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Di-boson Production
ÅDi-boson production: dominated by qq annihilation and small contribution 

from loop-induced gluon-gluoninteraction, with s, u and t ςchannel.
ÅGood testfor the electroweak sector of Standard Model (SM) with high 

average energy
Å Important background for Higgs study and new physics search 
ÅSensitive for Anomalous Triple Gage Coupling (aTGC) 

Di-Boson production

Higgs
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Production Cross-Section Estimation
The production cross section is estimated using essentially total produced event is cross-
section times integrated luminosity. Final e.q. with corrections :

A is the efficiency of the fiducial 
region to the full phase space.

Cis the reconstruction efficiency 
relative to the fiducial region.

is the total luminosity 
calibrated by van der Meer scans.

BRis branching ratio for the decay 
channel of analysis.

Nobs is observed # of candidate in 
fiducial region. 

Nbkg is estimated background events from 
irreducible same final state background estimated 
by MC simulation and non-prompt lepton 
background estimated by data driven method. 

We estimate also fiducial cross section by e.q. w/o BR and A 3



13 TeV ATLAS event display
Event display for the ZZ-> ee+ ˃ c˃andidate event  

electronsmuons
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13 TeV ZZ ATLAS
ArXiv:1512.05314

½½ Ҧ п ƭŜǇǘƻƴǎ όeeee, ee˃ ,˃ ˃ ˃˃˃) channel

Small BR, but very clean signal

13 TeV 3.2 fb-1 data

Event selection
Å pT > 20 GeV, 4 leptons, opposite charge ςsame 

flavor pair, with fiducial cut
Observed 63 events, 0.62 expected background
Å On-shell Z mass selection  

66 GeV < mll < 116 GeV

-Perform likelihood fit for event counting for 3 ch
-Statistics dominant uncertainty

Measured 

=

Phys. Rev. Lett. 116, 101801 (2016)
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Prediction (O(hs
2)) 

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801


13 TeV ZZ at CMS
½½ Ҧ п ƭŜǇǘƻƴǎ όeeee, ee˃ ,˃ ˃ ˃˃˃) channel

Same final state, less luminosity.

13 TeV 1.34 fb-1 data
Event selection
Å 4 high pT leptons, OS SF
At least 1 lepton pT > 20 GeV, 

other 3 leptons pT > 10 GeV, with fiducial cut
Å On-shell Z mass selection  

60 GeV < mll < 120 GeV

-Combined likelihood fit in all final state
-Statistics dominant uncertainty

Measured 

Prediction (NNLO)  

Totally 36 events observed with 0.1 expected 
background 

Consistent with SM theoretical prediction

CMS-PAS-SMP-15-005
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13 TeV WZ at CMS

Measured 

Prediction (NLO) 

²½ Ҧ ƭl˄l channel (eee, ee˃ , ˃ e˃, ˃ ˃˃)

CMS-PAS-SMP-15-006

13 TeV 1.34 fb-1 data
Event selection
ÅW selection
Lepton > 20 GeV, ET

miss> 30 GeV
ÅZ selection
OS SF 2leptons, > 20 GeV, > 10 GeV

60 GeV < mll < 120 GeV
ÅM3l > 100 GeV

Main bkgis lepton miss-ID with 
Z+jet, ttbar event. 
-> data driven estimation 

Systematic dominant 
Main systematic : difference of data driven fake lepton 
estimation in different control region. 

7



8 TeV WW production at ATLAS
Event Selection: 
Å 2 opposite sign high pT leptons
Å High Et

miss

Å Additional lepton veto, top veto, 
Jet veto, Z veto, etc

Systematic dominant from modeling of signal efficiency (Jets)

fb-1 ů(pp ŸW+W- ) [pb]                                     SM (NNLO)

ATLAS 20.3 χρȢρ ρȢρίὸὥὸȢ
Ȣ ίώίὸρȢτÌÕÍÉ φσȢς Ȣ

Ȣ ὛὧὥὰὩρȢτὖὈὊ

arXiv:1603.01702 submitted to JHEP
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e˃ ee ˃˃

WW signal
(MC)

3240± 10± 280 346± 3± 33 613± 5± 60

Expected 
BKG

1180± 30± 150 161± 9± 21 205± 11± 24

Observed 
event

5067 594 975

Consistent within 1.4 standard deviations



8 TeV WW production at CMS
Event Selection: 
Å 2 opposite sign high pT leptons
Å High Et

miss

Å 0 or 1 jet bin
Å Additional lepton veto, top veto, Z veto etc

Systematic dominant from modeling of signal efficiency (Jets)

fb-1 ů(pp ŸW+W- ) [pb]                                     SM (NNLO)

CMS 19.4 φπȢρ πȢωίὸὥὸ3.2 (exp) σȢρὸὬὩέρȢφὰόάὭ υωȢψ Ȣ
Ȣ
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0jet, leading lepton

arXiv:1507.03268  submitted to EPJC



8 TeV WZ production at ATLAS

Main systematics are fake lepton and electron 
ID efficiency

SM Prediction (NLO)

Å 2 opposite charge same flavor leptons in mZ region
Å additional lepton  PT> 20 GeV 

ÅὉ σπὋὩὠ
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Totalexpected 1824.8± 7.0

Observed event 2091

WZ VBS 

Ɑ
╥║╢╦╩▒▒╔╦

=

SM prediction (VBFNLO)

Å At least 2 jets PT > 20 GeV
Å Mjj > 500 GeV
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~50% is WZjj-QCD,  low statistics

arXiv:1603.02151  submitted to PRD



Summary table ATLAS and CMS

ATLAS     https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
CMS       https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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