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Introduction iPHC

e ph#! E\HTD&J l

 The top-quark is the heaviest observed particle. , ,
proton - (anti)proton cross sections

10° L A S 1) £ PR 3 10°
- Inmany aspects, it is of a special interest for 0 f o et :dito!
particle physics : ol ; L.

Tevatron LHC.
— Decays before it hadronizes : measurement of top- 1
quark properties,

— Large coupling with the Higgs-boson,

— Precision measurements : search for deviations and
understanding of MC generators, theoretical calc.,

— Important for direct BSM searches : signatures with
top quarks, backgrounds,
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« Copiously produce at the LHC ! (=5.106 top pairs)
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Top-quark analyses in tt events (IPHC
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Top-quark analyses in £t events (IPHC
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. cross-seption: inclusive and
differential,

« Charge asymmetry,

- tt spin correlation,
top polarization

« Anomalous ttg couplings...
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Top-quark analyses in tt events QIiHC

JRIEN
STRASBOURG

 Top-quark mass,
 Top-quark charge,

« W-helicity,

« Anomalous
tWb

 Anomalous top-quark
decay (FCNC/H),

e Measurement of R

(CKM) ... couplings...
cross-section: inclusive and
differential,

« Charge asymmetry,

- tt spin correlation,
top polarization

« Anomalous ttg couplings...
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Top-quark analyses in tt events QIiHC

JRIEN
STRASBOURG

 Top-quark mass,
 Top-quark charge,

« W-helicity,

« Anomalous
tWb

 Anomalous top-quark
decay (FCNC/H),

e Measurement of R

(CKM) ... couplings...
cross-section: inclusive and
differential,

......... : I 1 iy « Charge asymmetry,

jf - tt spin correlation,
= top polarization
« Anomalous ttg couplings...

TesssssssessEEsEEEEREEsEEEnnn ,.JK..'..’....: : t
g e y—a— t | g
« Calibration of b-tagging algorithms, ‘
. . . g pwooop———
* In situ jet energy corrections... g t q t

a) b) c)
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Top~quark analyses in single~top events IPHC

e Pl

STRASBOURG

« Cross-sections of t, s and tW channels, o /
« Top/anti-top quark cross-section ratios,
 Measurement of [Vtb|,

 Anomalous tWb coupling,

 Top polarization,

« Anomalous single-top-quark production
(FCNC/H),

/
/ UV
/

/ i

t-channel s-chamnnel
q t

b II’--ﬂl""‘h"""ﬁ.- W
Wt associated production See James Mueller’s talk 26/08/2014 7
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tt cross-section in dilepton
: (iPHC
8TeV, L=5.3 pb TOP-12-007 b

* Most precise measurement in the 212000 oo ve—orevt —samt | oo
. s =8TeV,L =5. vV ,
dilepton channel. 8 [ s channel SNonwz

« Event selection : dilepton-trigger,
2 isolated leptons (Z mass veto), =2 jets,
2 1 b-tagged jet, large missing E; (MET,
only for ee and pp).

o
.4,_
« QCD multijets background estimated k=
using fake-rate method, Z+jets 06— =7
background estimated using a control Jet multiplicity
region enriched in Z events. £ A
L 8000~ ¢v+ channel [LNonwiz |
L r I Ssingle t

6=239.0+2.1(stat)11.3(syst.)£6.2(lumi) pb | eocor

4000/

o= 9.8% I
+  Simple cut&count method. o - 2000}

 Main systematics : Jet Energy Scale
(JES), signal modeling (renorm./fact. o
scales, matching). .
o

0.6~ ) 7 > s3
b-jet multiplicity 9
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Top mass with lepton+jets events

]

ts
e top

=1
8Tev’ L=19.7 fb TOP-14-001
- CMS Preliminary, 19.7 fb'l', Is = 8 TeV, l+jets.
« Measurement of the top-quark massin & ™%t &= =
the lepton+jets. g 0%k [ dunmacnes *
S  sooof g
S_E'J 60005 ﬁ

« Event selection : 1 lepton (e or ),
24 jets, 2 b-tagged jets
=> high purity sample (=95%).

« Kinematic fit : constrains 4-momenta,
improves the correct jets-parton
assignments (cut on the goodness of fit).

« Top-quark mass and Jet Energy Scaling
Factor (JSF) simultaneously estimated
using a likelihood fit (Ideogram).

un
JSE

172.04 4+ 0.19 (stat.+JSF) £ 0.75 (syst.) GeV,
1.007 + 0.002 (stat.) + 0.012 (syst.).

G, = 0.77 GeV
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Top mass with lepton+jets events .
8TeV, L=19.7 fb"" (B

| 6mP (GeV) SJSF | 6m'P (GeV)
Experimental uncertainties
Fit calibration 0.10 0.001 0.06
pr- and -dependent JES 0.18 0.007 1.17
Lepton energy scale 0.03 <0.001 0.03
MET 0.09 0.001 0.01
Jet energy resolution 0.26 0.004 0.07
b tagging 0.02 <0001 0.01
Pileup 0.27 0.005 0.17
Non-tt background 0.11 0.001 0.01
Modeling of hadronization
Flavor-dependent JSF 0.41 0.004 0.32
b fragmentation 0.06 0.001 0.04
Semi-leptonic B hadron decays 0.16 <0.001 0.15
fw Modeling of the hard scattering process
L PDF 0.09 0.001 0.05
= Renormalization and
3 . 0.12+0.13  0.004+0.001 | 0.25+0.08
o factorization scales
A~ ME-PS matching threshold 0.15+0.13  0.003£0.001 | 0.07£0.08
2 1 [ME generator 0.23+0.14  0.003+£0.001 | 0.20=0.08
@) Modeling of non-perturbative QCD
= | Underlying event 0.14+0.17  0.002+£0.002 | 0.06+0.10
el Color reconnection modeling 0.08:£0.15  0.002+0.001 | 0.07+0.09
@ Total 075 0012 | 129
26/08/2014 12
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t=channel cross-section .

(IPHC
8TeV, L=19.7 fb"' . op.n3s %
« Dominant single-top process. u,c ‘ecdx\'\“% d,s

« Event selection : single-lepton trigger,
1 isolated lepton (e or y), large MET and
transverse mass m, 22 jets.

« Signal and background extraction : = Dy
. . : ¢
— Signal region, 2jets-1tag, reconstructed
M =M, 10 CMS, s = 8 TeV, L = 19.7 fb", muon, 2-jet 1-tag
— control regions to constrain the & P e
backgrounds, njets+mtag, reconstructed 3 - B t-channel
mmb# mt, § e [t tw, s-channel
. . w B WiZ+jets, dibosons
— Cross section from a fit on n of the 4 []QCD multijet

Syst. uncertainty

recoiling light-jet.

« Main backgrounds : tt, W+jets, tW, QCD
(fit of MET and m). 1

@ See James Mueller’s talk | | | o,
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t-channel total cross section [pb]
=

t-channel single-top-quark production

¥ CMS,L=19.7 b
- ¢ CMS,L=1.17/1.56 fb
" Y po,L=97"

CMS, {s=8TeV,L=19.7 fb™

B nl2 T r
[ 4 CDF,L=32" P ]
E -
=
3 - A E
3 ]
‘-6 09 E ]
i 08 L L N
- T 8 .
Vs [TeVv]
| ——— NLO QC[}e[Fﬂathrsdien'le"{}g (scale ® PDF) ]
= Gampbell et al., JHEP 10 (2009) 042 =
NLO+NNLL QCD + (scale & PDF} -
Kidonakis, Phys. Rev_ D 83 (2011} 091503 -
_II|||||||||||||||||||||||||||I||||||||||||||_
1 2 3 4 5 6 7 8 9 10
Vs [Tev]

CMS
1.95 £0.10 (stat.) = 0.19 (syst.)

ABM11
CT10
CT10w
HERAPDF
MSTW2008

NNFDF 2.3

@ 1

1.2 14 1.6

Rion = 6, (Vo ®

t~-channel cross~section (2)

IPHC

Institut HWM’E
STRASBOURG

TOP-12-038

Dominant systematic : signal
modeling, jet selection, b-tagging.

Inclusive single-top-quark production

cross section :

O-ch, = 83.6 = 2.3 (stat) = 7.4 (syst) pb

top ant anti-top cross section ratio
=> probe PDF sets.

Or.ch () /0ren (t) = 1.95 £ 0.10 (stat) £ 0.19 (syst)

Measurement of [Vtb]. [Vl [Vis| < [Vip]

| fiv Vin| = 0.998 + 0.038 (exp.) £ 0.016 (theo.)

At 95% C.L.

See James Mueller’s talk 26/08/2014
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Observation of the tW channel ionc
8TeV, 12.2 fb" TOP-12-040 Q—“‘“"@

* First observation in the di-leptonic channel. CMS, Vs = 8TeV, L=12.2 fb’

=
"

ZZ7 Uncertainty H

 Event selection : very similar to the tt

NN

dilepton cross-section. @ %%
—
4b]
| _ T /
« Signal and control regions :
— Signal : 1jet-1tag.
— Backgrounds and b-tag efficiency : 0
2jets-1tag,2jets-2tags, 1j1t 2j1t 22t
Region
: : : . oMS, s —8TVL122fb111t
« Signal extraction : fit of a BDT discriminant. 700 E e .JData e
600 E;Z'fiv
. - . ¥y *+Hets
« Main backgrounds : tt (estimated from the 500 o Ot ainty |

fit) , Z+jets (rescaled using events
compatible with a Z decay (MET)).

 First Observation :|6.10, 23.4+5.4 pb

'I\I‘I\\I‘IH\‘\III‘H\IlIH\|\I\I‘O

@ See James Mueller’s talk -%.4 -0.3 -0.2 -0.1 0] 01 02 0.3 16

BDT discriminant



Top~-quark “properties”
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tt spin correlation and top fon
polarization 7TeV, 5.0fb™" 1or-13.003 bﬂ”’“’

* In the dileptonic channel : leptons have the highest spin analyzing power.
- Event selection : very similar to the tt dilepton cross section analysis.

« Event reconstruction : constrains from W, top masses, PDF.

» Unfolded at parton level and compared to theoretical predictions.
« 1) Ag(ll), 2) cosB*, 3) cosb*,, cos 8*_=> good agreement with the SM.

CMS 5 o’ at \s 7 Tev CMs, 5.0 fb'at Vs =7 Tev CMS 5 o fb at us 7 TeV
— = T T T I I e e B R T T T [ T T T T [ T T T T T T T T ] I T L
+J_' C W Bernreuther & Z G Si == (Data-bkg.) unfolded _| i —=%— (Data-bkg.) unfolded g 1.8 L W Bernreuiher & Z G Si - (Data bkg. )unfolded
‘<9:]‘ 0.5 :_ ::I:;.:rm:]ther . Syst. uncertainty u & 0.65- Syst. uncertainty i % 16 :_ \(:': e, )1h 87.G.Si Syst. uncertainty
-~ r -G. ] L ] or ernreuther i ]
o 0.45 T (uncorrelated,p =m,) = MC@NLO parton level 7 8 r 2 —— MC@NLO parton level 8 [ (uncorrelated, p =m,) —— MC@NLO parton level |
g 0-45¢ 1 5 06 1o 14 .
L e . .
© C = r 1 &+ C o
5 - © C 1L ==
© 04F 1 4 B 1@ 12F .
= o 0.5 18 &
|- —~ - — B
0.35- B ) 15 1F 3) -
L | 1 L - = C
r —te 0.5= 1 | ' e 08L B
0.3 . = F 1o F
—t 0.45- 13 o6F - E
0255 o = : ] i
I 0 4: ] 0.4r =
0.2F — r . u ]
C ol b e b b v e LA 035 __ T R T T T R R R T A R R R —_ |
0 0.5 1 1.5 2

1 1 1 1 1 | 1 1 1 |
25 3 -1 -05 0 0.5 1 . 0 05 1
A¢,(radians) cos(67) cos(6}5) cos(67)
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Limits on CMDM from o
the tt spin correlation (25

CMDM/CEDM model from effective lagrangian.

o

Wi - dt ~ Ty & o
Lorf = —%fﬂ“”T“fG“ — %wi"”wT“fGﬁw pi(dy) = m—fﬁf(df)

- Effective Field Theory : new particles enter in loops of ttg diagrams.
« Loops can be modeled by effective operators (can probe heavy new particles).
- Example of loops contributing to CMDM (Re(,)):

t
SUSY g -

00000000 < !
g
J

t

« Expectations for some models (R. Martinez&al., Eur. Phys. J. C53 221 (2008),
Phys.Rev. D65 (2002) 057301)

Model 2HDM Extra-dim SUSY
@ Re(u,) -1.3x10-2 -1.9x10-2 =10-1

26/08/2014 19



1/ do/dAd

Limits on CMDM

o
IPHC
.' @ i %'ra

0.35

0.25

0.2

0.15

0.1

0.05

IIII|IIII|IIII|IIII|IIII|Ii.II|IIII|IIII|IIII|

"EW.Bernreuther & Z.-G.Si

[=]

Aol

0.42

0.4
0.38
0.36
0.34
0.32

0.3

0.28
0.26
0.24
0.22

V\ T
\
\

CMS Preliminary, 5.0 fb'at (s =7 TeV

Result of the fit

—— SM NLOW

=
I3

..0.5. L

=
]

=
=

(1/o)(do/d [A § )

01
02
03
o |
- W.Bernreuther & Z.-G.Si
_D_Su_l|||D?5|||||1||||1|-5|||||2||||2-|5||||:|3|

Aol
* Fit of the unfolded distribution with

2 templates : SM and NP. | o Requ)<<1

1 do _(1 do ) —|-Re(“)(l do )
Utﬂﬂ(ﬁgﬂ_ o d|Agny| SM . o d|Adn| NP

« Limits on the real part of the CMDM

-0.043 < Re(f;) < 0.117

26/08/2014
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$ecarch for FCNC in top decays "
8TeV, L=19.7 pb™  10r-12.037 Q—W

Search for Flavor Changing Neutral Current (FCNC) in top decays in tt events.
t—Zq highly suppressed by the GIM mechanism, any observation == new physics !

Event selection : dilepton trigger, 3 isolated leptons (2 0.s. compatible with a Z),
22 jets and 1 b-tagged jet, high MET and cuts on top mass. Backgrounds estimated
from samples with 0 and = b-tagged jets.

No excess over the SM background is observed. Limit on|Br(t—Zq) < 0.05%|at 95%
C.L. (combining 7+8TeV data), 0.09% expected.

[ tbz

tbZ _

> CMS, Vs = 8 TeV —— Data > CMS, /s =8 Te‘v’ —— Data ]
o] 10 = 1 3 10 S

= Line = 19.7 10 [ ]t>Za (B=0.1%) & Lint = 19.7 o’ [ ]t+Za (B=01%) ]
S B « S s B .
w B ow, iz w W, ttZ i
= =

L @

- >

LL L1

B

my; (GeV) My, (GeV) Hia 21
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$ecarch for top FCNC at CM$

IPHC

Institut Pi Ih Wm"t

Probe separately tZc¢ and tZu couplings using the charge asymmetry !

u/e # uje ¢
f ‘ ujc
o - , , o| .
tZ production through 2 types of anomalous couplings :
— t: Kq | — ;
Ot L= ) V25 T TL(fy PLt £ Pr)G G
g=u,c
— Zu(o)t: qu Fv( fL R
to Pi+£f'Pr)g Z,w | H h.c.
\ffw (f q f q )fi' pu

26/08/2014 22



« Event selection : 3 isolated leptons (2 o.s.
compatible with a Z), 21 jet, no more than
1 b-tagged jet.

« Signal vs background determination : BDT from
kinematic variables.

« Main backgrounds : WZ+jets, Z+jets, tt.

« Z+tjets estimated from a fit of the m..

* No excess over the SM background observed.
Limits from a fit of the BTD (WZ+jets floating).
couplings | Expected | Observed | B(t — gq/Zq)
Keut/ A 0.096 0.096 0.56 %
Kect / A 0.427 0.354 712 %
Kzut/ A 0.492 0.451 0.51 %

% Kzt / I\ 2.701 2.267 11.40 %

Events

1

1

95% CL Limit on o (fb)

$ecarch for FCNC in top production tZ,
7Tev’ L=5.0 fb"!

TOP-12-021

]

Qﬂm
STRASBOUR

CMS Preliminary 49 fb'at\s=7 TeV
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el gl
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CMS Preliminary, 19.1 o, \s=8 TeV

Y 7 I T T
S 900 === Data
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DATA/MC
o
1
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CMS Preliminary, 19.1 fb™", (s =8 TeV

a...F N
&014 __ m Prodicted N ' ----- __
= C — 5% CL Observed Limit ]
0120 s 95% CL Expected Linsit T ]
g C -ilﬁEIp.Li.ml't ! l
< 0 ] +20 Exp Limit ; S —
m B i : —
X 0.08— —
5 C B
©o0.0s

2

0.02

$earch for FCNC in top production ty, -~
8TeV, L=19.1 fb"

TOP-14-003

IPHC

Search for FCNC in single top ty in the

muon channel.

Event selection : single muon trigger,
1 isolated muon, 1 high p; photon, 21 jets
with 0-1 b-tagged jet.

Main background : W(y)+jets, estimated
from a control region.

Similar strategy as for tZ : BDT discriminant
and exclusion limits.

Exp. Obs.
Br(t—uy) 0.0279% 0.0161%
Br(t—cy) 0.261% 0.182%

26/08/2014

Institut Plyridisciplinaire
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 The CMS collaboration covers a wide range of

top-related topics.

« 36 publications : only a small subset was

presented in this talk.

« Alot of interesting physics still to be

investigated :

— More precision measurements : cross sections, 1o
mass, charge asymmetry, spin correlation...

— BSM searches : FCNC, anomalous couplings ... ¥
— Observation of rare top SM processes : tt+W/Z,

tZq, single top s-channel, 4 tops...

* New top processes (and new physics!!!) might
be accessible with the 13 TeV collisions !

30+

25

20+

0

Conclusions and prospective (IPH

Institut HWM'T‘

URIE
STRASBOURG

Measurement of the $tibar{t}$ production@

Measurement of top quark-antiquark pair...
Measurement of jet multiplicity distributions...
Measurement of the ratio $B(t...

Measurement of the t-channel single-top-quark
Measurements of the $tibar{t}$ charge.

Measurement of the $tibar{t}$ production...

Search for flavor-changing neutral currents.

Measurement of the top-quark mass...

Observation of the associated production...
) 9! g
Measurements of $tbar{t}$ spin correlatiops.,.
Measurement of the W-boson helici‘tygf')

Measurement of the $tibar{t}$ production..

Determination of the top-quark pole...
Measurement of masses in the
Measurement of associated production of,
Measurement of the $tbar{t}$ production...

Measurement of the $tibar{t}$ productiog

Search for Z' resonances decaying...

Measurement of differential iop-quark pair...

Search for resonant $tbar{t}$ production...
15 Measurement of the single-top-quark t-channel...
Evidence for associated production of...

Measurement of the top-quark mass...

Measurement of the top-quark mass...
Measurement of the $tibar{t}$ production...
Search for flaver changing neutral,
Inclusive and differential measurementz@f...

Measurement of the mass difference...
Measurement of the top quark...

O Measurement of the charge asymmetry...
O Measurement of the $tibar{t}$ Production...
Measurement of the f-channel single...

Measurement of the $tioverline{t}$ Production...
Measurement of the $tibar{t}$ production...

o First Measurement of the Cross...

S8 s
Fisé

o
fv‘i"!o

———
FFFFss
Figiis
§ & 5 4§ <

FFFEFEeses
S §8dssds
o o

30-?-5‘!0-?-5‘5

https://twiki.cern.ch/twiki/bin/view
/CMSPublic/PhysicsResultsTOP

Expected limits on
top FCNC at 14 TeV

B(t — Zq)

195 '@8TeV

300fb ' @14 TeV

3000fb ' @14 TeV

Exp. bkg. yield

3.2

26.8

268

Expected limit

< 0.10%

< 0.027%

< 0.010%

@

26/08/2014 25
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* Preliminary version. Still needs to :
— Search for typos,

26/08/2014 28



tt cross-section in tau+lepton, |

iPHC

8TeV, 19.6fb™ TOP-12-026 ~— =

T T 3
Vs =8 TeV, 19.6 fb'!
—+— data i
I ti dileptons =
B DY+diboson -
[ single top
[ misidentified T, |
B i — 11, +X =
[Z1total unc. 3

b-tag

>1200_[[[[[fff| [fllll T T T II_III T | T T II'||||'|_

8 | CMS Preliminary Vs=8TeV, 19.6 fb!

©1000[- —— data N

--1_,., B i — It +X

7] I it dileptons

= 800 @ DY+diboson |

[eb] I single top i

T 2 misidentified t,,
600 7 1total unc. -

fo0 150 200 250

300 350 400 450

My, [GeV]

Example of a more challenging channel :
dilepton with a hadronic tau (background for
charged Higgs search).

Event selection: single-lepton trigger, 1
isolated lepton (e or ), 1 identified and
isolated tau, =22 jets, = 1 b-tagged jet, large
MET.

Main backgrounds : QCD/W+jets with one mis-
identified tau, estimated using the fake-tau
probability.

Main systematic sources : tau selection and
energy scale, backgrounds, signal modeling.

o = 257 £ 3 (stat) = 24 (syst) = 7 (lumi) pb

— 0
Oioi=2- 170 bejognors 29




Top mass with full-hadronic events iPHC
8TeV’ L='802fb-' TOP-14-002 Immm‘hi‘:ﬁ”ﬂ:&mw

CMS Preliminary, 18.2 157, 15 =8 Tev « The same strategy followed for the top-quark
7O0F .tt correct ‘ E mass measurement in the all-hadronic channel.

l:| Background

E [t other e Data

« Event selection : 4-jets trigger, 26-jets,
2 b-tagged jets => low purity (=15%).

Events /5 GeV
(8]
S

200
1001 1 <« After kinematic fit and cut on the goodness of fit :
O L et =S purity =80%.
s 1 4 Hh..ﬂ Y ++++++ +++F+ ',
= %500 3?%” '[G;e\‘}?o « Main background : QCD-multijets
101 — modeled using a mixing technique (mixing
D 4 o016 B 2 toutt) - 1 randomly jets from a data-pool, random
1014 B oot permutations).
1.012 — Fraction of QCD estimated from the likelihood fit.
1.01
1.008
1.006 my = 172.08 £ 0.36 (stat.+JSF) £ 0.83 (syst.) GeV,
oo JSE = 1.007 + 0.003 (stat.) + 0.011 (syst.).
1 .= 0.90 GeV
0.998
0.996 « Main systematics : flavor dependence of JSF,

171 172 m:[?GSeV] pileup, JES, signal modeling. 26/08/2014 30



Inclusive tt cross section [pb]

ATLAS dilepton L = 4.6 fb”
CMS dilepton L= 2.3 f5"
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Ttbhar dilepton xs

Source ete™ utpu- eyt
Trigger efficiencies 41 3.0 3.6
Lepton efficiencies 5.8 5.6 4.0
Lepton energy scale 0.6 0.3 0.2
Jet energy scale 103 108 52
Jet energy resolution 3.2 4.0 3.0
b-jet tagging 1.9 1.9 1.7
Pileup 1.7 1.5 2.0
Scale (pr and pg) 5.7 5.5 5.6
Matching partons to showers 3.9 3.8 3.8
Single top quark 2.6 2.4 2.3
\'AY 0.7 0.7 0.5
Drell-Yan 10.8 10.3 1.5
Non-W/Z leptons 0.9 3.2 1.9
Total systematic 186 186 114
Integrated luminosity 6.4 6.1 6.2
Statistical 5.2 4.5 2.6

IPHC

oz /o (my = 172.5) = 1.00 — 0.009 x (m; — 172.5) — 0.000168 x (m; — 172.5)*

26/08/2014
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Ttbhar tautjets xs Q'i“g
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Top mass all jets

y
Institut Plyridisciplinaire
Q_ﬁ%@? 2

| 6m?P (GeV) S]JSF om!P (GeV)
Experimental uncertainties
Fit calibration 0.06 <0.001 0.06
pr- and 77-dependent JES 0.28 0.006 0.86
Jet energy resolution 0.10 0.001 0.01
b tagging 0.02 <0.001 <0.01
Pileup 0.31 0.001 0.30
Calorimeter JES of trigger confirmation 0.18 0.003 0.07
Non-tt background 0.22 0.002 0.08
Modeling of hadronization
Flavor-dependent JSF 0.36 0.004 0.30
b fragmentation 0.07 0.001 0.03
Semi-leptonic B hadron decays 0.12 <0.001 0.12
Modeling of the hard scattering process
PDF 0.02 <0.001 0.01
Renormalization and 0.19+0.19  0.004+0.002 | 0.18+0.14
factorization scales
ME-PS matching threshold 0.20+£0.19  0.002+0.002 | 0.09+0.14
ME generator 0.09+0.21  0.003+0.002 | 0.17+0.15
Modeling of non-perturbative QCD
Underlying event 0.13+0.28  0.000+0.002 | 0.11+0.20
Color reconnection modeling 0.00£0.25  0.000+£0.002 | 0.03+0.18
Total 0.83 0.011 1.05

26/08/2014



st Py

STRASBOURG

t=-channel xs @Hc

O-ch. = 83.6 = 2.3 (stat) = 7.4 (syst) pb

Rg/7 = 01.cn.(8 TeV) /opcn (7 TeV) = 1.24 £ 0.08 (stat) £+ 0.12 (syst.).

| fiv Vin| = 0.998 = 0.038 (exp.) = 0.016 (theo.)

Uncertainty source COich. (%)
Statistical uncertainty + 2.7
JES, JER, MET, and pileup + 4.3 V| > 0.92
b-tagging and mis-tag + 2.5
Le pton_ reconstruction/ frig. + 0.6
QCD multijet estimation + 2.3 Rich = Opren (£)/ 0 () = 1.95 + 0.10 (stat) + 0.19 (syst).
Wets, tt estimation + 22
Other backgrounds ratio + 0.3
Signal modeling +5.7
PDF uncertainty +1.9
Simulation sample size =07 Or-ch. (t) = 53.8 £ 1.5 (stat) = 4.4 (syst) pb,
Luminosity + 2.6 _ "
Total systematic 139 Oi-ch. (t) = 27.6 == 1.3 (stat) £ 3.7 (syst) pb.
Total uncertainty + 9.3
Measured cross section 83.6 = 7.8 pb

W 26/08/2014 35



T=channel xs d'i"c

st Py
STRASBOURG

Uncertainty source Trch. (t) (%) Ot-ch. (t) (%) Ri-ah. (%)

Statistical uncertainty + 2.7 +49 +5.1
JES, JER, MET, and pileup +42 +£52 + 1.1
b-tagging and mis-tag + 2.6 +26 + 0.2
Lepton' reconstruction/ frig. + 0.5 + 0.5 +0.3
QCD multijet estimation + 1.6 + 35 +1.9
Wijets, tt estimation +1.7 +3.6 +3.0
Other backgrounds ratio + 0.1 +0.2 + 0.6
Signal modeling +49 +94 + 6.1

PDF uncertainty +25 + 4.8 + 6.2
Simulation sample size + 0.6 + 1.1 +12

Luminosity + 2.6 +2.6 —
Total systematic + 8.2 + 134 +9.6
Total uncertainty + 8.7 +14.2 + 10.9
Measured cross section or ratio | 53.8 £4.7pb | 27.6 =39pb | 1.95 £ 0.21
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Ttbhar spin correlation limits IPH

Institut Hwilsc\ nmE

A N(ﬂ¢g+g— = T[/Z) — N(AQDE+{F— < TE/Z) B N([Zj[ﬂg = 0) — N(C][?g < U)
Ap — . . €1€2 — - -
? N(A¢pip- > 11/2) + N(Apprp- < 11/2) N(cica > 0) + N(c1c2 < 0)
N [cos(8;) > 0] — N [cos(8;) < 0
"7 Nc 0s(87) > 0] + N [cos(6;) < 0]
ISy
Asymmetry Data (unfolded) MC@NLO NLO (SM, correlated) NLO (uncorrelated)
Apg 0.113+0.010 + 0.006 =0.012  0.110 + 0.001 0.115* 9012 0.2101 953
Age —0.021 £0.023 = 0.025 = 0.010 —0.078 £+ 0.001 —0.078 £ 0.006 0
Ap 0.005 +£0.013 = 0.014 = 0.008 0.000 4+ 0.001 N/A N/A
Asymmetry variable Ang Acien Ap
Jet energy scale 0.002 0.012 0.009
Lepton energy scale 0.001 0.001 0.001
Background 0.003 0.001 0.006
Fact. and renorm. scales 0.001 0.010 0.004
Top-quark mass 0.001 0.003 0.005
Parton distribution functions 0.002 0.002 0.001
Jet energy resolution =< 0.001 =< 0.001 =< 0.001
Pileup 0.002 0.002 0.004
b-tagging scale factor =< 0.001 =< 0.001 0.001
Lepton selection =< 0.001 =Z0.001 = 0.001
T decay polarization 0.001 0.002 0.001
Unfolding 0.004 0.020 0.002
Total systematic uncertainty 0.006 0.025 0.014
Top pT reweighting uncertainty 0.012 0.010 0.008 26/08/2014 37




Ttbar FCNC Q'i

Source Uncertainty %

Renormalization/factorization scales 12
Parton distribution functions

tt cross section

Parton matching threshold

Lepton selection

Trigger efficiency

b-tagging

Top-quark mass

Jet energy scale

Missing transverse energy resolution
Pileup modeling

W W H= = 01 U1 & O NN

Total 20
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Summary of top FCNC search at CM$

.
Institut Plyridisciplinaire
Q_ﬁ%@? 2

7TeV 7TeV 7TeV | 7+8 TeV 8TeV
single top tZ | single top tq ttbar ttbar single top ty
Br(t—ug) 0.56% 0.0355%
Br(t—cg) 7.12% 0.0344%
Br(t—uZ) 0.51% 0.21% 0.05%
(u+c) (u+c)
Br(t—cZ) 11.40%
Br(t—uy) 0.016%
Br(t—cy) 0.182%

@

26/08/2014
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