvJ
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llqq analysis
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