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Diboson Production

A Di-boson production: dominated byjq annihilation andsmall contribution

from loop-inducedgluon-gluoninteraction, with s, u and ,channel.
A Good testfor the electroweak sector of Standard ModéSM) with high

average energy

A Important backgroundor Higgs study and new physics search
A Sensitive forAnomalous Triple Gage Coupli(@TG§

Standard Model Total Production Cross Section Measurements  siuws: nov 2015
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Production CrosSection Estimation

The production cross section is estimated using essentially total produced event is cros
section times integrated luminosity. Firab. with corrections :

T X @_ obs kag
. . @X C X ‘Cmt
BRis branching ratio for the decay
channel of analysis.

Cis the reconstruction efficiency
relative to the fiducial region.

N Teco. Echta
Ais the efficiency of the fiducial (' = Enﬁ'ﬁu{:iﬂ % .MC‘
region to the full phase space. \I%IC‘ - e
N gen, fiducial _ _ _
A= MC Eint IS the total luminosity
o Een, total calibrated by van der Meer scans.

MC
Ny iS estimated background events from
N,psiS Observed # of candidate in  irreducible same final state background estimated

fiducial region. by MC simulatiorandnon-prompt lepton
background estimated by data driven method.

We estimate also fiducial cross section byg. w/o BR and A 3



13 TeV ATLAS event display

Event display for the ZZee +> >andidate event

electrons
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13 TeV ZZ ATLAS

%% Th n

13 TeV 3.2 fB data
Event selection

cee® 3G 3>/>8) cliannel
Small BR, but very clean signal

A p;> 20 GeV, 4 leptons, opposite chargsame

flavor pair, with fiducial cut

Observed 63 event9.62 expected background

A Onshell Z mass selection
66 GeV €, < 116 GeV

-Perform likelihood fit for event counting forch

-Statistics dominant uncertainty

Prediction (O{?))

Measured

> 180

@16:
Q
m14_
8 r
c12F
= T
W10k
8F

[s=] [ =~ (o))
TT T [T T T[T TT[T1

ATLAS i
{s=13TeV, 32" 1
+ Data -
B qG-Z2Z- 4l
[ lag—ZZ— 4l
N\ Prediction uncertaimy—:
Expected background: 0.62”% J

1

t 1

oy =167 *32(stat.)

1.0
(_sy st.) o7

200 300 400 500 600 700
Mass of four-lepton system m,, [GeV]
4
= 245 ATLAS MCFM, CT14 NLO
2 22:— === 7Z {pF)
BN 20 tﬂ$&§a§1-ﬁllﬁﬁ:‘3$:?sGev_ua.::ﬁ:-‘ — ZZieel
& 18F LHCData2012(f==8TeV)
E oCMS ZZ— Il {m_66-116 GeV) 19.6 fb"
165 LHC Data 2011 (127 TeW)
T @ATLAS ZZ- Hl{llivv) {m, 66-116 GeV) 4.6 fi”
14:_ CMS ZZ— Il {m,_60-1 20 GeV) 5.0
12—_ Tevztrnn Data[r—i 96 TeV) )
- COF ZZ— N{livv) jon-shell) 3.7 b
10E «D0 27 Ly ][m EU12IZIGE'I.|"_|BEH:‘
8E
5
4t
2
- :lr"|‘||||| ] I R T T A AR
(lumi.)pb | %274 "% "8 0 12 14
5 Vs [TeV]



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801
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13 TeV ZZ at CMS'
%% Th n  eeds kédd 2x/>4> cbhannel

Same final state, less luminosity.

13 TeV 1.34 fhdata
Event SE|eCt|0n CMS Preliminary 1.3 (13 TeV)

-Combined likelihood fit in all final state
-Statistics dominant uncertainty 4
Consistent with SM theoretical prediction

Prediction (NNLO)
]6.5tg:g pb °

Measured

A 4 high g leptons, OS SF EM_"""'H’HM""_
At least 1 lepton p> 20 GeV, Q 0 qq-2Z-47 |
other 3 leptons p> 10 GeV, with fiducial cut & - =W |
A Onshell Z mass selection u“ij 10l N
60 GeV m, < 120 GeV - ;
Totally 36 events observedith 0.1 expected 8 B
background 6:_ ]

100 200 300 400 500 600 700 800
my, [GeV]

o

o(pp — ZZ) = 16.7137 (stat) " (syst) + 0.3 (theo) + 0.8 (lum) pb.
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13 TeV WZ at CMS"~ "™

13 TeV 1.34 fBdata
Event selection

A W selection

Lepton > 20 GeV,Ess> 30 GeV

A Z selection

OS SF 2leptons, > 20 GeV, > 10 GeV
60 GeV M, < 120 GeV
A Mj > 100 GeV

KB cliannel ¢ee ee>, > &,> >)>

Decay N{:} E Background Background Total Observed
channel Datadriven Monte Carlo | expected

eee 284 +0.5 141+23 79+09 50.4+25 39
een 325+£05 13.7 + 1.9 6.3+0.3 525120 49
Hue 39.1+05 22.3+25 10.3+09 71.7£27 74
i 467+09 | 188+1.9 81+03 | 73.6+20 69
Total 146.6 £ 1.0 69.0 44 32613 2482 +47 231

Prediction (NLO)

427758 pb

Measured

Systematic dominant
Main systematic : difference of data driven fake lepton
estimation in different control region.
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Main bkgis lepton misdD with
Z+jet ttbar event.
->data driven estimation

o(pp = WZ) = 36.8 + 4.6 (stat) > (syst) & 0.6 (theo) & 1.7 (lum) pb.| 7




Events / 5 GeV

arXiv:1603.01702 submitted to JHE

8 TeV WW production at ATLAS
Event Selection: e e s> ]

A 2 opposite sign highfleptons WW signal 324Gt 10+ 280 346t 3+ 33 613 5 60
A Highgmiss (MC)
A Additional lepton veto, top veto, Expected 118Gt 30+ 150 161 9% 21 205 11+ 24
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38 TeV WW production at CMS

Event Selection: Ojet’ |eading |ept0n
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8 TeV WZ production at ATLAS

A 2 opposite charge same flavor leptons innegion

A additional lepton B> 20 GeV Total expected
A O o TIOQ w

- Observed event 2091
> [ ATLAS' ' o Daaziz 7
© 300F E=sTev.:3n' o Mk o ]
= C -zu' P 3
— ~ i+ .
5 250F -Cres A Atleast 2 jets P> 20 GeV
S 200 | E A M. > 500 GeV
w C e ] JJ e . .
150 (¢7,¢=eorp) ~50% isVZjfQCD, low statistics
100F E 95% CL upper limit on o™%____ Iy
50 + (a) 4 ' WEZji-EW £ vif -
- ] VBS only VBS +tZj
o _F pmfogini VBS phase space
= F + * | T JE Observed  0.63 0.67
5 1 ' |1' ’ Expected 0.45 0.49
N: 4 ++HT ] +1o Expected  [0.28:0.62] [0.33:0.67]

N VR~ "} T E—— +20 Expected [0.08:0.80] [0.19:0.84]
pZ[GeV]

Main systematics are fake lepton and electron

ID efficiency

SM Prediction (NLO}1.0 + 1.6 pb Ao beos

SM prediction (VBFNLO) (.13 = 0.01 fb

g (stat. ]+ (sys.) fb

ar‘;}iz 24.320.6(stat.) £0.6(sys.) £04(th.) £0.5 (lumi) pb




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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