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CMS, ,
Outline INFN

o

The CMS Experiment at the LHC

(¢]

Single top inclusive production measurements:
- The high precision t-channel measurements
- The tW channel observation
- The search for the s-channel

(o]

Single-top events properties:
- The charge ratio measurements
- The angular properties: W-helicity and top top polarisation

o

Summary
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The CMS detector INFN

Compact Muon Solenoid

Steel return yoke Inner tracking system
Total Weight: 14000t Silicon pixel and silicon strip detectors for
Overall diameter: 15m Charged particle tracks reconsrtruction
Length: 21m
Magnetic field: 3.8 Tesla Superconducting solenoid

Nobium-titanium coil generating a 3.8T field

Muon detector
Gas detectors for muon identification and
momentum reconstruction

Preshower
Silicon strips for precise s
photon identification

Forward calorimeter
For low-angle particle reconstruction
based on Cherenkov technology

Electomagnetic calorimeter
PbWO4 scintillating crystals
for electron and photon reconstruction

Hadron calorimeter
Brass/plastic scintillators for
hadron energy measurement
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The single-t INFN
e single-top processes o

o Single-top quark:

- electroweak top-quark t-channel W associated (tW) s-channel

production via charged current

processes q 9 WD Vg t
- Wt
- All channels are sensitive to "% b |
new physics b f
g b t t q b
J

- All channels cross sections:
proportional to [V

2.08+0.12 pb 0.22+0.08 pb 1.046+0.058 pb

64.6+2.1 pb 15.611.2 pb 4.59%0.19 pb

87.112.8 pb 22.2:1.5 pb 5.55%0.22 pb

* (N. KidonakisPhys. Rev. D 82, 054018 (2010) and arxiv:0909.0037

*¥('N. Kidonakis Phys. arXiv:1205.3453)
e
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Inclusive measurements
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The t-ch 1 INFN
e t-channe o

o Highest cross section at LHC, t-channel
with a factor ~30-40 gain w.r.t. the

Tevatron ,
q q

o Final state: a top quark, a light
jet and a soft b-jet

o Main backgrounds:
QCD, ttbar, W+jets

2.08+0.12 pb

64.6:2.1 pb
87.1+2.8 pb

* (N. KidonakisPhys. Rev. D 82, 054018 (2010) and arxiv:0909.0037
*¥('N. Kidonakis Phys. arXiv:1205.3453)
L ——
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CMS. N t-channel: ,@

: .8 TeV cross section .

%103 CMS, ys=8TeV,L=19.7 b '1, muon, 2-jet 1-tag

T T T | T T T T | T T T T | T T T T | T T T T | T T T T
® Data
Bl ¢ -channel

[Cltt, tw, s-channel
P WiZ+jets, dibosons

[]QcCD multijet
EX]Syst. uncertainty

arxXiv:1403.7366

o Selection based on leptonic top decays:

1
- Considering t - Wb - |lvb decay chain: 1 isolated

lepton and missing energy in the final state

Events/10 GeV

- Selecting events with 2 jets, 1 of which b-tagged, 0.6
coming from the top decay (the 2nd b is usually
softer). 0.4

«10° CMS, \E=8TeV,L=19.7fb'1, muon, 2-jet 1-tag
L L L B I I LA L I I

m —

o - ;Da'a 0 150 200 250 300 350 400
I - t-ch | - -

2 5 Df anne o Cross section extraction: m,, (GeV)
) tt, tW, s-channel

& I WiZ+ets, dibosons

[]QcD multijet
Syst. uncertainty

- W transverse mass and Et s to extract the
QCD multijet contribution.

- Reconstruct top quark and use its mass to estimate
W+jets.

<« - Fit o the pseudorapidity of the recoil jet to derive the
signal cross section

o
(4]
—
—
(4]
"]
=]
w
w
w
w
~
.
w
—
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3 analyses in the leptonic top decay channel:

o Multivariate analyses:

Events

300

250

200

150

100

50

t-channel:

o

2
c
g
o Analysis based on data-driven methods: -
- Fit to pseudorapidity of the light jet |r]j,| >
in the region with 2 jets and 1 b-tag (as for 8 TeV)
- Two analyses using a Neural Network (NN)
and a Boosted Decision Trees (BDT) discriminant
CMS|s=7TeV L=1.561b"
L L L L L L L L B (72}
[ Electron, "2-jets 1-btag" ] T
} + —e— Data { g
- + I t-channel . L
- [ tf, s-channel, tw ?
= I W/Z + jets, Diboson
E QCD multijet E
; -0.8 O.BI I 0.4I I -0.2 0 0.2 0.4
BDT output
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7 TeV cross section

)
INFN

JHEP 12(2012)035

CMSis=7TeV L=tazee'
350 Muon
300 —— Data —f
B t-channel .
250 + I, s-channel, tW
I W/Z + jets, Diboson
200 QCD multijet =
150 é
100 -
50 —;
00 05 1 1.5 25 3 35 4 45 5
.|
— ICIM\SI I“\s \= l7 ‘TIeY T | H l= ;'l‘sﬁ f\bl.l I LI I LI ‘ T T T | LI I T 1T 1T
200 f_ Electron, "2-jets 1-btag" —+— Data —f
180 f_ - t-channel _f
= + } [ tt, s-channel, tW e
160 Il W/Z + jets, Diboson
140 QCD multijet =
120 ;— —;
100 =
80F- :
60 —;
40 =
20
0 P IS v I s Vv T L oy
-1 -08 -06 -04 -02 0 02 04 06 08 1

NN output
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CMS,

o Cross section

~ t-channel cross section:
»“— results and |V, |estimate

)
INFN

(g

f-channel single top quark production

o = 67.2 6.1 pb

(t-ch.,7 TeV)

o = 83.6 + 7.8 pb

(t-ch.,8 TeV)

- Main uncertainties : signal modeling,
high |n| jet energy corrections

. - 10
o Cross section ratio:

t-channel total cross section [pb]

R lo =1.24 =+ 0.14

(8/7) = O-(t-ch.,8 TeV)" ~ (t-ch.,7 TeV)

° |V | measurement:

¥ CMS, L =19.7 fb"
¢ CMS, L=1.17/1.56 fb™
Y DO,L=9.7fb"
+ CDF,L =3.2

s NLO QCD (5 flavour scheme) £ (scale @ PDF)

-
[
Ll |||||||

—
-y
T

=
=)

/Oy o.nnLL aco §

=
=

7 B
Vs [TeV]
Campbell et al., JHEP 10 (2009) 042

NLO+NNLL QCD =+ (scale @ PDF)
Kidanakis, Phys. Rev. D 83 (201 1) 091503

P
%]

Assummg |th|’ |Vrs| << |th| - |th| - \/(O-t-ch

./Gt-ch):
7 TeV: |th| = 1.020 £ 0.046 (exp.) = 0.017 (theo.)

8 TeV: |V, | = 0.979 +0.045 (exp.) = 0.016 (theo.)

4 5 6 7 8 9 10
Vs [TeV]

JHEP 12(2012)035

arXiv:1403.7366

Combining the two yields:

V| = 0.998 £ 0.038 (exp.) =+ 0.016 (theo.)
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The W as.sociated INFN
production (tW)

o Huge gain at LHC wrt Tevatron:
factor ~100 increase in cross section

C

W associated (tW)
o Final state: a top quark and a W

boson, with the respective decays. b "L 4
- Cleanest signature: where both
t and W decay leptonically b r
o ttbar is by far the main
background, followed by Z+jets g f t
in the dileptonic channels. g

0.22+0.08 pb

15.6+1.2 pb

22.2+1.5 pb

* (N. KidonakisPhys. Rev. D 82, 054018 (2010) and arxiv:0909.0037
*¥('N. Kidonakis Phys. arXiv:1205.3453)
e
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CMS, ~  tW production:
@~ observation at 8 TeV

arxXiv:1401.2942
o Observed for the first time at CMS! CMS, Vs =8 TeV, '-.=.1.2.'2.f.b_.1’ 1j1t

700

® Data
v
Bl i
2y *+jets
I Other
Uncertainty

- Channels where both t and W decay leptonically:
2 opposite sign isolated leptons in the final state 600
500

o Define a multivariate discriminant using 2 400
characteristic kinematic variables to distinguish signal o
from ttbar Ly 800
200
o Jet counting is used to define a signal enriched v 100
region with 1-jet and 1 b-tag, and two control regions

with 2-jets and 1 or 2 b-tags. /\ 0. 3 02 -0 ap Pt 02 03

CMS, Vs =8 TeV, L=12.2 fb™", 2j2t CMS, Vs =8 TeV, L=12.2 fb’', 2j1t
L DL DL L L AL B T T T T T T T T T T

!lllllllllllllllllllIIII|IIII|IIII|

800 E ® Data 1400 r ® Data
= 1w A - W
B00E . 7 ] 12001 . 7
700 =y *+jets H C =y “+jets
E I Other H 1000 — Il Cther )
600 Uncertainty H . C Uncertainty [
w E | - -
"E 500[ = © 800 -
5] = B @ C ]
13} 400F = 11 600[ -
300 — C b
E = 400— —
200 — - ]
-%. 0.1 0.2 0.3 -%_ 0.1 0.2 0.3

BDT discriminant e BDT discriminant
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f INFN

Gvs.  ~»  tW production: .
\ «.cross checks and results C

o The observed significance is 6.1 standard CMS, \s = 8 TeV, L=12.2 fb”, 1jit
deviations soor 1T T e Data
- 700 7 Egv
o The 8 TeV measured cross section is measured : 2 &0 2y et
< 500§ 77Z) Uncertainty |
O w6 7ev) = 23.4 £+5.4pb 2 4002 E
o 300F 3
. _ . L : E
- Main uncertainites: modeling of the ttbar background, 2008 g
top mass o8 | E
00 20 40 60 80 100 120 140 1295180 200
o Extracting |[Vtb]> from this channel yields: _ | & [GeV]
14000 é?ﬁtﬁ
N I .
Vip| = Jow /ot =1.03 £0.12 (exp) £ 0.04 (th.) 120001 7 "
t 10000—_ FZ4 Uncertainty  H
[12] B
_ = E
o Two cross-check analyses, one based on the fit to 2 2 %
. L
the pt of the system composed by leptons, jets and

ET miss, the other on event counting, provided

consistent results

arxXiv:1401.2942

Alberto Orso Maria Iorio
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The s-channel

o The most rare of the three at
LHC, comparable with the t-channel
at Tevatron (where it was recently
observed)

o 1 top and 1 b-jet in the final state

o Overwhelming backgrounds:
tt, QCD, W]Jets and t-channel

o Very sensitive to new physics:
new mediators, charged higgs...

* (N. KidonakisPhys. Rev. D 82, 054018 (2010) and arxiv:0909.0037
*¥('N. Kidonakis Phys. arXiv:1205.3453)
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s-channel

W+

1.046+0.058 pb

4.59+0.19 pb

5.55+0.22 pb
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CMS,

o Selection based on leptonic top decays:

- Requiring 1 lepton, 1 b-jet from top and Et miss

plus 1 b-jet

- Control regions for ttbar requiring 1 extra jet

q t
>%< The s-channel search

)
INFN

CMS Preliminary, 19.3 fb '1, Muons, Vs = 8 TeV

2500

Events /0.015

2000
1500

1000
4>

- QCD control regions obtained with different isolation 5%

requirements on the lepton.

CMS Preliminary, 19.3 fb '1, Electrons, Ys = 8 TeV

900 FT T T AN

Events / 0.06

-0.8 -0.6 -0.4 -0.2
BDT Discriminant

[ ]s-channel
Blt-channel
[tw

Ot
BZ+jets
PW+jets

B Diboson
fJQco
FSyst. unc.

Rate syst.

-

T IR B
+data

[ ]s-channel
B t-channel
Cltw

Ot

B Z+jets
PEW+jets

B Diboson
Jacb

] Syst. unc.
Rate syst.

= [TTTT

8.

the signal yield

5 -01-005 0 005 01 015 02 025 03

BDT Discriminant

. Fit to a multivariate discriminant to get

o An upper limit on the cross section is extracted:

oo < 115 (17.0.

9.0) pb @95%CL

the 68% CL on os.¢, Yields;

Oech, = 62727 pb

- the dominant uncertainties come from the
modeling of the ttbar background

Alberto Orso Maria Iorio
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https://cds.cern.ch/record/1633190

Properties and differential
measurements

Alberto Orso Maria Iorio
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q q h 1 /-)
t-channel:
w
s INFN
.+~ charge asymmetry C
.y N u(d) d(u)
o top quark charge: inherited from the quark in the initial state
- dependencyon proton parton distribution functions W
o Fitto |r]j,| performed on positively and negatively charged leptons B
- main uncertainties: signal modeling and PDF (acceptance) b(b)
Te\‘l, L=19.7 fb ', muon +, 2-jetl1‘-tilag.‘_,‘ t(t)

«10° CMS, Vs =8
SN R I

§ ‘I“+D‘aial T —E
g 25 T - N CMS, L =19.7fb", {5 =8 TeV
o l-l -V\;IZ+j‘ets. dibosons E T
2 []QCD multijet —
5] Syst. uncertainty E CMS
13 E 1.95 4 0.10 (stat.) £ 0.19 (syst.)
Ratio measured: 1 E ABM11
05 =
] CT10
o(to pS) °%. 5 2 25 3 35 4 45 5
7.1
» «10° CMS, ys =8 TeV, L =19.7 fb ', muon -, 2-jet 1-tag ! 4’ CT1 OW
o(anti-tops) S 25 Moo HERAPDF
5 — -ti, tW, s-channel E
oz u 5:::2::’:;‘:;:050"5 E MSTW2008
15 £ syst. uncertainty _f
] NNPDF 2.3
1 .
E L L L ‘ L L L | L L L | L L
arxXiv:1403.7366 > E 1 12 14 16
s
A
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CMs, 'W-polarisation in single-top ,@

: . t-channel enriched events (.-

o W-helicity: fraction of left (F;), right (Fg) and longitudinally (F,) polarized Ws is predicted
by the SM and it's sensitive to anomalous tWb couplings

o Reflects on the angular distribution of the lepton and the W-boson in the W rest frame

1 dr 3 3 3
£y _ #32 %42 -2 n#
plcost) = T icosdr — E{l —cosf; )" Fp + E(l + cost; )°Fg + 1 50 6 Fy
[
CMS-PAS-TOP-12-020
CMS preliminary, 5.3 fb ' at Vs = 8 TeV
% L +da:13 nnel
coso* § 600 —iﬂ’.‘i‘;‘;‘.‘"
E - —gi-b n
[\ l 5 500:— -V\!+JZTSO
C N v /Z+Jdets
C Qcb
400 — Stat. Unc.
') \ p 300
P vl 200
t 100

__________________________ 1 1 1
0T o8 -06 -04 02 0 02 04 06 08 1
cos(9")
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— v g . . . /)
M _
TN W polarisation in the INFN
; , t-channel: 7 and 8 TeV C
o Fit to the cos0;*: 0.6 e ————
- same event selection as the cross 0.5 o 31”

—+— SM @ NNLO in QCD
Phys.Rev.D81(2010)111503

section measurement

0.4

- A point in the (F}), (Fy) plane is obtained ——» L

:h-?‘l“l‘l"I‘I“l““l“lll“l‘

Bl @95%cL from the measurement of (F,Fy)
Bl @ss%cC.L

e Bestfit

LL 0.3
- Fit procedure mostly affected by W+]Jets 0.2
modeling and Jet and MET uncertainties
0.1
_ CMS preliminary, 7 TeV & 8 TeV
L 0 05 06 07 0.8 0.9 1
C Fo
0.5/
- o Constraints to anomalous couplings:
=
.o.sf_ - Extracted limits on non SM tensor couplings (G;,Gg)

-1.5

o
[o2]
s
o
oL
(=]
»

0.2 ;q;?g' )‘ 02 04 06 08 CMS-PAS-TOP-12-020
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CMS, to uark polarisation an
< 5 top-qualk p INFN
g . in t-channel events C
o Top quark decay products distributions stems from the V-A nature of the coupling:
dl’ I 1
_— 1+ Piuxycosfy) = + Ay cosb
d cosfx 2( X X) = (2 X x)

- 8x = angle between the top decay product X and the top spin axis

- Ax = spin asymmetry, depends on the top polarisation P;
o We measure: 0 * in leptonic top decays: oo B e

600 ;gf : | : |

H diboson
QCD

-~

400 {:}stat+sys1 E
b . P
200
V
- -0. } 1
\ cos 6%
% r i i
6* (in the top l L PN SEPUS S — = s St St SRV SNSRI ST TEEEE
rest frame) g o Z e PP PR S e B T T S o e St S SGG G ]
= 7171_ -0.8 0.6 0.4 0.2 8] 0.2 0.4 0.6 0.8
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Ews, W top -quark polarisation ,@

. in t-channel events .-

=103 %103
:i T T - - r - T 1' T T :i B T T T T r -~ -+~~~ T T ]
CU. - CMS preliminary \s = 8 TeV, L = 20 fb’ . CU N CMS preliminary \s =8 TeV, L = 20 fb™ |
B A =0.42 + 0.07 (stat.) £ 0.15 (syst.) 1 200 [ A =0.31+£0.11 (stat.) £ 0.23 (syst.) N
200 « unfolded data n [« unfolded data i
| W generated (POWHEG) 4 - @ generated (POWHEG) e
i “Z.generated (CompHEP) -oroemeeees 150 22 generated (CompHEP) B
i 7 100 i
i i 50 B e e e, __
O 1 1 1 1 | 1 1 1 1 ] 1 1 1 1 | 1 1 1 L O i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
-1 -0.5 0] 0.5 *1 -1 -0.5 0 0.5 1
cos 0 cos 6~

o From the unfolded cos 6* distribution 4, is obtained :

N(cos quﬂrmfd > 0) — N(cos er}ufm'dfd <0)

A= . S = 0.41 £0.06(stat.) £ 0.16(syst.) = 0.41 £0.17
N{cos wam.d{,d > 0) + N(cos Suufm.d{,d < 0}

o And the top polarisation:
P; = 0.82 £ 0.12(stat.) £ 0.32(syst.)

- main systematics: jet energy scale and resolution, QCD multijet estimation.
B
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CMS a S l@
ummar
y (G

o An overview of the single-top measurements performed by CMS has been presented.

o Precision inclusive cross section measurements performed both at 7 and 8 TeV for
the t-channel single-top quark production were shown, and a combined measurement of
the CKM matrix element |Vy| was performed.

o The first observation of the tW production mode was reported. This important
milestone paves the way for future properties studies in this production mode to
complement the existing measurements in the t-channel.

Alberto Orso Maria Iorio 21



CMS,

<

Summary

)
INFN

(g

o The search for the s-channel allowed to set upper limits to the SM cross section also

at LHC.

o Properties of single-top events in the t-channel, like ratio of produced tops over

antitops , the W-helicity fractions, and the top polarisation, were measured.

o All measurements display an overall agreement with the standard model prediction.

G [pb]

02

"y

10

107

102

ICMSI Prelilminaliry
Single top-quark production

*

tw

s-channel

Approx. NNLO Kidonakis, PRD 83, 091503 (2011)
CMS, JHEP12(2012) 035

CMS, to be sub. to JHEP

Approx. NNLO Kidonakis, PRD 82, 054018 (2010}
CMS, Phys.Rev.Lett 110, 022003 {2013)

CMS, PAS-TOP-12-040

Approx. NNLO Kidonakis, PRD 81, 054028 (2010}

CMS, PAS-TOP-13-009 (FC interval) |
] ] ] ]

| |
8 g 10 11 12 13 14
Vs [TeV]
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Thanks!
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Backup

Alberto Orso Maria Iorio

24



Systematics tables for the inclusive
Cross section measurements

Uncertainty source NN BDT [
Statistical —6.1/+5.5% —4.7/+5.4% +8.5%
£ | Limited MC data —1.7/4+2.3% £3.1% +0.9%
= | Jet energy scale —0.3/+1.9% +0.6% —39/+41%
T: Jet energy resolution —0.3,/+0.6% +0.1% —0.7/+1.2%
E Z | b tagging —2.7/4+3.1% +1.6% +3.1%
2 E | Muon trigger + reco. —22/+2.3% +1.9% —15/4+1.7%
:; 2 | Electron trigger + reco. —0.6,/+0.7% +1.2% —0.8/+0.9%
< & | Hadronic trigger —1.3/+1.2% £1.5% +3.0%
3z Pileup —1.0/40.9% +0.4% —0.3/+0.2%
= B, modelling —0.0/+0.2% +02% +0.5%
o Wjets —2.0/+3.0% —3.5/+2.5% +5.9%
= ; ” v -
= @ light flavour (u, d, s, g) —0.2,/40.3% +0.4% n/fa
@ heavy flavour (b, ¢) —-19/+29% —-35/+2.5% n/a
e |t —0.9/40.8% +1.0% +3.3%
-
5 QCD, muon +0.8% +1.7% +0.9%
QCD, electron +0.4% +0.8% —0.4/+0.3%
s- tW ch.. dibosons, Z+jets +0.3% +0.6% +0.5%
Total marginalised uncertainty —-T.7/4+79% —7.7/47.8% n/fa
Luminesity +2.2%
*Ef Scale, tt —3.3/+1.0% +0.9% —4.0/+2.1%
= £ | Scale, Wjets —28/+03% —0.0/+3.4% n/a
% = | Scale, t-, 5-, tW channels —04/+1.0% +0.2% —-22/+2.3%
=~ | Matching, tt +1.3% +0.4% +0.4%
< g | t-channel generator +4.2% +4 6% +2.5%
“ & | PDF +1.3% +1.3% +2.5%
Total theor. uncertainty —6.3/+4.8% —49/+59% —56/+4.9%
Syst. + theor. + luminosity uncert. —B.1/+7.8% —B.1/+8.4% +10.8%
Total (stat. 4 syst. + theor. + lum.) | —10.1/49.5% —9.4/410.0% +13.8%

Alberto Orso Maria Iorio
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7TeV t-channel cross section

< JHEP 12(2012)035

8TeV t-channel cross section

arXiv:1403.7366

Uncertainty source inpb relative
Statistical 157 72%
Wjets and ttmodeling 36 +45%
JES —62/+47|-78/+58%
JER —08/+03]-10/+04%
Unclustered Bt —08/+407|-10/+09%
Pileup -05/+03|-06/+04%
Muon trigger + reconstruction | — 4.1/ 440 | =51/+51%
Q@ £25 £3.1%
t, rate -15/4+17[-19/+21%
QCD, rate +07 109 %
t—channel generator 44 55 %
Other backgrounds, rate 0.5 106 %
b-tagging 37 4.6 %
PDF +37 46 %
Simulation statistics 118 £22%
Total systematics +11.0 137 %
Luminosity uncertainty 140 £50 %
Total 1130 £163%
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CMS, , )
Systematics tables: tW INFN

8TeV tW cross section

arXiv:1401.2942

Systematic uncertainty Ao (pb) Ac/or Notes

ME/PS matching thresholds 33 14%  Matching threshold 2x and 1/2x nominal 20 GeV value in tt simulation
Renormalization/factorization scale 29 12%  Scale value 2x and 1/2x nominal value of m? + ¥ p% in ttand tW simulation
Top-quark mass 22 9%  my varied in tW and tt simulation by =2 GeV

Fit statistical 1.9 8%  Remaining uncertainty in fit when all other systematic uncertainties are removed
Jet energy scale 0.9 4%  Jet energy scale varied up/down

Luminosity 0.7 3%  2.6% uncertainty in the measured luminosity

Z+jets data /simulation scale factor 06 3%  Varying scale factors used for correcting Z+jets E‘.}‘iss simulation

tW DR/ DS scheme 05 2%  Difference between DR and DS scheme used for defining tW signal

tt cross section 0.4 2%  Uncertainty in the cross section of tt production

Lepton identification 04 2%  Uncertainty in scale factors for lepton efficiencies between data /simulation
PDF 0.4 2%  From choice of PDF

Jet energy resolution 02 1%  Energy resolution for jets varied up /down

b-tagging data /simulation scale factor 02 <1% Variations in scale factors

tt spin correlations 0.1 <1% Difference between tt simulation with/without spin correlations

Pileup 0.1 <1%  Varying effect of pileup

Top-quark pt reweighting 0.1 <1%  Uncertainty due to differences in top quark pr between data and tt simulation
EMS modeling 0.1 <1% Uncertainty in amount of unclustered EF

Lepton energy scale 0.1 <1% Uncertainty in energy of leptons

Total 55 24%
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CMS,

Systematics: t-channel event

properties measurements

8TeV: cross sction by charge

and charge ratio

arxXiv:1403.7366

¢

Uncertainty source Gan(t) () | Gan(t)(%) | Regn (%)
Statistical uncertainty 27 49 51
JES, JER, MET, and pileup 42 52 11
b-tagging and mis-tag 26 126 102
Lepton reconstruction,/trig. 105 105 03
QCD multijet estimation t16 135 +19
Wiiets, tt estimation t17 136 130
Other backgrounds ratio 01 102 106
Signal modeling 49 94 6.1
PDF uncertainty 25 T48 6.2
Simulation sample size 106 11 112

Luminosity 26 126 -

Total systematic 82 134 196
Total uncertainty 87 142 £109

Measured cross section or ratio | 538+ 4.7pb | 27.6 £39pb | 195 £0.21

7+8TeV: W polarisation

CMS-PAS-TOP-12-020

)
INFN

(g

Top polarisation

CMS-PAS-TOP-13-001

¢

Uncertainty source ) Ar A7
generator 0.025 | 0.009
Q? scale t-channel 0.024 | 0.055
. Q7 scale, tt 0.015 | 0.005
Systematic source AF | AF, Q2 scale, Wjets 0.036 | 0.038
top quark mass 0.058 | 0.042
Wjets shape 0.016 | 0.007
JES 0.007 | 0.007 Wjets flavour 0.005 | 0.008
JER 0.011 | 0.003 top pr, ti 0.010 | 0.025
unclustered energy 0.018 | 0.010 matching, tt 0.028 | 0.052
pileup 0.002 | 0.002 matching Wijets ppicrdl iy
b-flavored scale factor 0.003 | 0.001 JES 0.074 | 0.072
non-b-flavored scale factor | 0.001 | 0.002 JER 0.016 | 0.179
single-top generator 0.005 | 0.009 unclustered Fr 0.013 | 0.006
1 0.006 | 0.008 lepton ID and isolation 0.001 | 0.002
Qz scale . . lepton trigger 0.001 | 0.002
Myigp 0.001 | 0.001 pileup 0.015 | 0.002
PDF 0.003 | 0.003 b tagging U-Dﬂi 0.009
= T mistagging 0.001 | 0.003
tt normalization 0.003 | 0.002 lepton weight 0.001 | 0.009
QCD ShaPe 0.003 | 0.003 anti-isolation range of QCD || 0.010 | 0.053
Wjets shape 0.012 | 0.011 QCD fraction 0.092 | 0.028
integrated luminosity 0.010 | 0.010 background fractions 0.007 | 0.018
— unfolding bias 0.002 | 0.003
SM W-helicity reference | 0.002 | 0.001 total systematics 015 | 023
| total systematic uncertainty | 0.030 | 0.023 | statistical 0.07 | 0.11
total 0.17 | 0.26
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