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Single Top
/

13TeV _,
. e Single Top production mechanisms: ! @ “Vq \

— t-channel

— W associated

— s-channel

' i : : 0 e =217%scale) + 6( PDF )
 Production via Electroweak interactions. (= chamnel =44/ -5

— Study of Wtb coupling

— Measurement of vtb

— Polarized sample, measuring top polarization ;
w
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e Sensitive to new physics t

— Anomalous coupling(FCNC)
— Charged Higgs Models

 Sensitive to PDF b
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. t-channel measurements:

@ Inclusive cross section @ 13TeV (paper in preparation)

@ Fiducial cross section @ 8TeV (TOP-15-007)

@ Differential cross section @ 13TeV (TOP-16-004)
s-channel measurement:

@ Search @ 7,8TeV (JHEP09(2016)027 )
Association production of Z boson and single Top(SM):

@ Search @ 8TeV (TOP-12-039)
Do not cover tW channel

@ observation @ 8TeV (PRL 112 (2014) 231802)

@ See also

- Properties in single top: talk by J. Pena (ATLAS)
- FCNC talk: by J. Espinosa (ATLAS) 3



t-channel Inclusive Cross Section, TOP-16-003 paper in prep.)

Trigger:

Isolated muon with pt >20 GeV
Muon:

pr > 22 GeV, |n| < 2.1, I < 0.06.
Veto lepton:

pr> 10 (20) GeV, |n| < 2.5, I < 0.2 for u(e)
Jet: anti-kT, R=0.4

In| < 4.7 and pr> 40 GeV
b-tagging:

effy: 45%, efffake,light jet ° 0.1%
QCD rejection:

myp(W) > 50GeV

\_

light jet in forward

Out of acceptance

wa

2-jets 1-tag
3-jets 2-tags

Signal Region

}» tt Control Region
3-jets 1-tag
2-jets O-tag Wijets Control Region

QCD estimation validation
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Events with non-isolated lepton and low m1(W) are used in QCD estimation



t-channel Inclusive Cross Section, TOP-16-003 (paper in prep.)
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t-channel Inclusive Cross Section, TOP-16-003 (aper in prep.)

2310 (13 lev)

. \ Analysis Strategy:simultaneous fit in 3 reglons

% T T T T . Data é
« inte 4 ¢ channel 3
2.3 f! (13 TeV) 5 ots-1-tag w2
c\! 6000—;—||||||||||||||||||||||||\ T T t I - W W/Z+jets E
d [Jacb E
S ~ CMS + Data ] & Post-fit unc. é
-‘UE) 5000 2}61‘5 1 ta .r_channel ] E
g: N Lt tw 7 E
L1 4000 B W/Z+jets E
B D QCD Bl —08-06-04-02 0 02 04 06 08 1
- = — MVA output

3000} Post-fit unc. — o 12
] §|E %\%\\\x\\\\a&\\x\&s\\\@\www \\N\\{\\\§

_ 0.8l
2000 S E g 1400:_"6'"I"'l“‘l"‘!"‘lw2+3Ef)b (13Tevl:
> ] — E MS ata 3
i -3 1200 ;@ts—Z—t@ [l channel 3
1000 ] :>j 1000[ Einie O w =
= B w/z+jets i
e N Post-fit unc. E
-1 -08-06-04-02 0 02 04 06 0.8 1 2 =
MVA output 7
1.2} -

©
pof &W&M&R\W&“\NW@ A
0.8 r—
O(,4)=232+13 (stat )=12(exp )£ 26 (theo ) =6 (lumi)=232+31 pb

(t+t

)_232+6%(stat)+5%(exp)+1i%(theo)+3%(1umz) 232+13% pb

Mostly signal modeling:aMC@NLO <« Powheg 0 ama=2177%(scale) = 6(PDF +a,) 6



t-channel Inclusive Cross Section, TOP-16-003 paper in prep.)
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CKM matrix element Vi, ( |Vip| >> |Vis| >> | Via]):
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anomalous form factor



t-channel Fiducial Cross Section @ 8TeV, TOP-15-007
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In a fiducial cross section measurement:
It is measured only in fiducial volume(detector acceptance )
No extrapolation to experimentally non-accessible region.
Factorize the corrections for detector response from those for acceptance
Easier verification of theory (generator modeling) with data
Very close criteria to detector level applied on particle level

Object

Kinematic cuts at detector level

Cuts at particle level

number required

Tight Muon
Tight Electron
Veto Muon
Veto Electron
Jets
B-tagging
mt (muons)
Et (electrons)

pr > 26, |n| <2.1, I, < 0.12
Etr >30, |?7| < 24,4 <0.1
pr > 10, |y| <24 ,1.q < 0.2
Er >20, || <24, Iq < 0.15
pr > 40, || < 4.7
1jetis tagged
mt > 50
FEt > 45

pr > 30, || < 2.4
pr > 30, || <2.4

pr > 40, 5| < 5.0
|| < 2.4, b-hadron

exactly 1 (or 1 Ele)
exactly 1 (or 1 Mu)
0
0
exactly 2
exactly 1

At particle level

the definitions of objects follow closely the LHCTOPWG definitions for pseudo-top 3




t-channel Fiducial Cross Section @ 8TeV, Top-15-007

Fit on eta distribution of light jet

- . L
\aMC@NLO, 4FS

o =3.83+0.25(exp.)+0.20(theo.)

fid __ fid b
S 0. ,=87.2+6.5(exp.)+2.2(theo.)
id, MC ~ —
fid __ I:l—ch 19.7 fb" (8 TeV)
A= MC L L L A B B
o CMS
t—ch Preliminary

Predictions for ofid ;_, :
_COMMON O t.chy (5FS with HATHOR)

- different Afid  for different generators .
- PDF and scale affect both 0 .., and Agg

3.38 £ 0.25 (exp.) = 0.20 (theo.) pb

aMC@NLO, 4FS (scale ® pdf)

POWHEG, 4FS (scale @ pdf)

POWHEG, 5FS (scale @ pdf)

Yellow band: experimental unc. 9
green band: total unc.
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t-channel Differential Cross Section @ 13TeV, TOP-16-004

. / Signal yield is estimated in bins of top quark p; and rapidity

! _1 . . . . .
2.3fb ~ data, same selections, signal and control regions to inclusive measurement
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t-channel Differential Cross Section @ 13TeV, TOP-16-004

Analysis strategy :
. \ Simultaneous fit in 3 regions, inclusively or differentially

CMS Prelimmary 2. Sfb (13 TeV)
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estimate QCD yield o |
QCD shape: from anti-iso data oo
a §
=) e
R o
_g T L,
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k 500
: . : el A AL
Simultaneous fit in 3 regions: (23 1.2}
- enhances sensitivity to tt, % 1
- reduces it's anti-correlation with wjets norm. 008
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BDT discriminant



t-channel Differential Cross Section @ 13TeV, TOP-16-004

il

. Closer look on signal and backgrounds on unfolded variables distribution !
CMS Preliminary 2.3fb 7 (13 TeV
C ARt R T e e e
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Signal depleted region Signal enhanced region

12



t-channel Differential Cross Section @ 13TeV, TOP-16-004

A
Signal enhanced region Signal depleted region
m(W) >50GeV , BDT>0.6 mp(W)>50GeV , BDT<0
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Signal enhanced region

N\

m7(W)>50GeV , BDT>0.6

(Events / GeV)

=
c
>

its)

0

(Events / 1

Data/MC

Data/MC

t-channel Differential Cross Section @ 13TeV, TOP-16-004

CMS PreI/m/nary 2.3fb"' (13 TeV)

1.8 2jets 1 b -tag e Data

W)>50GeV & BDT> 0.6 [ t-channel

1.4¢ [tinw
BEW/Z+jets
il [IMultijet
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Search for s-channel @ 7+8TeV, JHEP09(2016)027

8TeV, 19.7 fb-1

Trigger:
Isolated muon(electron)
Exactly on lepton, Muon(Electron) :

Veto lepton:

Jet: anti-kT, R=0.5
In| < 4.7 and pr> 40 GeV

Loose jet: (< 2 loose jet in signal region)
same as jet, but 20 < pt < 40 GeV

b-tagging:
\ effb: 45%, efffake,llght jet . O. 1%

pr > 26(30) GeV, |n|< 2.1(2.5), I,¢<0.12(0.1)

pr> 10 (20) GeV, |n| < 2.5, I, < 0.2 (0.15) for u(e)

v
. <nissing energy
" Nlepton

two b jets

I 2 jets, 2b-tagged jet (2-jets 2-tags)

P

" 2-jets 2-tags Signal Region i
; 2-jets 1-tag  t-ch. & wjets Region

- 3-jets 2-tags tt Control Region :
. 2-jets O-tag  Wijets Control Region :
: QCD shape validation :

7TeV, 5.1 fb-1
Trigger:

isolated muon
(in some runs: central b jet py>30 GeV)
Muon:

pr > 20 GeV, |n| < 2.1, I, < 0.15
Veto lepton:

pr> 10 GeV, |n| < 2.5, I < 0.2
Jet: anti-kT, R=0.5

In| < 4.7 and pt> 40 GeV

b-tagging:
kffb: 45%, effg e light jet * 0-1%

~




Search for s-channel @ 7+8TeV, JHEP09(2016)027

il

Electron, 19.7 fb! (8 TeV), 2-jets 2-tags
e [ = i = P £ e e ey o ) e

N~ E T 2
= fggg: CMS Eﬁ?iaaanna Data Driven QCD Estimation
‘% 1600 %_ _% Bt channel 8TeV
5 1400 - o E:}’V > BDT is trained in signal/ control samples
- 3 @z+jets > Separate QCD against tt and Wjet, single top
= = @W+jets > QCD, taken from data with “anti-iso” selection
- — @ Diboson ) . .
E 3 OMuttiet > Fit in QCD enriched region
£ 4 E]Syst. unc.
= 3 NRate syst.

Events eliminated from analysis

Ty o g

. P

Used for signal extraction | Used in anti-QCD BDT fit

Muon, 5.1 fb™' (7 TeV), 2-jets 2-tags
e e e e e e e

> E T ]
& 350F 3 eData
0 = 3 s channel
Data Driven QCD Estimation o -
7TeV -'g 250 — = ] T
e E =
> not enough statistics to train BDT @ 200 = =€\7 e
e [ 3 3 . [ = . +
> ML fit on mp(W) distribution (2j2t, 3j2t) = .Dib{,son
> 2j1t: cut at 50GeV to reduce QCD 100 ] g"“s'j”itnc
contamination, QCD is taken from simulation 50 = R);te. syst..

0 50 - 100 150 200 250
m(GeV)



/ / Signal extraction Strategy
For electron & muon at 7 and 8TeV, BDTs trained in 2J2T, 2J1T and 3J2T

AN

Search for s-channel @ 7+8TeV, JHEP09(2016)027

> In 2J2T: s;channel VS rest

» In 3J2T: tt vs rest
> In 2J1T: Wjets vs rest

Simultaneous fit in signal and control sample

Muon 51 fo! (7 TeV), 2- JetSZtags

Muon 5 1o (7 TeV), 2-jets 2-tags
= bR b

el SIS
@ 500F @ 500F
= C < L
BE g ¢
W 400f W 400F
300F 300F
200F 2001
100F 100F
0557 06 05 04050201 0 01 0507 0605 04 0502.01 0 070

BDT Discriminan BDT Discriminant

Events / 0.1

Electron, 19.7 fb! (8 TeV), 2-jets 2-tags
R e roa e

1200
1000
800
600
400
200

o}

0.4

BDT Di(;friminant
Important Uncertainty : Scale ( Mg, Mg), matching thresholds, jet energy scale and b 1

L ol ol [ SR
8 TeV, 20.5 28.8 pb
8TeV, muon+electron [13.4, 26.7] pb
muon+electron 7 TeV, muon 25.4 31.4 pb
7 TeV, muon 0.5 0.9 [19.0, 36.6] pb
7 + 8 TeV 1.1 2.5 7 + 8 TeV 3.1 [2.1, 4.0] 4.7

02 0

(UL on B)

o | [Js channel
; - | It channel

- OW

- | [@tt

: lZ+jets

- | IW+jets

+ - | lDiboson
- | [JMultijet

== [1Syst. unc.

Rate syst.

rfagging




8TeV, 19.7 fb-1 N\
Trigger:
presence of two lepton with pr>(17)8 GeV
Exactly three leptons from different flavors, Mu(Ele) : ik
pr > 20GeV, |n| < 2.4(2.5), I¢ < 0.12(0.15) '

Two same flavor opposite charged leptons: 76 <m; <106
Veto lepton:

Same kinematic, looser identification
Jet: anti-kT, R=0.5

In| < 4.5 and pr> 30 GeV, reject jet if it's close to o

 For FCNC tZq, see talks by I. Parijs & J. Espinosa

ﬁ‘r

Search for SM tZq Process @ 8TeV, TOP-12-039

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

leptons(AR<0.5)
b-tagging:

loose WP, eff;,: 80%, eff;, . light jet * 10%
mp(W)>10GeV (optimized base on exp. significance)

At least two jets and at least one b-jet:  signal region :
l One or two jet, veto b-jet: background region(DY and WZ)

/

o

OS SF leptons
(eeu, uue)

OS SF lepton with
closest mass to Z

mass (eee, uuw)
18



/ Analysis Strategy:
. \ Background estimation: from simulation with 2 exceptions:

Search for SM tZq Process @ 8TeV, TOP-12-039

> non-prompt lepton (tt and DY) and WZ+ jet (dominant background)
> estimated from data by a fit on mp(W) distribution in background sample

> Non prompt background template from non-isolated sample
> 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 (mp(W)) distribution in signal (background) region

Confirmed by a
cut and count

easurement

-

19.7 fb™ (8 TeV)

[=)

—eee, eell, ejiyL, Py channels '
= 7

Events/0.13

¢ Data

Wizq

[l Non prompt ]

[Cwz

W Wz+hf.

Oz
WtV

Data/MC
o =

oo on o1
TTTT[TTTT [ TTT T[T T T T[T T TT[TTTI[TITTT

L\

I T T T T T
08 06 04 -0

L Ll Ll ‘ L1
04 06 08
BDT discriminant

I
1

Events / 13.3 GeV

19.7fb” (8 TeV)

eee, eell, epy, ppp channels'

P
4 Data
Wizq

[liNon prompt -

Cwz
W Wz+hi.
[zz
MWt

OV B

PR T JU ey
¢ LA S

Data/MC

TR

TN B SR T
100 120 140 160 180 200

¥ [GeV]

Observed(%xpected) significances: 2.4 (1.8)o
Measured upper limit at 95% CL. :+281 fb
Measured cross section: O, =10.", fb | Ouy su=8-2"5es(scale)fb |
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Summary

Y 4
. \ CMS has measured different production modes of single Top quark in
at 7, 8 and 13TeV center of mass energies.

92 E ainnl | ' ! N | | NE
S £ Single top-quark production t-channel (pp or pp) 3
o — . . ]
_ Inclusive cross sections .
102 = tW (pp or pP)
- s-channel (pp) ]
10 &= —
= s-channel (pp) I
1 = =
= = NLO+NNLL, PRD 82, 054018 (2010) -
- ~—— NLO+NNLL, PRD 83, 091503 (2011) + CMS, PRL 110, 022003 (2013) -
| B ¥ Tevatron, arXiv:1503.05027 [hep-ex] L CMS, PRL 112, 231802 (2014) n
10 = +  CMS, JHEP 12, 035 (2012) NLO+NNLL, PRD 81, 054028 (2010) =
- = CMS, JHEP 06, 090 (2014) ¥ Tevatron, PRL 112, 231803 (2014)
B | *  CMS TOP-16-003 (Paper in prep.) B CMS, arXiv:1603.02555 [hep-ex] I
—2 | ! 1 1 1 1 | | | | |

W™ %73 4 5 6 7 & 9 10 11 12 13 14

s [TeV]

more precise measurements @13 TeV are coming!
Stay tuned !




Back up
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t-channel Inclusive Cross Section, TOP-16-00
V4

Rank Variable Description

1 light quark |7| Absolute value of the pseudorapidity of the
light-quark jet

2 top quark mass Invariant mass of the top quark reconstructed
from muon, neutrino, and b-tagged jet

3 dijet mass Invariant mass of the two selected jets

4 transverse W boson mass Transverse mass of the W boson, calculated from
the muon momentum and the p/- T

5 jet-pt sum Scalar sum of the transverse momenta of the two jets

6 cos 0* Cosine of the angle between the muon and the
light-quark jet in the rest frame of the top quark

7 hardest jet mass Invariant mass of the jet with the largest

transverse momentum

8 AR (light quark, b quark) Difference in R between the light-quark jet and
the b-tagged jet.

9 light quark pr Transverse momentum of the light-quark jet
10 light quark mass Invariant mass of the light-quark jet
11 W boson |#| Absolute value of the pseudorapidity of

the reconstructed W boson

Scale factor for each process from the fit

3 (Paper in prep.)

Neural network inputs

Process Scale factor
Signal, t channel 1.10£0.08
Top quark background (tt and tW) | 0.9840.02
Wjets and Z+jets 1.0840.09
QCD multijet 0.844-0.29
Ry ch. 1.81+0.19
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t-channel Inclusive Cross Section, TOP-16-003 (paper in prep.)

R&\tive iﬂact of the systematic uncertainties with respect to the observed cross section value

Uncertainty source A0y h 147/ Oﬁlzﬁ_'f_ﬁ AGch i/ Uﬂjﬁf AGh i/ Uﬂﬁf ARyh./Rch,
Statistical uncert. 15.5% 15.3% +11.5% 19.7%
Profiled exp. uncert. 15.2% +5.7% +4.9% +3.3%
Total fit uncert. 1£7.6% +7.8% 112.5% +10.3% |
Integrated luminosity +2.7% +2.7% +2.7% -\
Signal modelling +6.9% +8.2% +8.5% 1+5.3%

tt modelling +3.9% +4.3% +4.5% +4.0%
W+jets modelling -1.8/42.1% -1.6/423% | -25/423% | -17/42.0%
ur/ iy scale t-channel —4.6/4+6.1% —5.7/4+5.2% -72/451% | -0.7/+1.2%
U/ iy scale tt ~3.5/42.9% -35/+41% | —-47/431% | -11/4+1.0%
ur/ pp scale tW —0.3/+0.5% —-0.6/+08% | -11/4+07% | —0.2/+0.1%
ur/ pip scale W+ets —-2.9/43.7% -3.5/+3.0% | —~49/438% | —12/4+0.9%
PDF uncert. -1.5/+1.9% -21/416% | ~18/421% | —2.2/4+2.5%
Top quark pr modelling £0.1% 10.2% £0.2% £0.1%
Total theory uncert. -10.7/4+11.1% | —-12.2/+12.1% | —13.6/4+12.9% 17.5%
Total uncert. —13.4/4+13.7% +14.7% —18.7/+182% | +£12.7%
Uncertainty source | Adich te/00% (o5 | A0t/ 055 ¢ | A0 3/09% ¢ | ARph./Rpah
MC samples size +3.4% +4.1% +3.8% £3.2%0
JES +4.1% +4.7% +3.5% +2.1%
JER +1.7% +1.2% +2.4% +0.6%
b tagging efficiency £1.9% £2.0% +1.8% +1.4%
Mistag probability +0.9% +0.6% +0.8% +0.5%
Muon reco./trigger +2.0% =£2.3% *1.9% =*=1.8%

EXp.
_uncertainties
included in fit

(profiled unc.)

23




t-channel Inclusive Cross Section, TOP-16-003 (paper in prep.)

Process ut U
Top quark (tt and tW) 7048+13 705613
Wjets and Z+jets 2837+83 2564+77
QCD multijet 302+151 2621131
Single top quark t-channel | 1539+13 977+£10
Total expected 11726173 | 10859+153
Data 11877 11017

Event yields for the main processes
in the 2-jets-1-tag sample

MC based except QCD

Stat. Unc. Only, QCD : 50% to
cover syst. in estimation.

Wijets with NLO/LO SF
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t-channel fiducial Cross Section @ 8TeV,Top-15-007

Kinematic cuts at detector level

Cuts at particle level

number required

Tight Muon
Tight Electron
Veto Muon
Veto Electron
Jets
B-tagging
mT (Mmuons)

Et (electrons)

pr > 26, || <2.1, I <0.12
Et >30, |?7| < 24,4 <0.1
pr > 10, || <24 ,14 < 0.2
Etr >20, || <24, I,q < 0.15
pr > 40, || < 4.7
1jetis tagged
mt > 50
ET > 45

pr > 30, |y]| < 2.4
pr > 30, |y| < 2.4

pr > 40, || <5.0
|| < 2.4, b-hadron

exactly 1 (or 1 Ele)
exactly 1 (or 1 Mu)
0
0
exactly 2
exactly 1

At particle level : stable particles: c T>10mm
> Prompt lepton: not from hadron decays ,radiations in a cone 0.1 are recovered for
leptons(dressed)
» Jets: Clustering around stable particles excluding prompt leptons/photons
~ Bjets: by rescale or ghost definition:
non-resonant b-hadrons not decaying to other hardons are identified as stable particle
rescale momentum to very small value, no effect on reconstructed jets
These jets are identified as b jet
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TW channel observation @ 8TeV, PRL 112 (2014) 231802

8TeV, 12.2 fb-1

Tri
P

me of two lepton with py>17 & 8 GeV
Two opposite charged isolated lepton , Muon(Electron) :

pr > 20 GeV, |n| < 2.1(2.5), identification criteria

Veto lepton:

pr> 10 GeV, loose criteria
Dilepton mass:
my > 20, out of 80<m;<110

Jet: anti-kT, R=0.5

In| < 2.4 and pr> 30 GeV

Loose jet (central loose jet) :
Fail jet |n|,pt selection, |[n| < 4.9 (2.4) and pt> 20 GeV,

b-tagging: | i ] ] |
Medium WP, effy: 70%, effyy . jight jer * 1% / 1 jets, 1b-taged jet (1j1t)
T,miss > 50GeV P
1j1t 2j1t 2j2t \
:'i' '.gt's' I 't; - 'S: ' Ir;a-l 'R"e' ;O'n """" oW 15004204130 790420480 220410430
i J & & & , tt 7090+£60£900 12910+80+£1320 7650+60+1020
! - oz v, other 670+30+£90 370+30+60 36+7+12
' 2-jets—1-ta tt Control Region ! ’
. 9 ‘!e ts—2 tag & ;| Total simulation 9260+70+1040 14070+90+1410 791047041020
L SIESTETE S *\_Data 9353 13479 7615 )
Main background o | t, Z IX"' jets statistical (first) and systematic (second) uncertaintie 26
Re-weighted, SF from Z mass window



TW channel observation @ 8TeV, PRL 112 (2014) 231802

BDT is trained in each region.
. ost powerful observables: loose jet related ones!
pro.flle likelihood flt. performed to extract signal ) ﬂobmination with ATLAS \
° 11D
_1 . i _ e
- CMS,l IS =8I TeV, ||—=12|2fb ) .11.1.t IIIIIII oo CMS 18 =BTV, L1221 2t A
b e Data I FEE e e { T
E W N 1200F Efl{v Al
600 I i : H 1000f : é{eei::w g
E = é/”}]’e:-JetS | Sano- ik .
= Ho .
500: Uncertainty [] i 600F _23 1 + 3 6 b
% 400~ 3 Otw=<9-1 = 2.0p
() E 71 200 :
Lﬁ 300:— —: . .“4 '-0.3 02 01 0 01 02 0 Source Uoncertalnty
B T U BPT discriminant (/0) ‘ (Pb)
200 =1 ‘ =t Data statistics 47 1.1
g ; 700; L Simu}atign statistics 08| 02
100 — 600F 7, TN Luminosity 3.6 0.8
¢ 12 5000 /R ] Theory modelling 18 = 27
1.%)4003‘ = Background normalization b 0.5
04 05 02 =01 0 g1 02 0 0" E Jets BT A
BDT discriminant 2001 g L o Detector modelling 4911
Oww = 23.4+54 pb L Total systematics (excl. lumi) | 144 | 3.3
-%.1 Sbo.z r 14.8 34

GtW, SM =22.2+ 1.

03 0z 01 0 01 02 0;.3 Total systematics (incl. lumi)
- B iscriminan \Total uncertainty | 156 | 36/
Significance obs.(exp.) = 6.1 (5.4) o
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TW channel observation @ 8TeV, PRL 112 (2014) 231802

. \ Systematic Uncertainty Ao (pb) £
ME/PS matching thresholds 3.25 14%
(QQ? scale 2.68 11%
Top quark mass 2.28 10%
Statistical 2.13 9%
Luminosity 1.13 5%
JES 0.91 4%
tt cross section 0.87 4%
Z-+jet data/MC scale factor 0.56 2%
tW DR /DS scheme 0.45 2%
PDF 0.33 1%
Lepton identification 0.31 1%
JER 0.27 1%
B-tagging data/MC scale factor 0.20 < 1%
tt Spin Correlations 0.12 < 1%
Top Pt Reweighting 0.12 < 1%
Event pile up 0.11 < 1%
EXs modeling 0.07 < 1%
Lepton energy scale 0.02 < 1%
Total 5.58 24% 28




TW channel observation @ 8TeV, PRL 112 (2014) 231802

Variable Description

Number of loose jets, pr > 20 GeV, |n| < 4.9
Number of loose jets, pr > 20 GeV, |n| < 24
Number of loose jets, pr > 20 GeV, b-tagged, |n| < 2.4
Vector sum of pr of leptons, jet, and
Scalar sum of pr of leptons, jet, and
pr of the leading, tight, b-tagged jet
pr of leading loose jet, defined as 0 for events with no loose jet present
Ratio of pr gy to Hr for the event
Invariant mass of the combination of the leptons, jet, and
Centrality of jet and leptons
Ratio of scalar sum of pr of the leptons to the Hr of full system
Vector sum of pr of jet and leptons
Missing transverse energy in the event




Search for s-channel @ 7+8TeV,JHEP09(2016)027

0s = 7.1 £ 8.1 (stat + syst)pb, muon channel, 7 TeV;
o, = 11.7 £ 7.5(stat + syst) pb, muon channel, 8 TeV;
s = 16.8 £ 9.1 (stat + syst) pb, electron channel, 8 TeV;
s = 13.4 £ 7.3 (stat + syst) pb, combined, 8 TeV.

B=2.0 £ 0.9 combined

Channel Observed UL Expected UL—SM signal Expected UL—no signal

i, 7 TeV 31.4 pb 25.4[19.0, 36.6] pb 20.2 pb
i+e,8TeV 288 pb 20.5 [13.4, 26.7] pb 15.6 pb
748 TeV 4.7 3.1[2.1,4.0] 22
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Search for s-channel @ 7+8TeV,JHEP09(2016)027

V4 4
Source Uncertainty (%)

. u,7TeV. u,8TeV e,8TeV u-+e, 8TeV 7+8TeV
Statistical 34 15 14 10 11
tt, single top quark rate 29 15 14 12 14
W /Z+jets, diboson rate 23 11 13 12 12
Multijet rate 9 3 5 2 2
Lepton efficiency 14 1 2 1 3
Hadronic trigger 5 — — — 1
Luminosity 10 5 6 4 6
JER & JES 66 39 29 34 18
b tagging & mistag 34 15 14 14 16
Pileup 6 11 7 9 7
Unclustered Ft 5 8 2 6 5
IR, M Scales 54 34 31 30 28
Matching thresholds 43 11 12 7 17
PDF 12 8 7 7 9
Top quark pr reweighting 3 5 7 6 6

Total uncertainty 115 64 54 55 47




Search for s-channel @ 7+8TeV,JHEP09(2016)027

Acceptance (%)
Multijet s channel

Lepton Event category

2-jets 1-tag 38 "o
M 2-jets 2-tags 50 92
3-jets 2-tags 30 74
2-jets 1-tag 29 58
e 2-jets 2-tags 60 o2
3-jets 2-tags 40 68
Process u,7TeV u, 8TeV e, 8 TeV
tt 1380 =80 4960 =340 4290 £ 300
W+jets 150 == 30 580110 620+£110
Z +jets 22+7 160 +=40 90 £ 30
Diboson 3+3 59+ 16 46 =13
Multijet 70 £20 130 =40 290 4= 60
tW 376 149 =19 130416

t channel 135416 570 =50 420 =40

s channel 129+5 452 + 16 347 +12

Total MC 1920+110 7060 +370 62404320

Data 1883 7023 6301 32
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