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One picture to rule them all
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8 orders of 
magnitude!

Challenging analyses
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Electroweak sector

Looking everywhere

Top sector Higgs sector
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Thanks LHC

 Big thank to LHC for delivering so many pp collisions

 > 70 fb-1 so far … and more to come in 2017

 Higher pile-up scenarios → challenges for experiments
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News from ATLAS and CMS
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Inclusive 
Cross Section

Differential 
Cross Section

Anomalous 
Couplings

Ratios of 
Measurements

More ...

Strong interplay
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Inclusive Cross Section

 Many new results at 7/8/13 TeV from ATLAS and CMS

 How we usually proceed:

Inclusive cross section
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The background of your signal is my signal

 Background estimation is essential for precision measurements

 Close connection analyses and improvements in description of a final state leads to reduction of 
uncertainties on background subtraction  

 Standard model: jets, single vector boson, double vector bosons, … and Higgs

ZZ
Z

W

EWK Z

di-jet WZg

gg Higgs
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Standard Model measurementsStandard Model measurements
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Many measurements

 Many measurements of SM processes

 in agreement with expectations  
 New results in the following  
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ZZ → 4 leptons

ATLAS-CONF-2017-031 4 leptons: electrons/muons

Very clean experimental signature

 66 GeV < M
Z
 < 116 GeV → on-shell Z

 Main background from non-prompt leptons

 Analysis statistically dominated

 Different final states (4e, 2e2m, 4m) and combination

 Good agreement with SM NNLO expectation



8th June 2017 13A. Massironi (Northeastern University)

ZZ → 4 leptons

CMS-PAS-SMP-16-017  4 leptons: electrons/muons

 

H → ZZ

 Measurement 
performed at different 
center of mass 
energies
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Electroweak ZZ

CMS-PAS-SMP-16-019  4 leptons: electrons/muons

 Electroweak production including Vector Boson Scattering

 High di-jet invariant mass

 Jets and leptons variables combined into a BDT

 s/s
SM

 = 1.39+0.86
-0.65

M
jj
 > 400 GeV, |Dh

jj
| > 2.4



8th June 2017 15A. Massironi (Northeastern University)

Electroweak Z and Zg

 Electroweak Z + 2 jets: Measurement of the cross-section for 
electroweak production of di-jets in association with a Z boson in pp 
collisions at √s = 13 TeV

STDM-2015-21
arXiv:1705.01966

 Electroweak Zg + 2 jets

 Significance = 2.0s (1.8s) observed (expected)

 Z → ll and Z → vv used

ATLAS-STDM-2016-09
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Fiducial and Differential Cross Section

 Many new results at 7/8/13 TeV from ATLAS and CMS

 How we usually proceed:

Inclusive cross section

Fiducial and differential cross section

 Reduced theoretical uncertainty on experimental results

 Less model dependent results

 Allow comparison with several MC calculations

 Fiducial phase space:

Mimic kinematic 
acceptance of 
detector

 Unfolding procedure: 
usually regularized 
distribution

Bayesian, SVD 
regularization

Response matrix

ATLAS-CONF-2017-031

WW

ZZ ZZ

JHEP 09 (2016) 029
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A complete menu

 Many measurements performed by ATLAS and CMS

Single jet

Di-jet

Single Vector Boson

W

Z

 Differential ZZ → 4 leptons

Fiducial phase space

Double Vector Boson

WW

WZ

ZZ

W/Z + g

20 variables, including jet related ones
ATLAS-CONF-2017-031

Triple Vector Boson

Vector Boson 
Scattering
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Looking for deviations

 Many new results at 7/8/13 TeV from ATLAS and CMS

 How we usually proceed:

Inclusive cross section

Fiducial and differential cross section

High energy regimes for anomalous couplings

 High energy regime as a probe for new 
physics at scales not yet reachable directly

 Deviations in the tails

Q2
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 Charged Anomalous Triple Gauge Couplings: charged aTGC

 Neutral Anomalous Triple Gauge Couplings: neutral aTGC

 Anomalous Quartic Gauge Couplings: aQGC

 Vertices not allowed in SM at tree-level

 Different kinematic distributions due to changes in the couplings

Anomalous Couplings

ATLAS-CONF-2017-031
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CMS-PAS-SMP-17-004

W±W± + 2jets

 Vector Boson Scattering WW

Same sign → reduced background

High di-jet invariant mass

 Observation with 5.5 standard deviations (5.7 expected)

 Fiducial region:

p
T

Lep > 20 GeV, |hLep|<2.5

p
T

Jet >30 GeV, |hJet|<5.0, |Dh
jj
|>2.5, M

jj
 > 500 GeV

 Sensitive to anomalous quartic gauge coupling
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Improving the precision

 Many new results at 7/8/13 TeV from ATLAS and CMS

 How we usually proceed:

Inclusive cross section

Fiducial and differential cross section

High energy regimes for anomalous couplings

If limited by systematics,  ratio measurements to reduce systematic uncertainties

SMP-14-005 JHEP08(2016)045
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tt / Z

JHEP02(2017)117

 Measuring ratios of experimental observables some 
systematic uncertainties cancel out

e.g. luminosity uncertainty

 Ratios also with respect to different center of mass 
energies results
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More ...

 Use LHC based results to constraint knowledge on proton 
PDF, measurement of strong coupling constant a

S

 Measurement of the triple-differential di-jet cross section

CMS-PAS-SMP-16-011

p
T
, Dy, boost (y

b
)

Different phase spaces probed → sensitive to 
different PDF components

 Important to reduce systematic uncertainty in 
precision measurements and searches
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STDM-2012-20

Precision measurement W+, W− and Z/γ∗

 From precision measurement of single vector boson 
production → proton PDF, measurement of strange quark 
density, measurement of CKM matrix elements |V

cs
|

 Inclusive cross section

 Differential cross section

 ratios between different 
final states

 comparison with different 
PDF sets, precision 
measurements

 ...
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STDM-2014-18

Precision measurements: W mass

 Precision measurement at LHC

W-mass

M
W 

= 80370 ± 7 (stat.) ± 11 (exp. syst.) ± 14 (mod. Syst.) MeV 

= 80370 ± 19 MeV

Extensive work to keep experimental and theoretical 
uncertainties as small as possible

 W→ mv

 W→ ev
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Higgs measurementsHiggs measurements
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The Higgs

 Similar path as SM measurements

 Lower signal / background ratio

More challenging!

 New particle at LHC:

Full spectrum diagnosis of the new boson

Check of different production mechanisms

Check of different decays

Check for anomalous couplings and deviations vs theory

ggH  48.58 pb

qqH   3.78 pb

WH+ZH   2.26 pb

ttH+bbH    1.0  pb

m
H
 = 125 GeV
13 TeV
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H → ZZ / gg

 “golden channels”

Inclusive cross sections

Fiducial and differential measurements

Higgs mass measurement

Anomalous couplings

CMS-HIG-16-041
CMS-HIG-17-011 CMS-HIG-16-040

CMS-HIG-17-015ATLAS-CONF-2017-032
ATLAS-CONF-2016-067ATLAS-CONF-2016-079
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 Low BR but clean signature → full 

kinematic of Higgs decay reconstructed

 Very high signal/background ratio

 Differential measurements, Higgs 

couplings, mass measurement, ...

H → ZZ

m
H
 125.26 ± 0.20 (stat.)  ± 0.08 (syst.)  CMS ZZ @ 13 TeV       

 m
H
 = 125.09 ± 0.21 (stat.) ± 0.11 (syst.) ATLAS + CMS @ 7+8 TeV

CMS-HIG-16-041
CMS-HIG-17-011

ATLAS-CONF-2017-032
ATLAS-CONF-2016-079
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 Low BR ~ 0.2% but clean 

signature

 Differential measurements and 

different production mechanisms

H → gg

CMS-HIG-16-040

CMS-HIG-17-015

ATLAS-CONF-2016-067
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2 is better than 1: di-Higgs searches

 Rarer processes being investigated: s
HH

 =33 fb (s
ggH

 = 49 pb) at √s = 13 TeV

Destructive interference between diagrams

 Cross section enhanced by BSM:

Non-resonant: anomalous couplings

Resonant: e.g. 2HDM or Randall-Sundrum 
gravitons

 Different final states considered

ATLAS

CMS

B
ra

nc
hi

ng
 r

at
io
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Di-Higgs searches

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

 No X → HH resonances found (so far)

 Sensitive to new physics → so far no deviations with 
respect to SM observed

 SM HH limits set

 Limits on anomalous couplings

ATLAS-CONF-2016-049
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Rare is good: ttH

 ttH: s
ttH

 = 0.5 pb  (s
ggH

 = 49 pb)

 Multileptons final state (H → WW, ZZ, tt), H → tt, H → bb, H→ gg

Increased purity

Increased cross section

Systematically
limited

Statistically
limited
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ttH → different final states

HIG-17-004

HIG-17-003

ATLAS-CONF-2016-058 Multivariate analysis 
techniques used

 More data needed to reach 
5s discovery

ATLAS-CONF-2016-068
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Even rarer: tHq and anomalous couplings

HIG-17-005

 Strong interference in SM scenario

s
tHq

  = 0.07 pb

 With k
t
/k

V
 != 1 = SM, 14x larger tHq 

production

 Most SM measurements are sensitive to 
|k

t
| → here we probe the sign too 
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Simplified Template Cross Section
 Reduce main theoretical uncertainties in the Simplified Template Cross Section (STXS), 

arXiv:1610.07922

Common phase spaces defined by ATLAS, CMS and Theorists

Possible re-interpretation of experimental results given new theoretical predictions

CMS-HIG-16-040

ATLAS-CONF-2016-067
ATLAS-CONF-2016-081
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Conclusions

 LHC results from ATLAS and CMS

So far mostly compatible with SM predictions

Precision measurement era started 

 More data needed to reduce statistical and systematic uncertainty

 2016 results still coming + 2017 data taking just started

 Lepton Flavour Violation in Higgs-land → be patient and wait 30 minutes for Higgs flavor specific 
decays at ATLAS and CMS by Colin Jessop
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 CMS

 http://cms-results.web.cern.ch/cms-results/public-results/publications/ 

 http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG/index.html

 http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG/index.html 

 http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html

 http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP/index.html

 ATLAS

 https://twiki.cern.ch/twiki/bin/view/AtlasPublic

 https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Winter201713TeV

 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/ 

 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/

 https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

 https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

ReferencesReferences
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Winter201713TeV
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
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CMSCMS
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ATLASATLAS
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H → gg

 Higgs → gg

 Low BR ~ 0.2% but clean signature

 Differential measurements

ATLAS-CONF-2016-067CMS-PAS-HIG-17-015
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Neutral anomalous triple gauge couplings
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Neutral anomalous triple gauge couplings
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Charged anomalous triple gauge couplings
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Anomalous quartic gauge couplings
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Big summary table
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Big summary table (cont)



8th June 2017 49A. Massironi (Northeastern University)

Di-Higgs searches

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

 Spin 0 limit: X → HH
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Di-Higgs searches: WWgg

 HH → WW gg

WW → lvjj

Events in signal region

0 lepton control region → sideband for signal 
region (>= 1 lepton)

ATLAS-CONF-2016-071
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 Different production mechanisms

H → ZZ

CMS-HIG-16-041
CMS-HIG-17-011

ATLAS-CONF-2017-032
ATLAS-CONF-2016-079
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H → mm

 Very rare final state: BR H→mm = 2.18 x 10-4

 Observed (expected) upper limit is 2.8 (2.9) times the 

Standard Model prediction

ATLAS-CONF-2017-014
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