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The significance of single top quark measurements

[ Single top provide a direct probe of the EWK Vip I*, q
. . . . w v, q'
interaction, production via charge current t i

» Probe of tWb vertex and measurement of CKM matrix b
element V,, from the measured cross section uppresaed by he aquare o
the corresponding CKM matrix

elements [V, | and |V4].

 Top quark doesn’t form hadrons:
» decays before hadronization, access to bare quark properties
» Decay products keep spin information (spin correlations info is conserved)

*»* Very important for top quark polarization studies
» Sensitive to new physics; can change top quark anomalous couplings(FCNC)

 Important for refinement and tests of different physics aspects of
top quark modeling in MC Simulations
» Probe the PDFs

1 Background for many physics searches

» Experimental information on my and m,, gives us useful hints on the
structure of the theory at very short distances
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Production of Single top quark

Cross section @ 13 TeV
[ Discovered at Tevatron in 2009 t-channel

» Observation by CMS/ATLAS in 2011

 Three production channels
» t-channel (2->2 and 2->3 processes at LO)
» tW channel oML =217"(scale)+6( PDF)

r channel

> s-channel

» Predicted cross sections depend on PDF,
choice, top quark mass, etc.
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Single top quark t-channel cross section @ 13 TeV at CMS

[ Large production cross-section in t-channel mode ¢

M t-channel signature (single lepton decay):
» One isolated muon

» Two high-pT jets (one forward and one b-tagged jet)
 Missing transverse energy (E;™%) from the neutrino9

[ Selection criteria:

» One isolated p with pT > 22 GeV and |n| <2.1

» 2 jets with pT >40 GeV and |n| <4.7 ?-8(;\_/:12%8500678\/1/

Mostly out of acceptance

+* One of the jets must be b-tagged
¢ Jet with ant-kT with R =0.5

» m;Y>50 GeV (low mW for QCD validation)

q q’

W
Signal region QCD/Wijets region
2 jets with 1 tag 2 jets, O tag 3 jets, 1 or 2 tags t
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Background estimation for t-channel x-section @ 13 TeV

-1 23" (13 TeV
N e 2R A3 TEV) 6000 rrrrrrr e R
H 3 m -
4 it 2 ss008 CMS + Data i o [CMS t Data
jeLs % 4000F- 3-jets-1-tag E:;;:me' 41 2 20008 - — Fit -
1 2 3 o WWiZsjets 3 9 4000k e * non-QCD
[Jacop § C 7 = O] ]
i = 1 Post-fit unc. — L 2iets-1-t
.................... E 3000 Jets-1-ag ) —
2 2000F = '“*r‘-rr'_ . ]
B4 SR CR 1500 [ .
2000 .
81 (@1b) | (3ib) 1000 : . :
t-channel | fitbar C
* 5 Al -1 -08-06-0.4-02 0 02 04 06 08 1 L e, .
(3j2b) MVA output
itbar - 20 40 60 80 100 120 140 160 180 20C
§|-E . ;;-"-- B e g Ca é QCD: Non-isolated muon ( (I,,>0.12)) My EGEV)

O Main backgrounds: ttbar and W+jets
» MC samples validated in sideband control regions (3j1b,3j2b, 2j0Ob)
» LH fit to both SR and CR constrain ttbar and W+jets

O QCD estimated from data:
» Using m;" to control QCD, removing selection cut on m;" and perform LH fit
» QCD contribution is then extrapolated to signal region m;"V > 50GeV

> Validated in 2 jet + 0 tag region where QCD is large arXiv:1610.00678v1/
TOP-16-003
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Signal extraction for t-channel @ 13 TeV

2.3 (13 TeV)
SCALMELRRL:AN

1 2.3fb" (13 TeV
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arXiv:1610.00678v1
[ Artificial neural network is trained in 2jets + 1 tag region (signal

Rank Variable

region) by using 11 input variables 1 Light quark |7

[ Simultaneous fit is then performed in ki
4 Transverse W boson mass
3 regions to extract cross sections 5 Jet pr sum
6 cos 6%
» Each category is then further sub-divided into . Hardest jof mass
+ve/-ve muons § AR (light quark, b quark)
9 Light quark pt
10 Light quark mass
11 W boson |7|
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Single top quark t-channel cross-section @ 13 TeV

Opcht = 150 £ 8 (stat) £9 (exp) £ 18 (theo) £ 4 (lumi) pb

= 150 =22 pb, arXiv:1610.00678v1

Riaqp, = 1.81 £0.18 (stat) = 0.15 (syst).
Opch.t = 82110 (stat) £4 (exp) £ 11 (theo) £ 2 (lumi) pb
= 82+ 16pb,
Op-ch,t+1 = 232 £ 13 (stat) £12 (exp) =26 (theo) £ 6 (lumi) pb
— 232+31pb.

ot =217"1(scale)*6(PDF)

r channel

107

» Good agreement between
measurements and theory at different
center of mass energies

» Dominant systematics:

Ut-channel and ttbar modelling (~9%)

Wfactorisation/renormalisation scales(~6%)

Tevatron 1.96 TeV (L < 9.7fb") ]
Phys. Rev. Lett. 115 (2015) 152003 _

s CMS7TeV(L=1.17156f") ]
JHEP 12 (2012) 035

10 |
m CMS8TeV(L=19.7fb")

JHEP 06 (2014) 090

t-channel total cross section (pb)

e« CMS13TeV(L=23f")

=== NLO+NNLL QCD * (scale & PDF)
Kidonakis, Phys. Rev. D 83 (2011) 091503

'I | | | | | | | | | | | L | | | | | | | | | | | | ‘
2 4 6 8 10 12 14
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Top/anti-top cross section

CMS 23th (13 TeV)
T T T T T T T T T | T

ratio

T | 1 1 1 |
CMS

arXiv:1610.00678v1

1.8110.18 (stat) = 0.15 (syst)
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d o, .and R, are parameters of the fit

2

t-ch.I

1 The ratio is sensitive to the description of different PDF sets

 Can be used to calculate the CKM matrix element |V, | (assuming
|Vip|>>Vigl, [ Vi)

» The presence of an anomalous Wtb coupling is taken into account by the anomalous
form factor f,

v Vis| = 1.03 £ 0.07 (exp) = 0.02 (theo)
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t-channel differential cross section @ 13 TeV

1 Measured signal yields in bins of p; and absolute TOP-16-004
. 1 0 — 11y Etps - 7000 M Preliminary 2.3 (13TeV)
rapldlty ( Y= M- ) gsoooi—zjetsw-tag i?i:f;nnel ]

. .. = a Mtiw I

 BDT discriminator : $ ool Ewzsers ]

[[IMultijet

» Based on variables uncorrelated to top p; and rapidity 3000fmasment Total yst. 3
» No selection on m;Vin training 1000¢
> Trained in 2jets+1 tag, used it in all regions S 1ot
St = . - 5
(J Data Driven multijet estimation: S I
0 50 100 150 200
> Low MC statistic: shape from data with same mr(W) (GeV)
selection but non-isolated lepton |, > 0.2 < soooczst”:e:’t”‘ga’y23“’;5‘”‘9‘”
» For QCD fit to m;" shape for m;V < 50 GeV, % 2500 (1> S0 G B
expect QCD at low m," ] "
r 3 Total syst. ]

U For signal extraction with m;"¥ >50 GeV using ™
BDT distribution, to estimate signal and
other backgrounds yields

Data/MC

BDT discriminant
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t-channel differential cross section @ 13 TeV

1 Simultaneous fit in 3 regions enhances sensitivity to ttbar and reduces anti-
correlation with W+jets norm.
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t-channel differential cross section @ 13 TeV

1 CMS Preliminary 2.3fb 7 (13 TeV) 1o CMS Prehmmary 2.3fb7 [‘l 3TeV)
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1 From signal region unfolded to parton level
 Data is in agreement with the theoretical predictions within uncertainties
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Search for Anomalous Wtb couplings

[ Single top production cross section is proportional to the size of Wtb

interaction arXiv:1610.03545v2

» Provides the direct measurement of |Vtb|

» t-channel production is sensitive to possible deviations from the SM
prediction for the Wtb vertex

Search for single
Q CP-conserving Lagrangian for Wtb can be written as | Muon *one light jet

v W‘ + one bjet
. 8w R Y R
2= -by (FoP+ fEPR) Wy, — b (FEPL+ FRP) t+he

dInSM £l =V, R =k =R -0

» Look for differences in kinematical and angular distributions in the presence
of anomalous couplings

10 19.7107 (8 TeV) 210 19.7 o' (8 TeV) %10 19.7 10 (8 TeV)
& 2.0F, { Data I t Data S { Data
o vk I ¢ channel =T CMS Bl ¢ channel o 10 4 CMS B¢ channel
8 15 channel :.né s channel & s channel
=i 2 =W =W
m A ||t 1w it w ot
& |\ w-light [ W-light [ W-+light
(W W+ EW+c
Il W-+Q0 mWw-+aad B W-+0Q
B [ W-+QX (UE) [ W+QX (UE) [ W+QX (UE)
% 0 e e et -Bihclnls\?ns =t [l Dibosons | ¢ %g L} ih Il Dibosons
- 241 | I Drell-Yan S i o S 0t TRyt W Drell-Yan | 2|, 0 S8 H++ e "f: | Orell-Yan
PhE L | Mutet T "I“‘? CIMutjiet | £/ S0 "“. e *" **( +.+-L IMuttjet
a 00 02 [M 0.6 [].B 1.0 . 0.2 []4 06 08 1.0 a 00 0.2 Dxi DB DE- 1.0
SM BNN in 2 jets, 1tag SM BNN in 3 jets, 1 tag SM BNN in 3 jets, 2 tags
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Anomalous Wtb couplings

(d BNNs are trained to separate SM left-handed interactions from one of the
anomalous interactions

(d The SM BNN and one of the Wtb BNN discriminants are used as inputs in

the simultaneous fit of the two BNN discriminants

e 507 (7TeV) + 19.7 fb" (8 TeV) Y 5.0fb7 (7 TeV) + 19.7 b (8 TeV)
T M B e L T CMS B o L cneved
O Observed and expected TN ke 3 — e CLopecd
1_15_ —-_\\ \ 68% CL expacta Ly | R— T 68% CL expecte
exclusion limits in the two i3 a4 e
0.0 - 0aE. .
dimensional planes at 68% . . o
and 95% CL_ O'QJEI = I{)?‘II = Il'.}!2I - ID.ISI - IEI.I4I = IIZI!SI = IU?GI - ID.T" D'GDEI - ID‘!]'SI - IEII.‘II - IEII‘IEI - IC-?ZI = iZIIESI - ID.S
i &
i 507 (7 TeV) + 19.7 b (8 TeV)
< tcms
. . . 1.6
 The measured 95% CL exclusion limits on T arXiv:1610.03545v2
anomalous right-handed vector, and left-
and right-handed tensor Wtb couplings are, e cL e
0.8__ Yo L DOSEMNe:
R < 0.16, |f5| < 0.057, and —0.049 < fR < 0.048°F o
JV - o UT S v >~ JT =~ ™ R L
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Exclusion limits on tug and tcg anomalous couplings

5.0 fb1(7 TeV) + 19.7 fb1 (8 TeV)

" 0012 CMS [ ]95% CL observed
= [ 68% CL observed

@ .
= o001
- 95% CL expected
é 0.008 — 68% CL expected
= B
- C
& 0.006]~

IIII|IIII|III|III"‘JI|IIII|IIII|IIII|IIII
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

|Kegl/A (TeV)

Vs Keugl/A (TeVY) | B(t — ug) | |keg|/A(TeVY) | B(t — cg)
7 TeV 14 (13) x1073 24 (21)x107° | 2.9(2.4) x10~2 | 10.1(6.9)x10~*
8 TeV 51(5.9) x1073 | 3.1(4.2)x107° | 22(2.0) x10~2 | 5.6 (4.8)x10*
7and 8TeV | 4.1(4.8) x1073 | 2.0(2.8)x107> | 1.8(1.5) x10~2 | 4.1(2.8)x10~4
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Search for associated production of a Z boson with Single Top

Quark @ 8 TeV
 tgZ is an unmeasured rare standard model process.

 Measurement confirms a predicted feature of the standard model and allow
other analyses(trilepton analysis) to more accurately account for the tgZ as a
background

* irreducible background for FCNC t—>Zb decay and tH searches
O Analysis techniques can be shared in common with SUSY

multilepton analysis
/r z/y
u > d u - da
3 o(tl*lq) = 8.2*09 , ,(scale) fb . v
based on leptonic top quark
decay, and m, > 50 GeV using P —t P ¢
MC@NLO. () ®)
u - - da u - —— da
x-section enhancement w.r.t SM '% '%
— e t

may be a hint of new physics b - t b .
A_‘_ez.»"w © (@ '_H'l:f?
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Search for SM tZq Process @ 8TeV

O Analysis Strategy: arXiv:1702.01404v1

» Data driven estimation for fake(from ttbar and DY) background
» Data driven estimation for di-boson background (WZ+jets)
» Rest of the backgrounds from simulation

» Background is estimated from data by a fit on m;V distribution in the control region

+* Fake/non-prompt background templates are obtained inverting isolation criteria on third
lepton

» WZ+heavy flavor jet and WZ+light jet get free parameters in fit
 Signal Separation: BDT is trained to separate SM tZq from ttZ and WZ
 Simultaneous fit on BDT(m.") distribution in signal and background region

CMS Prefiminary 19.7 fb™ (8 TeV) CMS Prefiminary 19.7 b (8 TeV)
E o €€€, eelL, 'enyy, i channels o, g wieee, eelt, ey, pup channels' o,
[ ’ Mtzq F / Wizq :
™ | ¥ S~ 351 / =
¢ ! Bl Non prom, [ Bl Non pr t H
3 1ol —eianes B I 3 =™ [ BDT contains
~ W Wz+ht. i ‘;’ i W wz+ht. = .
2 mz | W= oz - variables such as the p;
g" v i 20:; W :
w E

-+ and n of leptons related

151 ! :
ok : 4 to top quark and Z
- i - Boson, charge asymmetry
g AT s s R T & 1 of leptons from W boson,
E F] EETERE AT ST S IR SN N NI E 1t N SONNANNAN : :’ N . .
% 05| LA B A\ \X % 05| Y | jet properties etc
o T e Py pop] grioq ] [y B TN o i Ll Ly won] ooy L, L)
O~ ~26 40 66 80 100 120 140 160 180 20 0708 06 04 02 0 02 04 06 08 1
my [GeV] BDT discriminant
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Search for SM tZq Process @ 8TeV
(1 Observed(expected) significances: 2.4 (1.8)o

(J Measured upper limit on tZq cross section at 95% CL. : 21 fb

Channel Cross section (fb)

eee 0+
+13

CeH 1 —10 o(tl*l'q) = 8.2*0-9 , .(scale) fb
+19 :

ppe 2474

MU 5j§

Combined fit 1077

1 Results confirmed by simple cut &count analysis as well

1 For FCNC interpretations, see Pieter David's talk
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Summary

J CMS produced a wealth of results on the electroweak production of the
Top quark in different production modes at 7,8 and 13 TeV

CMS Preliminary August 2014
E = T T T T T T ‘ | | = T | T T T T I T T T T | T T T T T T T T T T T T | T T T T
2 £ Single top-quark production 3
© C . . _ -1
" Inclusive cross sections t 4 ?ng?[:\iv‘;_@z\:p-;.?n&,(;?110(2013) 02208 o
— : 0130 0.040
102 = : - tW (pp or pp)_E
= = CMS tW, 8 TeV, 12.2 b", PRL 112 (2014) 231802 "
= ] 1.030 + 0.120{exp) + 0.040(th)
- s-channel (pp) -
10 = — CMS t-ch., 7 TeV, 1.17/1.56 fb”, JHEP12 (2012) 035
E s-channel (pp) 3 1.029 + 0.046(exp) + 0.017(th) e
- . CMS t-ch., 8 TeV, 19.7 b, JHEPOS (2014) 090
' ' § ——
= — 0.979 + 0.045(exp) + 0.016(th)
= = NLO+NNLL, PRD 82, 054018 (2010) 3
- = CMS t-ch., 7 and 8 TeV combined, JHEPOS (2014) 090
- NLO+NNLL, PRD 83, 091503 (2011) 4  CMS, PRL 110, 022003 (2013 . ——
B ’ (200) (2013) _ 0.998 + 0.038(exp) + 0.016(th)
» v Tevatron, arXiv:1503.05027 [hep-ex] B CMS, PRL 112, 231802 (2014)
10 E_ & CMS, JHEP 12, 035 (201 2} NLO+NNLL, PRD 81, 054028 (2010% CMS “-R-br -] Tﬁv‘ 18.7 fb“, PLE 738 E2n14) 33
= B CMS, JHEP 06, 090 (2014) v Tevatron, PRL 112, 231803 (2014) 1.007 + 0.016(stat+syst}
- *  CMS, arXiv:1610.00678 [hep-ex] ®  CMS, JHEP 09 (2016) 027 .
2L | \ | | | \ ! ! ! | | | e e e e
10 2 3 4 5 6 7 8 9 10 11 12 13 _14 05 0.6 or o8 0.8 1 11 12
Vs [Tev] |Vb|

d Measurement of V,, at different CoM energies in different production
modes

 First search for tgZ at 8TeV has been published
J Newer results based on the full 2016 dataset are coming soon!!
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Results in this talk are based on the following measurements

dSingle top quark t-channel measurement:

> t-channel cross section at 13 TeV arXiv:1610.00678v1/TOP-16-003

> t-channel differential cross section at 13 TeV TOP-16-004

dSingle top quark s-channel measurement at 7+8 TeV
JHEP09(2016)027

A Single top quark cross section in PhysRevLett.112.231802
tW channel at CMS

L Single top quark produced in association with Z boson
arXiv:1702.01404v1
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t-channel x-section relative uncertainties

Table 4: Relative impact of systematic uncertainties with respect to the observed cross sections
as well as the top quark to top antiquark cross section ratio. Uncertainties are grouped and
summed together with the method suggested in Ref. [45].

Uncertainty source ACrch i1t/ 075 7 | ACLen /0% o | ACan 1/ 0% ¢ | ARien/Rien
Statistical uncert. +5.5% +5.3% +11.5% +9.7%
Profiled exp. uncert. +5.2% +5.7% +4.9% +3.3%
Total fit uncert. +7.6% +7.8% +12.5% +10.3%
Integrated luminosity +2.7% +2.7% +2.7% -
Signal modelling +6.9% +8.2% +8.5% +5.3%

tt modelling +3.9% +4.3% +4.5% +4.0%
W+ets modelling —1.8/4+2.1% —1.6/4+2.3% —2.5/+2.3% —1.7/+2.0%
g/ pp scale t-channel —4.6/+6.1% —5.7/+5.2% —7.2/+5.1% —0.7/+1.2%
uR/ pr scale tt —3.5/+2.9% —3.5/+4.1% —47/+3.1% -1.1/+1.0%
g/ pp scale tW —0.3/+0.5% —0.6/+0.8% —-1.1/+0.7% —0.2/4+0.1%
ug / ur scale Wjets —2.9/4+3.7% —3.5/+3.0% —49/+3.8% —1.2/+0.9%
PDF uncert. —1.5/+1.9% —2.1/+1.6% —-1.8/+2.1% —2.2/+2.5%
Top quark pr modelling +0.1% +0.2% +0.2% +0.1%
Total theory uncert. —10.7/+11.1% | —12.2/+121% | —13.6/+12.9% +7.5%
Total uncert. —13.4/4+13.7% +14.7% —18.7/+18.2% +12.7%
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s-channel single top quark cross section @ 7, 8 TeV

1 Very challenging single top quark process
 Signature :
» Single isolated lepton (e, u) with high pT > 30 GeV
» Two central high p; jets (two b-tagged jets)
» Missing transverse energy from the neutrino
»> 2 jets, both b-tagged jets (2jets 2tags) JHEP;S}SSSG)ON
J analysis strategy ._—_
» BDTs trained to separated signal from CR (2j0b)
large ttbar and W+jets backgrounds valg:lglt)ion
» data-driven estimation of QCD

» cross section estimated by performing -

simultaneous fit to BDT distribution in
signal and control regions (2j1b, 3j2b)

J Largest syst. uncertainties: jet energy calibration, b-tagging,

scale ( W Hg)
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Background estimation for s-channel cross section @ 7, 8 TeV

(] QCD estimation at 7 TeV

Muon, 5.1 fo'" (7 TeV), 2-jets 2-tag
g D0 <-jel

> ™
3 e Data
» Not enough statistics to train BDT . e Ef(fﬁ:::;‘
at 7 TeV e -4
. .. . o BZ+ets
» ML fit on m;" distribution EW+ets
Bl Diboson
(2j2btag, 3j2btag) ggﬂulttijet
yst. unc.
1 2j1btag region: cut at 50GeV to = o Bt £81
i i % 50 100 150 200 250
reduce QCD contamination, mr(GeV)
QCD is taken from simulation - mwfbwev)ﬁ .
: : S p000fF @ o—— «Data
(J QCD estimation at 8 TeV = ok \ CMS 3 35 channel
‘QE) 1600 E- Bt channel
» BDT is trained in signal/ control samples & ja0f SSN
> Separate QCD against ttbar and W+jet, 1538: :ﬁf;fs
single top b —Hyrions
. “ . . » 400 3 []Syst. unc.
» QCD, taken from data with “ant-isolation” 7 F SRate syst.
selection %% 02 w02 0 02 04 06

QCD BDT Discriminant

» Fitin the QCD enriched region JHEP09(2016)027
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Signal extraction for s-channel cross section @ 7,8 TeV

__Muon, 5.1 fb' (7 TeV), 2-jets 2-tags

Electron, 19.7 fb' (8 TeV), 2-jets 2-tag§
T St =

S C ] e Data 31400:—1"wl"' - e Data
@ 500 CMS - [Js channel @ - CMS 1 [Js channel
§ - - Bt channel § 1200 E N — Wt channel
* 400 E— i "E Dt¥V = 1000 — 3 ES_N
. 1mt : 1
300 - 1 WZ+jets 800 - :xjgts
: 1 WW+jets C { WW+ets
- - :Digi)son 600 ~| lDiboson
R 5 ij : 1 [Multijet
C ] [IMultijet 400 - DSystJ .
100~ - Wyt g 200 :_ = Rate' S Sl.
C " 1 NRate syst. " =1 R yst.
- Sl - 0 e e o S
%8 0.7 -06 05-04-03-02-01 0 01 0.2 -08 06 -04 -02 0 02 04
RNT Niscriminant BDT Discriminant
O Signal extraction Strategy: JHEP09(2016)027

» For electron and muon at 7 and 8TeV, BDTs are trained in 2)2btag, 2J1btag and 3J2btag

» In 2J2btag region: s-channel vs rest Dominant systematics:

» In 3J2btag: ttbar vs rest > Factorization/renormalization scales (~30%)
» In 2)J1btag: W+jets vs rest > JES/JER (~35%)

[ Simultaneous ML fit to data in|

os(7TeV) = 7.1 + 8.1(stat.+syst.), p-channel

signal and control regions o4(8TeV) = 11.7 + 7.5(stat.+syst.), p-channel
Observed significance = 2.5¢ 04(8TeV) = 16.8 4+ 9.1(stat.+syst.), e-channel
Expected significance =1.10 0s(8TeV) = 13.4 £ 7.3(stat.+syst.), (e+ p)-channel
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tW-channel cross section at 8 TeV

 First observation of tW production channel at 8 TeV .

» Analysis of events with two oppositely charged leptons 1 .

1 BDT to reduce the background

» Signal extracted from a simultaneous binned likelihood
fit to BDT discriminant over the signal and background

SR
(1j1b)
Wt-channel

# b-tag jets

control regions, 3 independent regions

1

CMS, Vs =8 TeV, L=12.2 fb, 1jt CMS, Vs = ngev, L=12.2 fo

700F T T T T

y =ra
i et o

Uncertainty E

-
™~
(=]
Q
o
I

600

o
n
S
S
I

Il Z/y "+jets
[l Other
Uncertainty

-
Q
(=]
=]
=]
\

500}

_9 L ..9

;q:’ 400 . GC) F / =
I ; 7 /

Lﬁ 300 : Lﬁ et s i

200F

100 i

i 0
01 02 03 1j1t 2j1t 2j2t
BDT discriminant : ) JFlegion

G(Wt) = 23.4 £ 5.4 ph

Vip| = /o /oty = 1.03 +0.12 (exp) + 0.04 {th.)l
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Observed significance is 6.10 (5.40 expected)
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BNN input variables data/MC comparison

L X0 19.7 ib (8 TeV) - L e 19.7 i (8 TeV) -
= F  Data ! t Data
S EEtchannel | § 6 B! channel
L [] s channel = []s channel
3 Otw £ W
@ =i 4 it
B W-+light B W+light
W+ 2 EW+c
I W+00 W-+Q0
B W+0OX (UE) B W+QX (UE)
O ncﬁl —— -|Hl Dibosons | ¢ Dq 7|l Dibosons
E. Y "_'I.{."—h“"* **""’H*“'h* .'"“q#‘"““‘" + +H‘+ [ | Drell-Yan E. O 0.0k [ | Drell:‘fan
8|5 09— e R R - [T Multijet 9|s-0.1 — |3 Multijet
8 -1.0 -0.5 0.0 n 5 1.0 a
cos(e,; )|
1 P
19.7 fb ' (8 TeV)
= Biimj cMs |[F Dat = & cMms |[1 Dat
QL o Il ¢ channel 3 | Bl channel
© gl [] s channel = []s channel
£ tw 2 4r tw
= i g 1 it
w B W +light w - W +light
W+ 2r Bl W-+C _
 W+Q0 i B W-+Q0
g W+0OX (UE) . i R W+QX (UE)
O DE:: P = | Dibosons &3 nq ------ [l Dibosons
E: ' |'_'|.::| i.'.‘;-‘...‘. FET - Drell-Yan = ':'D H T *‘-h“, *.*lﬂ'*-*-i (13 - Draell-Yan
AIS 0.1 Y ”* h *.—,’f ,‘rhﬁ“’l‘rﬂﬂk{i { |3 Muttijet 3= 1_£+._++“*‘1?—"" e i “ -~—4 | Multijet
S 100 150 200 25'!] 300 350 400 S 100 150 200 25[] 300
H:(id) (GeVv) M(W.D) (GeV)
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