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The Top Quark in the Standard Model

Leptons

cfr. presentation of Roberto Tenchini
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Top quark pair cross section

CMS PreliminaryN's = 7 TeV

CMS e/u+jets

Phys. Lett. B 720 (2013) 83
(L=2.2-2.3/fb)

CMS dilepton (ee,uu,ew)
JHEP 11 (2012) 067 (L=2.3/fb)

—@
CMS all-hadronic
arXiv:1302.0508 (L=3.5/fb)

——0
CMS dilepton (et,ut)

Phys. Rev. D 85 (2012) 112007
(L=2.2/fb)

CMS t+jets
arXiv:1301.5755 (L=3.9/fb)

158+ 2+10+ 4

(val. = stat. + syst. = lumi.)

162+ 2+ 5+ 4

(val. = stat. + syst. = lumi.)

139 +10+26+ 3

(val. = stat. + syst. = lumi.)

143 +14+22+ 3

(val. = stat. + syst. = lumi.)

152 +12+32+ 3

(val. = stat. + syst. = lumi.)

"1 NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254
[0 Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034

[ Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097

C— I NLOQCD

CMS Preliminary,\'s = 8 TeV

50 100 150

200 250 300

o(tt) (pb)

CMS prel. (e/u+jets)
TOP-12-006 (L=2.8/fb)

CMS prel. (ee,uu,eu)
TOP-12-007 (L=2.4/fb)

CMS prel. combined

—a@—

228+ 9x2) =10 pb

(val. + stat. = syst. + lumi.)

-@=-)

227+ 3+11=10pb

(val. = stat. = syst. = lumi.)

227+ 3+11=x10pb

(val. + stat. + syst. + lumi.)

] NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254 (2013)

Bz Approx. NNLO+NNLL QCD, Kidonakis, arXiv:1205.3453 (2012)

7] Approx. NNLO+NNLL QCD, Cacciari et al., arXiv:1111.5869 (2011)
[ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

100

Jorgen D'Hondt - Vrije Universiteit Brussel

200

300 400

o(tt) (pb)
4




102

10

Top quark pair cross section

e CMS prelim. combined 8 TeV (2.8 fb")
¢ LHC prelim. combined 7 TeV (0.7-1.1 fo")
- e CMSdilepton 7 TeV (2.3 fb)
O Tevatron prelim. combined (up to 8.8 fo')
o CDF prelim. combined (up to 8.8 fb™)
O DO combined (5.4 fb™
B Approx. NNLO QCD (pp)
B Scale uncertainty
Scale ® PDF uncertainty
- ¢y Approx. NNLO QCD (pp)
- Scale uncertainty
- B Scale ® PDF uncertainty
— Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
L MSTW 2008 NNLO PDF, 90% C.L. uncertainty
| | I I | | | I I | | | I I | | | I I | | | I I | | | I I | | | I I |
2 3 4 5 6 7 8 9
Vs (TeV)
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Top quark pair cross section

CMS, /s =7 TeV, L = 2.3 5", NNLO+NNLL for oz m?® = 1732+ 1.4 GeV

L B B L L s s L L
| Default aig(m ) of respective PDF set §,§
ABMI11 s L -
CT10 H ¥ ! i
HERAPDF15 H ¥ H
MSTW2008 H ¥ B
NNPDF2.3 - ¥ — }
B TR X TS 1k TR R 1T X PR
as(mz)
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CMS PAS TOP-13-010
Di-lepton

Top quark pair + jets cross section

First extra jet pT >20 GeV
‘-_ rrrrprrrrrprrrryrrrryrrrrprrrrprrrrr ey T e TeT ‘-. T
S 10* & CMS Preliminary ¢ Data — e 10t
-1 _ ZH — =
% 196" at\s =8 TeV ESil{lgl—étop - %
- o E
g 10 Btice S g 10y
O Ott+bj 3 o
ES Bit+bb . ==
3 3
< 107 < 107
)2 2
uw 8
10 B 10
1 1
O 2 3 O 2
= 15F . - = 15F
8 t—e— s Tt T — S
S osf I S osf
% 01 02 03 04 05 06 07 08 09 1 °

b-Jet Discriminator

Second extra jet

LI LI LB B T T T LI LI LI L

e Data
Wz =1
[JSingle top
Eit others
Ett+LF
Hit+ce
Cltt+bj
Mit+bb

CMS Preliminary
196" at\s=8TeV

Nl | IIIIIII| | IIIIIII| | IIIlIII]

01 02 03 04 05 06 07 08 09 1
b-Jet Discriminator

o(tEbb)/ e (tEjj) = 0.023 £ 0.003(stat.) + 0.005(syst.) at pr > 20GeV/c  0.016+0.002 (MadGraph)

(T(tfbl;)/a(tfjj) = (.022 £ 0.004(stat.) + 0.005(Syst.) at pr > 40GeV/c 0.013+0.002 (MadGraph)
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arXiv:1303.3239vy2

Top quark pair + Vector Bosons cross section

CMS

L=50fb'at{s=7TeV

S
oo

Cross Section [pb]
o
P

S
I
|

0.2

0

- ttV (dilepton analysis)
© 04370 fotat) % eyt o

-

" NLO Calculations

ttZ (trilepton analysis)
0.28°3 1 (stat) 371 (syet) pb

-

Cambell and Ellis, JHEP 07 (2012) 052
Garzelli et al., JHEP 11 (2012) 056
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Single top quark cross section (t-channel)
ATLAS+CMS Preliminary,\@ =8 TeV

IIII|IIlI|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII

{

NLO QCD (PRL102(2009)182003) +

+2.6 +0.6

85.877 (scale) ' > (PDF) {
Il
'

Approx. NNLO (arXiv:1205.3453) 'l'""

+2.1 +15

87.27 (scale) " >’ (PDF) : :
1

ATLAS Preliminary (5.8 fb ) . : 0 1

95.1 + 2.4 (stat) + 17.6(syst) = 3.6 (lumi) :
i

.. -1 H o L

CMS Preliminary (5.0fb ) y

80.1 + 5.7 (stat) £ 11.0(syst) =+ 4.0 (lumi) :
I
I

ATLAS+CMS combination L L 4 H

85 + 4 (stat) £ 11 (syst) £ 3 (lumi) :

IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIII
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CMS PAS TOP-12-040

Single top quark (tW) cross section

g t g t q t
A - A W~
t . t
g g b q B
e L I e e e B s B B B T 16000:_ CMS Prelimihary, Vs = 8TeV] ® Data
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CMS PAS TOP-11-031 SM(Q) = +2/3
BR(b — p+v+X) ~11%
Top Quark charge
CMS Preliminary Ns=7 TeV L=4.6 fb” -
S A \ARRRRRAN--- SN L P4
g B Eltt:/‘tﬂet:‘g 1 I C — tracks - =
2 r (Pi-7)™
g tracks
5 . 0 CMS Simulation\s=7TeV _
e S | ttmc Madgraph ]
E 4l - bauarks _
& | - b quarks i
2 i _
! 2 sof?muonp [GeV? © 3l ]
CMS Simulation\s=7 TeV ‘é i ’
2 - S BRI LI RN = C ]
9 B tt—M(;ifrom B:samesignasb - 2‘__ ]
o | —— p from B: opposite sign as b | B _
; 300+ p from D:sm?gn‘asb — | i
= = — u from D: opposite sign as b » B
s | - 1 -
D -~ - -
S ook k [ )
é i i .
3 % 05 0 05 1
- h Jet charge of b jets
. Combine both pieces of information

P T T N N N TN S B | :
% 1 2 3 4 5
soft muon Pr 1 [GeV]
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CMS PAS TOP-11-031

SM(Q) = +2/3

Top Quark charge

A is an “asymmetry” test statistics

A 1 Nsvy — Nxm— < Npg > Dp
Ds Ngy+ Nxm— < Npg >
q“
J = = o< -~ - |
&"-‘f! * U S
\ P
% “ 3
ap | - S
b qf=q +q, 0 ©
-3
BT y
o”]a
¢ 2 ‘? (E’ 6\"?’:_- J b _3
7 2, A I
I 5
| | o o
9= =9,G ()

CMS Preliminary \Ys=7 TeV L=4.6 fb'
T

Number of selected events

- data —
B T p+jets(signal) _|
O it efc+jets
[ tt dileptonic
B single top
| Wajets

O Z+jets

|l||l

CMS Prellmlnary \! —7 TeV

0——

+2/3 e -4/3 e

qtop
L=4 6 !

o.15

Probabilty densty / 0,046

o
wh
lllllllll]lllllll

lllllllllllllll

Charge -4/3 more then 50 excluded
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CMS PAS TOP-13-002

Top quark mass

CMS Preliminary, 1s=7and 8 TeV

2010 dlePton : :

JHEP 07 (2011) 049 (L=364pb) (vak + stat. + syst)

2010 Iegtom 173,10 £2.10 £ 2,66

CMS PAS TOP (val & stat, + syst)

2011 dlePton 172,50 0,43 +1.46

EPUC 72/(2012) 2202 (L=5 0Mb) (vak & stat + syst)

2011 le on+ 17349 £0.27 £1.03

JHEP 12(2012) 1 (val £ oat, + syst)

2011 all-jets 173,49 £0.69 £1.30
A1Xv:1307.4617 (L 54) (val % stat + gyst)

2011 endggints 1739010901228

Eur, Phys, J. C73 (2013) 2404 (L= 4.98/) (vak & stat. + syst)

2012 B-hadron lifetime 173 48 +1474287
TOP-12:030 (up to L= 19,6%) (val # stat.  syst)

CMS combination 178, 49 +0.36 £0.91

uptoL= 1960 (val £ stat, £ syst)

CMS Combination
l | I I |
160 165 170 175 180 185
m [GeV]
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CMS PAS FTR-13-017

N

Total m,,, uncertainty [GeV]

O I T I

o
o

=

CMS preliminary projection

Top quark mass prospects

== Std. meth. == Endpoints
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CMS PAS FTR-13-017

Top quark mass prospects

TR g
CMS preliminary projection dJES - -others
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CMS PAS TOP-12-031

Top quark versus anti-quark mass

ldeogram method

Levent(X;y | my) = fig| Pe(x;y | my)

+ (1 — fig)Pokg (¥)!

Pg(x;y | my) |= Pg(np) - Pg(q") | Pg(Xmass; ¥ | 1)

Poyg(x)

1 2
w; = exp —E X,' Wyp.

- pbkg("b) ’ Pbkg(qf) ) B)kg(xmass .

Probability of btagging wy, =[] p/,

i=1

12
Pi(xmass;y | me) |= Y w;

Parameters in the kinematic fit

]
(fse [ am Gl | a‘% F)+ (1= )W [ mo)

! I

Gauss distr.  Breit-Wigner distr. Wrong jet combinations
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CMS PAS TOP-12-031

Top quark versus anti-quark mass

Calibration of the properties of the M, estimator

CMS Simulation at\s = 7 TeV
Ll Ll Ll Ll l Ll Ll Ll Ll l Ll Ll Ll Ll l Ll Ll l Ll Ll Ll Ll l Ll Ll Ll Ll
{+jets ¥ Nget = 3717
offset = 1.155+0.011

slope = 0.001 0.002 —

CMS Simulation at\s = 7 TeV

Ll Ll Ll Ll l Ll Ll Ll Ll l Ll Ll Ll Ll l Ll Ll Ll Ll l Ll Ll Ll Ll l Ll Ll Ll Ll
t - jets Linger = 2317
offset =-0.558 + 0.092

slope =-0.196+0.012

&

L1 lll"

—
w
|

(before calibration) (before calibration)

]

N W A

width of mass pull

S
|
- o

a-&lllllIllllllllllllllllllllllllllllllll

—t
I
H
.
H
I
H
[
I
H
I
H
.
H
I
H
[
H
.
H
I
-
I
I
.
N

o
—
+‘
—-—
—a—t
|
mean fitted - generated mass (GeV)

5 a"l‘llllllllllIlllllllllllllllllllllllllll

0.95 = 2
0'91 lllllllllllllllllllllllllll— =3 [NE W [ TN TN TN U NN TN TN TN TN NN TN TN SN TN NN TN SN U SN N SN NN 1
-15 -10 -5 0 5 10 15 - -10 5 0 5 10
generated top quark mass - 172.5 (GeV) generated top quark mass - 172.5 (Ge

Amy = —272 1196 (stat.) =122 (syst.) MeV

Dominated by statistical uncertainties, hence need measurement at 13-14 TeV

Jorgen D'Hondt - Vrije Universiteit Brussel 17



CMS PAS TOP-12-028

Di-lepton

Differential cross-sections in top quark events

CMS Preliminary, 12.2 fb'at ys= 8 TeV

2 10 I I T T I I 3
o Dilepton Combined e Data 3
w B i Signal -
10* ESttother  —
I Single Top 3
[ W+Jets .
B Z/y" — eelup]
3 EBZ/y st
10 IDiboson 3
[1QCD Multijjet 3
107 -

10

—h
lllll

11 IIIllII

IIIlI

Events

CMS Preliminary, 12.2 fb'at ys= 8 TeV

| | | 1 | I | |
Dilepton Combined

e Data
I tf Signal
1 it Other
[ Single Top
[ W+Jets
I Z/y* — eelu
[Z/y* -1t
[] Diboson
[1QCD Multijet

10

Region of extra (b-)jets
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CMS PAS TOP-12-028
Di-lepton

Differential cross-sections in top quark events

, CMS Preliminary, 12.2 fo'at Vs = 8 TeV CMS Preliminary, 12.2 fo'at (s= 8 TeV
.rl 25x39IIIIIIIIIIIIIIIIIIIIIIIIIII .r‘ llllllll'Illlllllllllllll_
? [ Dilepton Combined e Data i (%5 | Dilepton Combined e Data
ST — MadGraph ] S 402 — MadGraph
3| & 201 MC@NLO - 3§ E. 0 MC@NLO
=T - POWHEG | e ---- POWHEG
151 —_ al _
- 10 g M(ttbar)
p.(ttbar) ] N
10 ] i
i - 107 =
5/ \\ - -
i ] 10'5_— "'"‘m"";
0—1 AN BN B A A l%m E Lo v v v v v b v by Pty 1 15

0 50 100 150 200 250 300 400 600 800 1000 1200 1400 1600
pl [GeV] m? [GeV]
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CMS PAS TOP-12-027

Events

Lepton+jets

Differential cross-sections in top quark events

CMS Preliminary, 12.1 fb'at s =8 TeV

1071 T | | U %)
e/u + Jets Combined ¢ Ua =

Jf ST e o B {f Signal 3
10 = tf Other L

Bl Z+Jets

= W+Jets

[ QCD Multijet
[ Single Top
[ Diboson

1 Illluj,l 1 Illlu]l Ll

S5 g
. M—jets

CMS Preliminary, 12.1 fb'at {s =8 TeV

108 - &1 + Jets Combined 6 gast% al

3 {f Other
B Z+Jets
= W+Jets
1 QCD Multijet
[ Single Top
[ Diboson

10°

10

10°
102

10

T lluln'l 11T

Region of extra (b-)jets
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CMS PAS TOP-12-027

Lepton+jets

Differential cross-sections in top quark events

10° CMS Preliminary, 12.1 fb' at {s = 8 TeV

X
lr] 25 B LI L I LI L I LI | LI I LI I LI i
> L e/u + Jets Combined e Data i
8 C ——MadGraph 7]
— 20— -—MC@NLO
| '::Q.'_ - -
8 8 - -~ POWHEG
—lo [ i
150\ -
10[- p(ttbar) -
e[ -
3 ]
0 i L1 11 | L1 11 | 1 I .| N

0 50 100 150 200 250 300
P [GeV]

&

>

)

O 102

ol e

Ol 5

o 102
10
10°
10°

CMS Preliminary, 12.1 fo'at {s = 8 TeV

LI

T llllllll T IIIHIII

T IIIIIII

I LI I L I UL l LI B | I L l L

Loy v v v v v v v by
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—— MadGraph
-—— MC@NLO
---- POWHEG

e/u + Jets Combined

1 llllllll 1 lIIlllII

2l IllIIIlI

400
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Jorgen D'Hondt - Vrije Universiteit Brussel 21



CMS PAS TOP-12-038 0 1oy = 56421 (scale) 11 (PD)pb

Ot eh,antitop = 30.7757 (scale) ] (PDF)pb

Single top versus anti-top

/

CMS Preliminary, 12.2 b, Muons +, {5 = 8 TeV q q
-8-data
[l channet W+ ¢
Haann b
g b

-y
e
g

Fitting simultaneous the top and anti-top
component on the pseudo-rapidity distribution

0 05 1 15 25 3 35 45
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CMS PAS TOP-12-038

Single top versus anti-top
CMS Preliminary, 12.2 fo',\'s = 8 TeV

CMS Preliminary,
TOP-12-038 1.76+ 0.15 (stat) £ 0.22 (syst)

1

1

:

1

1

|

CTEQ6M :
|
1
CT10 '

1

1

1
. MRST06 -

1

1
. MSTWO8 NLO 90CL N.=4 |-

1

1
. HERAPDF 1.5 NLO -

1

1
. NNPDF 2.1 N_=4 '

1

1

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
Ratio = o(t)/c(%)

Jorgen D'Hondt - Vrije Universiteit Brussel

23



CMS PAS TOP-13-008

B Presentation from M. Zeinali on “W decays in top events”

Lepton+jets
W helicity (|n top quark pair events)
1 dr 2 «\2 3 s 2
p(cos]) = ——(l—cose,‘) F +—(l+cos€,) Fgr + —sin”“6/F,,
~ Tdcos6f 8 4
_ ic* _
anom. _ —%b'y”(VLPL + VRPR)IW; — 5_5 - v (gLPL + grPR)IW; + H.C,
_ - itfmuomiets
5000:_CMS prefiminary, 8 TeV, 19.6 fb' -“wx Reweighting method to fit this
- I single Top distribution with 2 free parameters:
| -DY+§ecs
4000 e Muonsjets
%30001_ 1 B = 0659+ 0.015(stat.) £ 0.023(syst.),
- - 1 Fr = 0.350 £ 0.010(stat.) = 0.024(syst.),
I.ICJzoOO__ ]
1000:_ Theoretical uncertainties dominate
- and the MET shape
- 1B
o Db SR s x
8 1 1 | Ll Ll 1™
= -1 -08 06 04 02 0 02 04 06 08 1
cos(6%)
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CMS PAS TOP-12-020

W helicity in Single Top

FComb. — (0,293 4 0.069(stat.) + 0.030(syst.),
FSomb- — 0,713 + 0.114(stat.) £ 0.023(syst.),
Fgomb- — —(0.006 + 0.057 (stat.) & 0.027(syst.),

CMS preliminary, 5.3 fb'at {s =8 TeV

CMS preliminary, 7 TeV&® 8 TeV

g __ —e— data =
£ - Bl t-channel =
> - - tW-channel 11—
S - - s-channel B
T, = - oH B
é 200— - Di-boson |
= » Bl W+Jets 05—
= - s =N Y MZ+Jdets =
2 . Gzt — v :
150 Y 5 =3 Stat. Unc. 0_
o
..... 2 r
e o —
100 _05‘_
- I @95%cC.L.
1~ ] @68%c.L
e Bestfit
-1_5_0—1 cad o b by by v b bvav o by g g Ly

ol

-06 -04 -02 02 04 06 08

-1 -08 06 -04 -02 0 02 04 06 08 1
cos(6.7)

ik
o = —%W‘ (VLPL+ VaPR)tW; — 3-b myj" (9P + grPR)tW, + H.C,

0
Re(gL)
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CMS PAS TOP-12-025

W heI|C|ty LHC combmatlon

| | | | | | | | | | | | | | | | | | l |_|_ Nl T LA L L L L LB L L B IO L

05 L | N

ATLAS and CMS preliminary I ATLAS a"i c_ng.: g gﬁ”_’;’gigﬂ ]

i L int™ . 4

\s=7TeV, L =35 pb"- 2.2 F. | F F 045 - (s=7Tev 7

B NNLO QCD 04l E

Combination i .

5 . ]

+#+ Data (FR/FL/FO) 0.35 1 g

ATLAS 2010 (single lepton) o+ b i—i—s 0.3 |- < Data -

ATLAS 2011 (single lepton) 4+ far s [ NNLO QCD :

gielep 025 - — Unitarity boundary ]

ATLAS 2011 (dilepton) HoH i T
CMS 2011 (single muon) HOH | HH ke 05 055 06 065 07 075

LHC combination IR M Fo

b b b e Ly | Fo = 0.626+0.034 (stat.) + 0.048 (syst.),

0 0.5 1 F, = 0.359+0.021 (stat.) + 0.028 (syst.).
W boson helicity fractions
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CMS PAS TOP-12-025

W helicity: LHC combination

AI! 1_
o L
o -
“ 0.8 S
0-5:— LHC combination preliminary V,=1,V_=0
~ \s=7TeV, L =35pb'-22fb"
0.4 i Bsso-cL
0.2 95% CL
0:_ * SM
0.2 ‘ ‘
_0 —IIIIIIIIIIIIIIIIIIIIIllllllllllllllllll
%2 03 -02 -01 0 01 02 03_ 04
Re(gL)
—
E?{'{?l'v," _ _ibfy"(vl_p[_ + VRPR)tWF_ — 3 bla ki (gLPL +gRPR)twy_ + H.C,

V2 V2 my
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CMS PAS TOP-13-001

t-channel

800

600

400

200

1
— -
L]
| =

108

10°

10*

d_rzl(Hptaxcosgx) A:—l P _N(1)—-N({)

d cosfy 2 X (=W Lo B 2 - N(1)+N({)

Top polarlzatlon in Smgle Top events

{Tostat. + syst.

T | | . X1 03 LI
| e data 4 S
| W signal (-channél) CMsS prellmlnary ls=8TeV,L=20 'bl (] i e F 8TeV, L-208"
B -f\ﬁ"a"“e‘ Muon channel, 2J1T BDT > 0.06 A =0.42+0.07 (stat) + 0.15 (syst) 1
- ft ! . 200~ « unfolded data 7]
— Il DY | generated (POWHEG)
- w 7zgenerated (CompHEP)
| I diboson L |

100 0 e —
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A =

W
QCD

0.41 £ 0.06(stat.) = 0.16(syst.)

P, = 0.82 + 0.12(stat.) + 0.32(syst.)

ap =1 100% polarization expected
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CMS PAS TOP-13-001 ADDENDUM

t-channel

Top polarization in Single Top events

In this analysis, the top-quark spin asymmetry

1 N(1) - N()
A=q Bm =gmENQ)

2

is used to probe the top-quark coupling structure, where: P; represents the top-quark polar-
ization; N (1) and N (] ) respectively denote the number of charged leptons aligned or counter-
aligned with the direction of the spectator quark that recoils against the single top quark in
the top-quark rest frame, which is a good approximation of the top-quark spin axis [2, 3]; and
ax denotes the spin-analyzing power of a decay product X, i.e. the degree of correlation of its
angular distributions with respect to the spin of the top quark. The latter is exactly 1 in the
SM when X is a charged lepton but its value is in general modified by anomalous top-quark
couplings that can arise through an effective extension of the coupling structure at the Wib
vertex [4].

(1)
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CMS PAS TOP-12-004
Di-lepton

> Iol-obb, Spin correlations
A1~ = ¢+ — 1|,

Background-subtracted and unfolded differential cross-sections

CMS Preliminary, 5.0 fo'at {s=7 TeV
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Correlation coefficient in the helicity basis: 0.24+0.02(stat.)=0.08(syst.)
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CMS PAS TOP-12-035
Di-lepton tf — Itvl—7bb,

Ratio of top decays to Wb and Wq

CMS preliminary, {s=8.0 TeV, JL=16.7 fb™"
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CMS PAS TOP-12-035
Di-lepton tf — I*vI—vbb,

Ratlo of top decays to Wb and Wq

P AR — Mis-reconstructions taken into account in
% womE- ’”"":“‘ —§ likelihood fit (jet assignment & flavor tagging
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CMS PAS TOP-12-033 =0 Presentation M. Mohammadi Najafabadi on “Asymmetries”
Lepton+jets Nt —N—

Charge asymmetry A= NTIN

CMS Simulation

N _
S 2 7 Aly| = lye| — |yl
B 2 O 0_15 ) 1 ) 1 . I . T I Ll 1 1 T 1 I I I 1 1 T
3 3 o < - CMS Preliminary —+_ Data .
§ i; . : 19.7 be at J§ =8 TeV EAG 1.0 TeV :
2 3 - |+jets —— EAG 15TeV .
s 3 01 0.1 — —— NLO prediction 1 ]
e : L EAG —— NLO prediction 2 |
: [ effective axial-vector coupling of the gluon
1 1 2 3 4 5 6 7 8 9 W0 n 12 0 0.05— W
bin of generated Alyl - X
S [ovspemnay a1 L — :
d [ 197f'at s=8TeV  ___ NLOpredicion1 ] i :
ke - A, =0.005+0.007 1 o ‘ ! —
8 0'6__ l+jets N B 7
L I i i Z
0.4__ __ ) B PN TN SN T (NN SN TN TN SO N SRR SN TR SN N TR S S |
i _ '°§00 400 500 600 00
i i m. [GeV/
0.2+ -
; S Measured charge asymmetry
0; TR B T 11 PR R B (I) PR R ; TR B B | _2 0.005 i 0.007 (Stat-) i 0.0% (Syst-)
Alyl Theory prediction ~1%

A|y| — |yt | — |y{ | Jorgen D'Hondt - Vrije Universiteit Brussel 33



CMS PAS TOP-12-042

Lepton+jets

[Ge\" - 1]

S||&

—

o dF TR

Kinematics of top quark events

o= |(2n) + (50) |

CMS Preliminary, £ = 19.7fb' at \/s= 8 TeV
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CMS PAS TOP-12-042

Lepton+jets
alljets
CMS Preliminary, £ = 19.7fb~' at \/s= 8 TeV CMS Preliminary, £ =19.7fb' at /s =8 TeV
e, i1 + jets combined, > 4 jets, > 2 b-tags e, i + jets combined, > 4 jets, > 2 b-tags
,_’.— T T I T T T I T T T I T T T l T T T "——| T T I T T T l T T T ] T T T l T T T
! - -+ unfolded data T -+ unfolded data |-
- ! - . - 3 .
Cq5 0.004 l:] t( (MadG'raph) ] ch 0,004l ;} t( (MadGraph) i
— : - {77 tt (matching down) | . r— 1 tt (MC@NLO) |
fOq | ti (matchingup) |1 ¥ T 573 tf (POWHEG) |
i | tt (Q* down) i i
0.003_— E [ ti (Q° up) - 0.003} .
—F— | : S :
0.002 d:_‘ — 0.002 —
L ; - L -
0.001 — 0.001F -
: S ] Z —— !
(] ) (I}O 1 1 2(113 1 1 4(ll_J 1 1 500 1 1 'T' 1 1 000 ()_0{1] 1 1 2(I)D 1 1 1 4(])0 1 1 1 0 1 1 1 T 1 1
HT [G V] HT [GQV]

Jorgen D'Hondt - Vrije Universiteit Brussel 35



CMS PAS TOP-12-042

Lepton+jets
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[Ge\" - 1]

8|% 0.0030
B
0.0025
0.0020
0.0015
0.0010

0.0005

0.0000

Kinematics of top quark events
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CMS PAS TOP-12-042

Lepton+jets

Kinematics of top quark events

CMS Preliminary, £ =
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10.7fb~'at /s=8TeV
e, i + jets combined, > 4 jets, > 2 b-tags
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CMS PAS TOP-12-042

Lepton+jets

Kinematics of top quark events

MTV'V — \/(ETlepton 4 E_rrniss)z _ P!;Vz
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CMS PAS TOP-13-007

<Extra jet multiplicity>

(Data-X Bkg)/Signal

(Data-X Bkg)/Signal

15

0.5

o5 CMS preliminary, 19.7 fb", ys=8 TeV dilepton channel, inclusive

Study of systematic in top quark events

- e data © simulation
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These studies are crucial to enter the
precision era of top quark physics at the LHC
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CMS PAS B2G-12-015 bW, tZ, and tH

Inclusive vector-like T quarks ? charge 2/3

CMS preliminary Vs=8TeV 19.6 fb™" SS dileptons CMS preliminary Vs =8 TeV 19.6 fb™
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CMS PAS B2G-12-015

Inclusive vector-like T quarks ?

CMS preliminary \s=8TeV 19.6 b’ CMS preliminary \s=8TeV 19.6 fb”
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Inclusive vector-like T quarks: prospects ?

CMS projection
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CMS PAS B2G-12-012
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CMS PAS B2G-12-014

Number of Events / 50 GeV/c?

m(fvb) =m(qgb) = M;
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m(lv) =m(qq) = Mw
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Resonances decaying into top+jets ?

Existed top quark which receives a non-zero mass
before applying the Brout-Englert-Higgs mechanism
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CMS PAS B2G-12-006 Leptontjets

Ttbar resonances ?
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CMS PAS B2G-12-005 Alljets

Anomalous top quark production

CMS Preliminary, /§ = 8 TV, 19.6 "
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All jets and Lepton+jets

Anomalous top quark production ?
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CMS PAS B2G-12-023

t — beu* (t — beu™)
t — bae" (t — bue™)

Baryon Number Violation in top decays ?
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Data driven background
95% CL Upp. lim. | Exp. lim. | 68% exp. lim. range
Muon ch. 0.0016 0.0029 [0.0017, 0.0042]
Electron ch. 0.0017 0.0031 [0.0018, 0.0045]
Combined 0.0015 0.0029 [0.0016, 0.0042]
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CMS PAS B2G-12-021 b’ — bZ
Di-lepton BR(b' — bZ) = 100%,

Vector-like b” quarks ? Charge -1/3
Pair production, single production not yet included

CMS Preliminary 2012,L=19.6 fb™ \s =8 TeV
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CMS PAS B2G-12-019

Lepton+jets

Vector-like b” quarks ? Charge -1/3
Pair production, single production not yet included

b’ decays to tW, bH, and bZ

CMS Preliminary \JS = 8 TeV, u + jets CMS Preliminary \J§ = 8 TeV, 1 + jets

CMS Preliminary,\Js = 8 TeV, 4 + jets
1 &1 -

Everts/
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CMS PAS B2G-12-019

Lepton+jets
. V4
Vector-like b” quarks ? Charge -1/3
Pair production, single production not yet included
CMS Preliminary 19.8fb7, /s =8 TeV CMS Preliminary 19.8fb7, /s =8TeV
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CMS PAS TOP-12-037 T Presentation from R. Goldouzian on “FCNC”

Flavour Changing Neutral Currents ?
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CMS PAS FTR-13-016 tt = Zq+Wb — £lq+ £'vb (£ = e, i)

Flavour Changing Neutral Currents @ 3000/fb ?
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CMS PAS TOP-12-021

Coupling in the production via an effective Lagrangian

Flavour Changing Neutral Currents in tZ events ?
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Putting things together (i.e. conclusion)

* Top quark pair cross section (+ vector bosons & extra jets, systematics!)
» Differential cross sections (incl. unfolding)

* Single Top cross section (incl. tW channel & top versus anti-top, systematics!)
* Top charge (+2/3) and mass (precision < 1 GeV, systematics!)

* Top versus anti-top mass (precision ~ 200 MeV)

* W helicity in top decays (precision < 10%, systematics!)

* Top polarization (precision ~ 40%, systematics!)

* Spin correlations (observed, systematics!)

* Top to Wb and Wq decays (precision ~ 3-4%, systematics!)

* Charge asymmetry (precision < 1%)

* Kinematics of top quark events are well predicted

* Fourth generation top quarks > ~700 GeV

* Vector-like T quarks (decay into tZ, tH, bW) >~ 700 GeV

* Top partners with charge 5/3 >~ 800 GeV

* Resonances (spin-3/2 RS model) decaying into top+jets > ~ 750 GeV

e Ttbar resonances >~ 1.5-2 TeV

* Baryon number violating top decays < 0.15%

* Flavour Changing Neutral Currents (t=2Zq) < 0.07% (systematics!)
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