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Standard Model Production Cross Section Measurements
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VBF/VBS: Motivation .
GV': F_/)j::— —._::_ Th. uncert.
« VBF Higgs established at >50 it ===
ATLAS-CONF-2015-044 o
CMS-PAS-HIG-15-002 S
BR”/BHZi _—
 VBF/VBS SM processes BRTBRZ| =
BR"*/BR% =1

1. Rare&Novel processes to be discovered

2. Clean environment with less QCD activity,
VBFJets property measurement;

3. VV scattering sensitive to UV completeness

4. High Tail enhancements:
to probe anomalous Triple (Quartic) Gauge Couplings

aQGCs WWWW/\WWyyIWWZylZZZyIZZyylZyyy

Dimension 6 LEP style ag, af’; Whizard Parametrization a,, as
or Dimension 8 operators Lggsy, Lpmo-7, Lto-9




VBF/VBS:

. . tagging jet
characteristics
« Two VBF Tagged Jets:
Large M;; and |Anj
. tagging jet
More quark-like
- Lower central hadronic activity: TRrS | CMS Experiment at LHG, CERN
More balanced between oo soiT0n | Tesasig 4 2012 OEST
VBF and Central systems , AT s —
L - i
Pr s L 5] o s A0 = o =
Py |+ [Py +}pT + |Pr = Ca :
Rphed — DT+ P12 + P i =
T |ij1| + |ij2| + |przl Dijet
. l (.v + 'I ) 7 ash Viﬂ=-». 7‘ S
Yy =)z 2 -1 iz Zeppenfeld Variable T‘ I J ;‘]1””‘ i;ii:‘r;-i:mn

lywy — (yj1 +yj2)/2.0]
CMS VBF Z+2jets

|[Apwy,dijet | M;;=2.4TeV, |An;;|=6.83



Theoretical Inputs

 Diagrams other than VBF/VBS-like (notin VBF Higgs case)

Suppressed in VBF selection region
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« K Factors: MCFM/POWHEG/VBFNLO, usually flat and near unity in VBF region
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* Interference:
Between EWK and QCD, modelled by MadGraph or Sherpa,;
Included inside nominal result or for systematics
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Zjj ATLAS, 8TeV

simulated by Sherpa with
CKKW matching; Xsec from POWHEG NLO
effects as systematic,

studied with Sherpa, ~6%.

Object selections:

» two electron/muon

+ two high-p; forward jets
Kinematic selections:

+ 81 <m;< 101 GeV

* py'> 20 GeV

. praIance <0.15

+ N9 =0

jet

« m;> 250 GeV

Xsec Measured for both inclusive
and VBF Zjj, in various regions
Data-Driven Bkg estimation verified with
POWHEG/Sherpa particle-level ratio, and
checked with various control regions
Source ANgw ACgw
Electrons  Muons | Electrons — Muons
Lepton systematics — — +3.2 % +2.5%
Control region statistics +89% £11.2% — —
JES +5.6 % 2%
JER £04 % 0.8 %
Pileup jet modelling +0.3 % +0.3 %
JVF +1.1% %
Signal modelling 189 % %
Background modelling +75 % —
Signal/background interference +6.2 % —
PDF e % +0.1 %

Scales, Matching, MPI variations

JHEPO04(2014)031;

(left) Control region - Bkg Reweighting
(right) Signal extracted from Mijj fit
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opw (mj; > 1TeV) =10.7+ 0.9 (stat) £ 1.9 (syst) £ 0.3 (lumi) fb,

POWHEG NLO
9.38 & 0.05 (stat) T2 (scale) £ 0.24 (PDF) + 0.09 (model) fb

Event number in the search region
- Set limit on aTGC

q 7

aTGC A =6TeV (obs) A=6TeV (exp) A =o0 (obs) A=oc (exp)
Agrz  [-0.65,0.33] [—0.58,0.27]  [~0.50, 0.26] [—0.45. 0.22]
Az [—0.22, 0.19] [—0.19, 0.16]  [-0.15,0.13] [-0.14. 0.11]




Zjj

(Data-BG)

CMS, 7&8 TeV

JHEP10(2013)062; EPJC75(2015)66

0.3 -02 041 0 0.1 0.2 0.3 0.4
BDT output

Nominal
Analysis A B C
EWK Zjj simulated by MG at LO, QCD Zjets
. annels ee, [LLL ILiL ee, Lt
from MG MLM matching binned in M;
For MC-based QCD ZJJ, MCFM/(MG LO) p—— oo
0 % . . . election PTiyjx = 50, 30Ge
effect <10% for |y*|<1.2; w/o reweighting to Rp < 0.14 o = S0GeY
e\_/a|Uate Syst. _ o Iy < 1.2 lyz| < 1.4442
Signal extracted with MVA or Mjj fit with CLs Mj > 200GeV Mj > 450 GeV
method, in both signal and control regions Jots PE 1PT PE
M;; . . .
Diff w/o Interference as syst. PTi,» PTis . .
g-g discriminator (~5% gain to reduce My » iz .
; . lpmy T |
uncertainty) Are(if) = G .
19.7 o (8 TeV) Anjj .
10°F e | moads . smatogin v bt oaa 4 04 ] . . .
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L . - W EWZj 1 Adjj . .
o . mnt v :
i - vy vz . .
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E iz [ ]
I Pz . .
10§ Rpgﬂrd °
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1k
<DY Zjj model MC-based ~MC-based From data
|
o4
£ | i = 0.84 £ 0,07 (stat)  0.19 (syst) = 0.84 £ 0.20 (total), |
2 9



ATLAS, 8TeV JHEP04(2014)031; JHEP10(2013)062; EPJC75(2015)66
CMS, T7&8 TeV

Zjj VBF Pattern
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. CMS-PAS-SMP-13-012
Wjj CMS, 8TeV

® EWK Wj] simulated by MG at LO, QCD §1m§"c'|(.|§"' T ""Sgif‘b:'{?r?\'{f g14005‘5,‘,1'3"""""""""‘""ggf;q{'{w?\":]
. . B F Prelimina Wl = B F Prelimina W I
Wijets from MG MLM matching § o CAER I e
1000 P wasets 1000~ Ea""%?gm -
® DATA-driven QCD Wijets normalization 3 | E o E
from BDT control region i3 ER . E
400 — 400 = -
2003— —: ZDDE— -
® Signal extracted from unbinned maximum Lot | g
likelihood fit to Mijj i T AR | e i
o Floatlng QCD WJ ets Shape 03 D2 D1 0 o1 uzBDTOI-Z:;iscﬁ?fﬁnat ;r_s 03 02 01 0 o1 D-QBDTOSiscrimnators
1.0
F = ag-+arlog(m;;/8000)
ji
18,3 107" (& TeW) . .
. ~ BB I EE I R R B (B T
® Diff w/o Interference as syst. 2 10°ES " mckweres 3 B 10°Fos SARSARARIGE
(U muan channel W=l + Jets 3 Q em“fﬁam Wty = Jete ]
S -TDE i 1 g Il Top
— q0° Wl 2y =0T + Jets - 107 Qcp =
; Il Dibosons 3 ‘; =Z.f“;-—>l'l +Jets 3
o — Dibosons
Event category Measured cross section 5 = 02 + data
Hjj 0.43 & 0.04 (stat.) == 0.10 (syst.) £ 0.01 (lumi.) pb 3 10° o !
ejj 0.41 £ 0.04 (stat.) = 0.09 (syst.) = 0.01 (lumi.) pb
combined yjj and ejj 0.42 £ 0.04 (stat.) = 0.09 (syst.) £ 0.01 (lumi.) pb 10 10

1000 1500 2000 2500 3000 10001500 2000 2500, 3000

m; (GeV) m; (GeV)
in agreement with the SM prediction of 0.50 & 0.02(Scale) + 0.02(PDF) pb

With pi°'> 60 GeV pi®*>50GeV |n/¢f|<4.7 m,; >1TeV 1



w* wjj ATLAS, 8TeV
30 LB B e

Events

® Event Selection: 25
2 SS leptons with p>25 GeV

b-veto, m>20 GeV 20
3'd |epton veto: pT>7/6 GeV 15
|m,-m |> 10 GeV, E{™ss> 40 GeV

m;; > 500GeV, (inclusive) 10
mj; > 500GeV +|A1]"|>24 (VBS) 5

® Signal simulated by Sherpa with CKKW matching;
Xsec from POWHEG NLO

® Background:
Dominated by WZ /y* and y conversions

® Measured significance and cross section:

EWK+QCD ¢/ =2.1 + 0.5(stat) + 0.3(syst) fb.
gtheo =152 +0.11 b
1.00 (EWK)+0.35(QCD)+Intf

EWK(+intf) of =1.3 £ 0.4(stat) + 0.2(syst) fb

atheo = 0.95 + 0.06 fb e 04 o5 cL

0.88 +0.05 fb wo intf
QCD=0.098fb

PRL 113 (2014) 141803

ATLAS * Data 2012
20.3fb™, s = 8 TeV BZX Sy% Uncertainty
W= -u Electroweak
m; > 500 GeV I WHWHj Strong
. BN Prompt
e Conversions

B Other non-prompt

. : An())
A N | |
0 1 2 3 4 5 6 7 8 9
I/_WJ_J_I
4.5(3.4)o0 for EWK+QCD
3.6(2.8)o0 for EWK
N U aias
0-6:— 20.3 Ib'l, \f'?": 8 TeV
0-4;_ E?m_.;lx uvr:riteijrization
0.2
of

0.2~ confidence intervals
C . 68% CL

-0.6F — expected 95% CL

% Siandard Model

04 03 02 01 0 01 02 03 04

45



CMS, 8TeV

PRL 114 (2015) 051801

CMS 19.4 tb™ (8 TeV)
1 1 1 1 1 1 1 1 | 1 1 1 1
. I - Dat
® Event selection: ! W
Two same-sign lepton with P:>20 GeV ol B Other Bkgs.
31d |epton veto: pT>10 GeV I mwr F
. o
M,>50 GeV |m;-m; [> 15 GeV, E{™ss> 40 GeV 2
mjj>500 GeV, |An;;|>2.5 (VBS topology) 2
L ]
G %\ \ \* .
® Background: !
Largest background from non-prompt leptons I SANSS |
. . . AR
(including y conversion) : . ]
0 | | [ I
) ) 500 1000 1500 2000
® Signal simulated by MadGraph at LO; m; (GeV)
Xsec from VBFNLO 2.0(3.1) o for EWK+QCD
Interference included in Signal 1.9(2.9) o for EWK
[ I\/Ieasgred c_roqs4s sectllo]n: s oaw Ty o cwS 10415 8 TeV)
ofid- =4.0%5 (stat) | (syst) fb 10 Pa— [
h o o —— SMF,,/A*=0.0 TeV* —~ Expected 95% CL
o.t e.-58.12%t% | AGGCF, /A" = 50 TV ~ - g::lservedQSA,CL
The cross section is extracted for a fiducial signal region. T AQGCF,, /AT =450 TeV 200
The fiducial region is defined by requiring two same-sign S —
leptons with p¢ > 10 GeV and |i,| < 2.5, two jets with 3 i J
pr? >20GeV and || < 5.0, mj; > 300 GeV, and 2 gL & oF
Anj;l > 2.5 and is less stringent than the event selection §
® Use m, to set limits on aQGCs ‘ o
Also put limits on a H** model. ¢ 13
TR w0 s MO0 e e 200

FS,O



® QCD Wyjj: MC Shape + DD Normalization
® Jet/Electron Fake Photon: Ratio/Templat
® Jet fake Electron: MET Template

CMS, 8TeV

(a) Bremsstrahlung

CMS-PAS-SMP-14-011

(b) With TGC

Single lepton trigger

Lepton, photon ID and isolation
Second lepton veto

Muon (electron) pr> 25(30) GeV, || < 2.1(2.4)

Photon p7 > 22 GeV, |57 < 1.44
W transverse mass > 30 GeV
Ht > 35 GeV

(c) With

W+

QGC

|M,, — Mz| > 10 GeV (electron channel)®  Signal Extracted from binned Mjj fit

P> 40, pff > 30 Gev

It < 47, || < 47

B quark jet veto for tag jets

Dijet pair invariant mass M;; > 200 Ge
ARjj, AR”, AR]‘], ARW > 0.5

|A4)j],BT| > 04/ |A¢]2,HT| > 04

CMS Preliminary muytjets
T L e L S

19.7 7' (8 Tev)
LA A

10°

Events / bin

10

® Dominate Systematics:
JES & JER
Jet Fake Photon
QCD Wyjj prediction

- Data
W QCD Wy + Jets
I Fake photon

Il Zy and dibosons
mTop
m EWK Wy+2Jets
P U?certainty Band

o |ywy — (yj1 +yj2)/2.0] < 0.6, :
o [Apwodijet| > 2.6,

o M;; > 700 GeV, Sl Sr—

e [Ay(j1,]2)] >24. .

[tems EWK measurement EWK+QCD measurement
5 178207 099021
EWK fraction (search region) 100% 27.1%
EWK fraction (fiducial region) 100%, 95.8%
——DQhserved (Expected) significance 2.67(1.52) & 209(7. 49 2 ==

Theory cross section (fb)
Measured cross section (fb)

6.1 £ 1.2 (scale) £+ 0.2 (PDF)
10.8 £+ 4.1 (stat.) & 3.4 (syst.) = 0.3 (lumi.)

23.5 + 6.6 (scale) £ 0.8 (PDF)
23.2 £ 4.3 (stat.) £ 1.7 (syst.) £ 0.6 (lumi.)

lywqy — (yj1 +yj2)/2.0] < 1.2,
A (j1,]2)] > 2.4,
pl > 200 GeV

2500
M, (GeV)

14



oy CMS-PAS-SMP-14-018

Zvjj CMS, 8TeV d . o -, .,
%a , w ‘= fﬂ; a w 2/3:17'"'3 W2, 7 j

QCD Zyjj: MC Shape + DD Normalization " e S R w

o
. J et/EI eCtrO n Fake Ph Oto n ’ (a) Bremsstrahlung ¢ ! (b) Multiperipheral ¢ ‘ (c) VBF with TGC ? : (d) VBF with QGC
. Jet fake EIeCtron: MET Tem plate 19.7 b (8TeV) mu channel 19.7 fb™" (8TeV) el channel
® Signal Extracted from binned 3 T 2 T T
M" .I: 4 V O ggﬁminary Wz - s O grr:ﬁminary 2y - e 7
JJ It [ 00'800], [800' ] Ge § 102 E:::ePhulon . § 12 E::pkepnumn i
= Syﬂerr;;?jn‘gcenai E © [ Ew‘fafw:;iﬁ:'lienam E
Two Opposite Sign Leptons with PT>20GeV @ 3 - i o "]
Photon PT>25GeV § il § ]
Two Jets with PT>30GeV w10 ERL 3
70GeV<mll<110GeV ] ]
Arjj >1.6, M;; > 400 GeV,
A(PZ’}’Jf =2.0, 1 1
— Ay /20| <1.2 200 400 600 800 1000 1200 200 400 600 800 1000 1200
lyzy — (Y +yj2) /20| < M, (GeV) M, (GeV)
3.02.1)c First Evidence!
fiducial cross section of EWK M}-J,- > 800 GeV: 43/45 ¢ expected/observed
1.861%?2(smf.)fgé;(sys.) =+ 0.05(lumi.) EWK and QCD Zy+two jets

ADGRAPH 1.26 + 0.11(scale) + 0.05(PDF) fb 1.00 = 0.43(stat.) £ 0.26(syst.) £ 0.03(lumi.) fb,

MADGRAPH: 0.78 + 0.09(scale) = 0.02(PDF) fb

1971 (8 Tev) N
7 10 19.7 b " (8 TeV)
B L o S o B e L AR
- CMS = Full CLs Observed = =
6 Pr li ry rFulreLsexpeced {é
w

- Full CLs Expected * 10
l:l Full CLs Expected + 2¢

CLs upper limit on cross section

w

9
8
7
6
5
4
3
2
1

400 450 500
M (GeV)
Zy

o

=z
m
2
2
3
ES
o
g
3
g
E
H
4



Ac"™/A my [fb/GeV]

Ratio to Sherpa

1072

1072

ATLAS, 8TeV

PRD93, 092004 (2016)

Variable Total Fiducial and aTGC VBS aQGC
Lepton |7 <25 <25 <25
pt of €5, pp of £y [GeV] > 15, > 20 > 15, = 20 > 15, = 20
myz range [GeV] 66-116 my —miPY < 10 my —mbPS| < 10 myz —mEPS| < 10
my [GeV] > 30 > 30 > 30
AR(£5.65). AR(C;.Cy) > 02, > 0.3 > 0.2, >03 >0.2,>03
pr two leading jets [GeV] > 30 > 30
17;| two leading jets <4.5 <45
Jet multiplicity >2
m;; [GeV] > 500
AR(j.7) > 0.3 > (.3
Ap(W. Z) e > 2
2 |pf] 1GeV] > 250

- ATLAS ® Data 2012 .

T (s=8TeV, 2031 __ Sherpa 10 Selection VBS aQGC

Ca e Sherpa WZjj-EW Data 45 9

----- Powheg i

g-"'-'-'-'-'-:mwm _____ MC@NLO ] Total expected 372+ 1.1 49+0.3

E W*Z - v 1 @ WZjj-EW 7.44+0.2 1.1 £0.1

L hpenn 1 5 WZjj-QCD 20.84+0.8 28+0.3

| l 1 N “:2 17 3.0+ 0.1 0.3+0.0

= I ! | Misid. leptons 25406 0.1 £0.1

Coveneey ! y Z_Z 1.9£0.3 0.2 =0.1

B PP = 10 tH+V 1.6 +£0.1 0.3+ 0.0

95% CL upper
limit is 0.63fb
- ey (WZJ-EW )= 0297914 (stat)*9:99(syst) fb
0200 400 600 800 1000 oo \S/%ﬂFtﬁ(fg?tatlon 0.13 £ 0.01 fb from 16

m; [GeV]



ATLAS, 8TeV

PRD93, 092004 (2016)

——
® Data2012

® Data 2012 T

- j ' j j - - j j ' j I j j j j
i ATLAS _1 [ WZj-aCD 1 | ATLAS . CIW'Zj-CD
2o F=sToV.203w! () gt ] -8 Tl 2087 (b) i s |
EEF - 77 7 20 [RRRTEES PEPPr | ¥4 | . .
2 (¢, £=eory) e 1 > =i | Mesured fiducial xsec
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aQGC limit on fM parameters

April 2016 CMS —

ATLAS - Channel Limits JLat Vs
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aQGC limit on fT parameters

April 2016

ATLAS - Channel Limits JLdt Vs
o /A B Wryy [-3.8e+01, 3.8e+01] 19.4fb"' 8TeV
: Zyy [-1.6e+01, 1.9e+01] 20.3fb' 8TeV
beeneemeemeenceneees Wyy [-1.6e+01, 1.6e+01] 20.3fb" 8 TeV
proseesasesmsasn s WVy [-2.5e+01,2.4e+01] 19.3fb" 8TeV
— Zy [-3.8e+00, 3.4e+00] 19.7fb"' 8TeV
—— Wy [-5.4e+00, 5.6e+00] 19.7fb"' 8TeV
F---l ss WW [-4.2e+00, 4.6e+00] 19.4fb' 8TeV
fr, /A® roresrararrna e I Wyy [-4.6e+01, 4.7e+01] 19.4fb' 8TeV
— Zy [-4.4e+00, 4.4e+00] 19.7fb"' 8TeV
— Wy [-3.7e+00, 4.0e+00] 19.7fb"' 8TeV
-1 ss WW [2.1e+00, 2.4e+00] 19.4fb"' 8TeV
fr o /A® —A Zy [-9.9e+00, 9.0e+00] 19.7fb" 8 TeV
——— Wy [-1.1e+01, 1.2e+01] 19.7fb' 8 TeV
F-—--l ss WW [-5.9e+00, 7.1e+00] 19.4fb" 8 TeV
£ o /A* — Zyy [-9.3e+00, 9.1e+00] 20.3fb" 8 TeV
— Wy [-3.8e+00, 3.8e+00] 19.7fb"' 8TeV
frq /A — Wy [-2.8e+00, 3.0e+00] 19.7fb"' 8 TeV
N —— 1 Wy [-7.3e+00, 7.7e+00] 19.7fb"' 8 TeV
fr o /A® H Zy [-1.8e+00, 1.8e+00] 19.7fb' 8 TeV
frq /A* — Zyy [-7.4e+00, 7.4e+00] 20.3fb' 8TeV
| |_|| | Zy [-4.0|e+00, 4.0e+00] 1?.7 fo! 8 TeV
| | | | | | | | | | | | | | | |
-50 0 50 100 150

aQGC Limits @95% C.L. [TeV™]



Run2 and future
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e Extensive Studies on VBF/VBS from LHC Runl
« VBF ZJJ has been established at 50!
« With limited statistics, VBF topology has been studied

* Rich results for VBS, evidence for SS WW and VBS Zyjj

« Stringent limits on aQGC from the LHC

« With O(100fb-1) data of Run2, a new era of VBF/VBS is coming:
SM as discovery and for discovery

Thank you!
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ATLAS Zjj, 8TeV
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Figure 12. (a) Background reweighting functions obtained for different choices of control region.
(b) The agreement between data and simulation in the 25 < pr < 38 GeV subregion both before
and after applying a background reweighting function derived in the pr > 38 GeV subregion.
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Probability distribution function

Ratio

CMS Zjj, 8TeV

Table 5 Fitted signal strengths in the different analyses and channels including the statistical and systematic uncertainties. For method C, only
events with Mj; > 450 GeV are used. The breakup of the systematic components of the uncertainty is given in detail in the listings

Analysis A Analysis B Analysis C
ee L ee + [Lu L ee fLpL ee + [LiL
Luminosity 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Trigger/lepton selection 0.04 0.04 0.04 0.04 0.04 0.04 0.04
JES+residual response 0.06 0.05 0.05 0.04 0.06 0.05 0.05
JER 0.02 0.02 0.02 0.02 0.04 0.04 0.03
Pileup 0.01 0.02 0.02 0.01 0.01 0.01 0.01
DY Zjj 0.07 0.05 0.07 0.08 0.14 0.12 0.13
g/g discriminator <0.01 <0.01 <0.01 - <0.01 <0.01 <0.01
Top, dibosons 0.01 0.01 0.01 0.01 <0.01 =0.01 <0.01
Signal acceptance 0.03 0.04 0.04 0.04 0.06 0.06 0.06
<—DY/EW Zjj interference 0.14 0.14 0.14 0.13 0.06 0.08 0.0 ——>
Systematic uncertainty 0.19 0.18 0.19 0.17 0.17 0.17 0.18
Statistical uncertainty 0.11 0.10 0.07 0.09 0.24 0.21 0.16
= o/on 0.82 0.86 0.84 0.89 0.91 0.85 0.88
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CMS Wjj, 8TeV
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c = =
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Source of uncertainty Muons | Electrons
Luminosity 2.6% 2.6%
Jet energy scale 7.3% 5.4%
Jet energy resolution 3.7% 2.2%
Wjets shape and normalization 16.7% 13.0%
Top-quark shape and normalization 6.0% 5.5%
Interference effect 13.8% 14.4%
QCD fraction prediction (electron channel) — 4.4%
n tri iciency .0% 9%
Lepton trigger efficiency 1.0% 0.9%
Lepton selection efficiency 2.0% 1.8%
ileu 0 0
Pile < 1% < 1%
Fiducial acceptance 1.7% 1.7%
total (without luminosity) 24.1% 21.6%




TABLEII. Estimated background yields, observed number of data events, and predicted signal yields for the three channels are shown
with their sysiematic uncertainty. Contributions due to interference are included in the W=W=j; electroweak prediction.

Inclusive region

VBS region

etet esut et ete* eFut et

Prompt 3.0£0.7 6.1x1.3 26£06 22+£05 42+ 1.0 1.9+0.5
Conversions 32407 24 +0.8 e 2.1+05 1.9+ 0.7 e
Other nonprompt 0.61 =0.30 1.9+0.8 041 +£0.22 050 £ 0.26 1.5+06 034 +0.19
WEW*jj Strong 0.89 £ 0.15 25£04 1.42 £0.23 0.25 £ 0.06 0.71 £0.14 0.38 = 0.08
WEW*j Electroweak 3.07 =030 9.0£0.8 49+05 255+£0.25 7.3+£06 4.0+ 0.4
Total background 6.84+1.2 10.3 +2.0 30+06 50+09 83+ 1.6 26+0.5
Total predicted 10714 21.7+£26 93+£1.0 76£1.0 15.6 2.0 6.6 £ 0.8
Data 12 26 12 6 18 10

TABLE 1. Signal and background vyields after the full selection. Only statistical uncertainties are reported. The signal, WEW= .
includes EW and QCD processes and their interference.

Nonprompt Wz VvV Wrong sign WW DPS Total bkg. WEW*jj Data
WHWw+ 2.1+0.6 0.6 0.1 0.2 £0.1 0.1 0.1 0.1 £0.1 3.14+06 7.1 0.1 10
W-W~= 2.1+05 0.4 +0.1 0.1 £0.1 » e 26405 1.8 £0.1 2
wtw+ 42+08 1.0 £0.1 0.3 £0.1 0.1 0.1 0.1 £0.1 57+0.8 8.9 +0.1 12

In addition to vetoing loosely identified leptons, we also veto the following cases:

— Events with a loosely isolated, reconstructed muon or electron.

— Events with a fully identified lepton and another opposite-charge, same-flavor, lepton-
reconstructed lepton (without an isolation requirement), such that their invariant mass is
compatible with a Z boson.

— Events with a fully identified lepton and an isolated hadron-reconstructed lepton, such that

their invariant mass is compatible with a Z boson.

Those additional requirements reduce by ~60% the WZ background with a tiny

effect on the dilepton events. The mll cut is pretty much irrelevant after all, but it
was actually applied to reduce the non-prompt lepton background at

preselection level.

https://indico. cern. ch/event/338764/contributions/1734455/attachments/663828/912493/VBS 5 September 2014. pdf

ATLAS

CMS
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