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> Ran for 25 years

> 9inRun 2 at 1.96 TeV

> pp collider

> Ended operation on 30/9/2011
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FB P TIC Top Quark
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, Dlscovered in 1995 at Tevatron, very few even’rs
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Fﬁ ' The Top Quark

1} Dlscovered in 1995 at Tevatron, very few events

= ‘Pﬁys Rev. Lett. 74, 2626 (1995) _
CDF: 4.8 By the end: thousands of events
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So why do we still study i1?

> Top is the heaviest known

fundamental particle
m~ 173 GeV

> A quark with a charge 2/3e
and spin 1/2

~ © Decays almost exclusively
to Wb
> Produced by strong and
-9 weak interactions

> We can study the properties of a
bare quark

> Lifetime < hadronisation

> Due to its high mass strongly
influences Higgs mass in SM

> New physics can be found in
deviation from the SM
predictions

> Top is a background to many
other searches
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Top

Mass and mass difference,
charge, lifetime width

Production cross section and
kinematics
New resonances i production
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Anomalous couplings

New physics in decays
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CPﬁys Rev. Lett. 115, 152003 (2015) ' b

> Electroweak production in: s = channel b - channel

o - s, Tt and Wt channel (ow) (G&qb)
(Wt negligible @ Tevatron) vl Erar
1.04 pb 2.26 pb

> Selected events with PF @196 TeV

& z
-
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; F LHC

> |+jets - 1 high pt lepton

= pp €7 TeV 4.6 Pb 646 Pb
F ‘ 2 MET+\]€TS = h|9h MET | Slngle top quark {;S.:ai;}l F‘{:r; I, L '<97fb' 1 "’

+ Data 2 SM s-channel| &=
— Expected background | § SM t-channel | S5

Background uncertainty ﬂW/Z+X

Multijets
B Higgs

I IHIIIII ILRLL

- 2 2and 3 jets with 1 or 2 b-tagged

F>.‘ Main backgr'ound from V+jets

- —

* Shape fr'om MC, normalization from data

"

N llll"] I Illll"] I Illllll]

.":: | -'Final selection with Multivariate

~discriminant | N B
" alielistad | - -1 -0.2 0 0.1 0.3 0.65
Discriminant output [(s-channel - t-channel)/background] £ 3

Pon =~
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I8 Smgle top

"-‘Elec’rr'oweak production in s and t -
?ﬁys ‘Rev. Lett 115 152003 6015)

" Tevatron Run Il single top quark summary
{ .‘.—:-,I’r is dlr'ec’rly sensitive to the IVTbI Measurement Cross section [pb]

AR

| “ s-channel:
:>\|va| >0.92 @ 95% CL. | CDF [25]

DO [22
Fmal resuIT from Tevatron [22]

— Tevatron [26
. Smgle top quark, Tevatron Run I, L <97 fb j: [26]
O | t-channel:

CDF [21] 1.65") 5
DO [22] : 3.07 %%

+0.37
1.36 5

+0.33
1.10 7,5

1 29 +0.26

-0.24

tion ‘-.l‘-"
w
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ic, | : Tevatron [this paper] : D DF +0:29

-0.31

Aannel Cross se
N
N ()]

S+t. :
: +0.49
CDF [21] i 3.02"5%

DO [22 . +0.60
1 FCNC [6,52] 0122] : 4.11 -0.55

@ Measurement  1s.d. ¢ Four gen. [51]| Tevatron [this paper] : 3.30 fg.ig
# SM[9,12] 2s.d. O Top-flavor [6] | P T T R

3s.d. ATop pion [6] | | 0 1 2 3 4

llllllllllllllllllllllll L1 11 L1 11 - 1
08 T2 e e e : Cross section [pb]

s-channel cross section [pb] | Theory (NLO+NNLL) [9,12] m, = 172.5 GeV
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lﬁ TT produc’rlon cross section
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@ ATLASep 7TeV(L=46M") ATLAS#C”S Preliminary May 2016
o CMSeop7TeVIl « 5|'b)
® ATLASeud TeV (L =203 ") LHClopWwG
o CMSeuBTeV(L=19.70")

v LMHC combinedeu 8 TeV (L = 53"03":‘1
@ ATLASep 13TeV(L=321")
o CMSep13TeVil= 4390 50 n3)
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'3>'Differ'en’r energies and dominant
producTuon between Tevatron and LHC

L1110l

vy CMSep13TeViLe22®", 25ns|
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Inclusive tt cross section [pb]
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> At Tevatron: 85% qq annihilation + i
15% gg fusion, and opposite at the | = womw ——

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

LHC (goes to 10% and 90% @13 TeV)' I sl i el W

6 8 10 12
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*"’* A’r Tevatron, we measured inclusive and _—
~ differential cross section COFdlepton  rusci 700083

CDF ANN lepton+jets ey 7.82:0.56

Tevatron Run Il,\ $=1.96 TeV

+ 0.38 =

CDF SVX lepton+jets py-ei— 7.32+0.71
461" + 0.36

~ © DO updated measurement with the COFalliets  +—+ar—y 7212128

291" + 0.50 +

full dataset COFcombined  wew  7.63:050

m;’ ?Etl’epton e 7.36 - 3 0-85

DO Iegtonﬂets p—a—q 7.90+0.74

> Mainly done in dilepton & I+jets final | oocombined et 7562050

<541 + 0.20 + 0.56

Estates R nasen e 009 o

~ Phys. Rev. Lett. 109 (2012) 132001
6 7 8 9
o(pp — tt) [pb]
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Fﬁ tT production cross section
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{ ' 22 | arXiv:1605.06168; Submitted to Tﬁys. ‘Rev. D )
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> separate by lepton o ‘ | SN i
flavor, and by 2,3 and ‘
4+ jets

o
o]

o
(=)

DO MC ¢ + 3 jets

~ ? Use maximal b-tagging o ki
. ot I

MVA output as additional [ 02 b-ID MVA
input variable into
0

‘ : ! 0 0.1 02 0.3 04 05 06 0.7 0.8 0.9 \1 ' -0.5 0 0.5
combined MVA - Background Rejection — Combined MVA output |

B — (.03 = 0-14(375@75-)J—r8:g%(393t°)pb (b}ﬁoos.ﬂb“ - Data

=y _”"'Je ) ' RS =g(|"b)oson

Signal Efficiency
o
-

Z+jels
B Multijet

; = separate by lepton flavor combinations, and 1 and 2+ jets g

> Use maximal b-tagging MVA output
B 0. = 7.58 £ 0.35(stat. ) 300 (syst. )pb
f:ig' mgmed

7 26 = O 13(stat et gg(syst )pb ?
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Polari

13 Top ququs are almost unpolarized in SM
- at the Tevatron

> Small longitudinal polarization from
parity-violating weak interactions

. > Transverse polarization is allowed in

zation

Conference Note 6471 '
> Measured with respect to three axes

> the beam axis (longitudinal)

> the helicity axis (longitudinal

1st @hadron

> the transverse axis collider

strong interactions

Axis Measured polarization P; SM prediction

> New physics can make it bigger

Beam
Helicity
Transverse

+0.070 = 0.055 —0.002
—0.102 = 0.060 —0.004
+0.040 = 0.034 +0.011

Angular' distributions of the decay
produc‘rs in the top rest frame give the
- polarization along a chosen axis

_ c,? B dl
4
o I‘ d cos 0

ks

5(1 + P;K; cos Gz,ﬁ)
e ——

“ ki = 1for leptons (smaller for other decay
~ products), 8 angle between decay
’;r'g»duqt_and chosen axis

it P=0 nom. Bl W+jets

[ Non Wajets [l Multijet

*** i Pus1 temp. =*= 1 Pu-1 temp,
® Data X Syst. Unc.

(f) DG, 9.7 fb™
Preliminary

N NRNRRR WX

-0.8 -06 -04-02 0 02 04 06 08 1
+ cosf,, (transverse)

o N]R’W"" N
b o bl — < 5
» it

{
M
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| m Forward backward asymmeTry

t
> Forward backward asymmetry in t+ Ay =y, —y; Tevatron artiton B
~ production at the Tevatron e lln(E +pZ) e
- originates from NLO QCD effects il (i
~ © Top quarks more likely will go into L~ Y ‘
> direction of incoming quark > Measunementaonc IS =
N > full reconstruction possible and top £
- 89 . b
Iy fo LHC charge determined from the lepton =
}§> Can be an indication of the new Saoe =
~ physics > And in dileptons
> Measured with 1-7r > top quark can be reconstructed using e
| ; A N(Ay >0) — N(Ay < 0) matrix elements (DO), and probabilistic &=
@ ° N(Ay>0)+ N(Ay <0) methods are used for Ay distribution ‘

z>!ana with leptons | o = d
N(qy; > 0) — N(qy; < 0) r lepton asymmetries are use

} F5 =y (qyr > 0) + N(quy < 0) instea N 5
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55"“2; m Forwar'd backward asymmetry and pO'ClI"IZClTIOh

Phys. Rev. D 92, 052007 (2015) —

~D@,L=9.7fb"  —— Data: 542
Bl Dibosons: 7.2

| ﬁ} Some BSM m0d6|5 WOUld foeCT TT : ] Instrumental: 18.2

C3JZ-51:36.6
~ production, and thus they can enhance : B 1 4550

r?/dof=1.58
" both asymmetry and polarization

* Polarization related to asymmetry in

cos6

N(cos6* > 0) — N(cosf* < 0)
B © N(cosf* > 0) — N(cosf* < 0)
. | ~ Axigluon models

Al+ _Al_ . O  m2000R
. m2000A

————————O : m200R
[ m200L

'_' > Analy3|s in dilepton channel -~ m2ooa
Att — (15.0+8.0)% - Standard Model

Measurement

Measured SImU|TGneOUS|y /ﬁlP (72 :|: 113)% . - 68% CL region

- ---- 90% CL region
St {.:. ; l :
~~ Or assuming SM values: *P” = (11.3+9.3)%

230 (8

- o -- ‘.

- Q’

6y
A !L?:."

BISmmem——————
A = (175 £ 6.3)%

- i
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| m Forward backward asymme’rr'y New

arXiv: 1602.09015, submitted to PRD )
:> Dilepton final state > Differential distribution: slope »

of Afb as a func’rlon of Ay

) 1 1

o '??--'Procedur'e:

~ ~ reconstruct top quarks and
~ obtain Ay

.-{4_& Lhtd
YNt

= LN 4.t a\
A ARAT YY) . AP 'y . Ve S ) eaelleod
Ay A AL A W R T g b A S " A
: ‘ N3 i f .
{ y b fyv o ! . Be 'y 1 )
4 A

+- CDF Dilepton NNLO SM
o . Czakon, Fiedler, Ilcymus
== Linear fit and Mitov

arXiv:1601.056375

<t
o
e~
Z
=
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B =
=

S

>

©

50 y
1

Tevatron A, vs. |Ay| slope

y ‘.f.;l :‘«-‘ ’ .'1: v:‘- . |.'... .": ’
<Pt Sl v
FX Ny ""‘ ~fia . .'l W e Y
\

i | CDF Lep+ijets (9.4 fb™1) ° 0.253 + 0.062
(d) Ay . |PRD 87, 092002 (2013)

°>‘ untold objects back to partons | |CDF Dilepton (01171 |, 0.140 % 0.150

CDF combination —e— 0.227 = 0.057
This work

> Result consistent with Tevatron ' [Do Lepton-ets (0.7 o) g 0.154 % 0.043

PRD 90, 072011 (2014)

‘measurements and with SM i e e
E - 0.12 + 0. 11(5tat) +0.07(syst) | 02 0 0.2 0.4

TS o (b) o (asymmetry per unit rapidity)

,.-—-*{:\. Y R —
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> Final word

> Improved SM calculations
; =3

- A¥p=118+238

) 2> Consistent with SM and with

each other

£ > ,Teva’rron combination expected

a .,_——.—..-—.m-.\v'aa— -

Tevatron ti asymmetry

m Fwar'd bakwar asme’ff'

Ay asymmetry (Af-.f-B

CDF Lepton+jets (9.4 fb~1)
PRD 87, 092002 (2013)

CDF Dilepton (9.1 fb~1) °

—

This work
DO Lepton+jets (9.7 fb~1)
PRD 90, 072011 (2014)

16.4 =4.7

12+13

10.6 = 3.0

DO Dileptons (9.7 fb™ 1) —eo— 17.5+6.3

PRD 92, 052007 (2015)

qeme asymmetry (Afg)

CDF Lepton+jets (9.4 fb™
PRD 88, 072003 (2013)
CDF Dileptons (9.1 fb~!
PRL 113, 042001 (2014)
DO Lepton+jets (9.7 fb~1)
PRD 90, 072001 (2014)

DO Dileptons (9.7 fb~1)
PRD 88, 112002 (2013)

)| e
) —o—
-

——

9. 4~z 9
7.2+6.0
5.0i§:‘%

44+3.9

An asymmetry (Afg

CDF Dileptons (9.1 fb—1)
PRL 113, 042001 (2014)

DO Dileptons (9.7 fb~ 1)

PRD 88, 112002 (2013) .
NLO SM, W. Bernreuther and Z.-G. Si
PRD 86, 034026 (2012)

PRL 115, 052001 (2015) ]

7.6 8.2

12.3 £ 5.6

o NNLO SM, M. Czakon, P. Fiedler and A. Mitov

-20 0 20
Asymmetry (%)




l8 Spm correlations -

?ﬁys Lett. B 757, 199 (2016) (
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> Due to the short top lifetime, it is possible to study spin related phenomena

e L
SN el

> The strength of spin correlation depends on production mechanism

L _ o) + oG = o=
> @Tevatron the most significant contribution is 72 — o) +o(ld)+a(l1) +a(T

from the qq annihilation ~0.99 (~ -0.36 from gg fusion) ¢

MO o’
CBIRK RO 0 LTI

A ] : W Mgty
g PO AT ws

E R PV AT N i A -~
: Rt ar ) 2% Tk
£ Y J
N T ol 0 Ty R AL 2 elat ot
TR gttt > -__J,;....( ‘.oi:i'.-;.A’a.:.J il AL L LI Ll
-

> Build discriminant based on event-by-event Pz, SM) :
probability calculated from matrix elements Pi(z, SM) + P(z, null) '
about spin correlations predicted by SM amt e [
and null (no correlation) hypothesis

‘ B Background

2 Result consistent with SM (0.8) with an e e S
evidence of spin correlations at @4.2¢ w0 3 -

; Oors — 0.89 &+ 0.22(stat + syst)

’ > Obtained a fraction of gg fusion in
| production, also consistent with 0
8 the SM (0.135) f,; = 0.08 £0.16

0 01020304 0506070809 1 |
Discriminant R !
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I8 Top quark mass

-

"~ Mass of the Top Quark

r
{

- X

The ‘rop mass, the W mass, and the
nggs mass are related through

~ radiative corrections that provide an
internal consistency check of the SM

: ' L} Ll L) Al
£ 1 myworld comb, + W

] omy=173.34 GeV

‘] -- 02076 GeV

il —0=076¢ 2050, GoV

-

~  68% and 95% CL contours

.
.
.
.
l -
ll!‘;

fitw/o M, m and M_ measurements
I direct M, and m, measurements

-
-
-
-
b—
—
-
-
-

Lol iy

-
ELTLTRTSY "
-
-
2

M, world comb. + o
= 80.385 + 0,015 GeV

llllllllllll

IIIUIII]IIIIII

€] fitter]|..):

1 L l 1 1 A 1 l L L

180 190
m, [Ge

ATLASComb Mar. 2015 1o 15 =====- World Comb.+ 1o
299+ 0.91 stat. uncertainty

e World e T
- Teva’r ron

*Preliminary, —Input to ATLAS comb.

l’ ’t :
PR SR T TR A W T N B &

160 170

*:i: | 1 . 1 1
160 165 170 175 180 185 190

N———
e e o
177

WESERAS SRR S Y

July 2014

CDF-I dilepton

L

D@-| dilepton
CDF-Il dilepton *
D@-1l dilepton
CDF-I lepton+jets
DO-| lepton+jets
CDF-ll lepton+jets
D@-ll lepton+jets
CDF-l alljets

CDF-ll alljets *

—_ —

— e

(* preliminary)
167.40 £11.41 (+10.30 = 4.90)
168.40 £12.82(+12.30 = 3.60)
170.80+3.26 (=1.83+269)

174.00 £2.80 (+2.36 + 1.49)

176.10+7.36 (+5.10+ 5.30)

180.10£5.31 (+3.90 + 3.60)
172.85+1.12 (+0.52+0.98)

17498 +0.76 (20.412 0.63)

CDF-Il track

CDF-ll MET+Jets

Tevatron combination *

&
186.00 £11.51 (+10.00 + 5.70)

175.07 £1.95 (=1.19+ 1.55)
166.90 +9.43 (9.00 + 2.82)
173.93+1.85 (=1.26+1.36)

174.34 +0.64 (+0.37 2 0.52)
(= stat = syst)

éldof = 10.8/11 (46%)

190 200
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> Methods:

> Template

- Use variable sensitive to
top mass, e.g. Miop

- Maximum likelihood fit to
mass templates

> Matrix Element

- Calculate a probability of
each event using signal and
background hypothesis

- Use full event kinematics

Son

Top quark mass

> Neutrino weighting
- Integrate over phase space for n of
neutrinos for different m:,, and jet-
lepton assignments
- obtain weights based on calculated
and observed MET  1gnsfer functions

- ‘A___‘,_.‘A_ - :_&,.,.',......;,.ﬁo-.,. [—— e——
i Y \ J s b
: ! Vil : .

Matrix element & ~* Lepton
w* v MET

proton 5
t
T — b Jet

Jet B

— ..v.'}—-,;,,- 5
™ f
NPT s ¢ )
q ’
< 3 Y . b,
RPN A I
i -»

T
ol e

PDFs

=

antiproton ! B
wW- g Jet J=

\ Phase space Jet J
a

Q|

e — / > daidgadyf(q1)f (g2) W (z, )
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Top quark mass e héi

'3’ Neu’rr'mo welgh’rmg CPﬁyS Lett. B 752, 18 (2016) > Matrix elements Conference Note 6483

calc obs v
— B7°) |
Z 11 exn(- 952 ) > Top mass extracted using a log-

“ likelihood func’rion
~ ~ weight parametrized with mass ]

estimator p and resolution o —InL(@1,n; fogs ) Z In(Peve (235 ot mt)) ]

PP TR Y = ety

t 9

- > Jet energy correction factor derived > Method cor'r'ec’red for biases in
from |+jets analysis the measured mass and statistical

- Data a0 uncertainty
| —11,m=172.5 GeV DO, 9'7 ,fb 4

u m =165 GeV tt— fvevbb

. "'.-WOGO'V Frur.
- |. nstrumental :* o :
 @Diboson  illAs]" i, e A e e 157255
_DZ- ¢ el ~{l:
il

+172.5
PRt ————

,
¢
}
|
:
i
;

>
(8]
(&)
v
2
$
w

-
-
o

s
o
R

DO Monte Carlo
: P, =-1.39 4 0.03
5- p,=089:001

g 8

8 8

measured m-172.5 (GeV)
ol

LA A UEE B
. N
roe

200 220 L |
0 Gelt” Preliminare

e —~— - —

73.32 + 1.36(stat) + ( 0.85 GeV My =173.9 &
s —




e s N
_-_.,..- e ke e AR
-

LS ety . e
: S T A

e 5 e — —- - vty > e < Lo lipgyr - - i N

Top quark pole mass

arXiv:1605.06168; Top quark mass [GeV] Cross section o(tt) [pb] |
; 150 9.70 £ 0.16 (stat.)* 573 (syst.) B
5 e— ¢ Submitted to ?ﬁy 5. Rev. D 160 8.25 £ 0.14 (stat.) 583 (syst.) B
p? — M? —il'y M, 5 165 7.46 +0.13 (stat.) (27 (syst.)

4 Direct mass measurements are based on top 170 7.55 % 0.13 (stat.) £5:33 (syst.)

| 172.5 7.26 +0.12 (stat.) 527 (syst.) B
quark mass scheme implemented in the MC - 7128 4 0.12 (stat. ) 03 (syst.), [0
s vC pole g 180 6.86 £ 0.12 (stat.)*§:37 (syst.) =
ol my a my (A = GeV) 185 6.50 &+ 0.11 (stat.) 533 (syst.) B
190 6.70 £ 0.11 (stat.)* 55> (syst.)

1 > -
g > -
>~ \..»" A
o

b

Can not be used directly for precise |
~ NLO/NNLO theoretical predictions o¢ = 7.26 % 0.13(stat.) o 37 (syst. )pb B

;- i e Syt = _'
~ ~ Pole mass can be extracted from my = 172.8 £ 1.1(theo) 5y (ezp) Ge

- inclusive cross section measurement

D0 9.7 fb™

> Well defined mass parameter in QFT -

~— Measured dependence of o

~— NNLO+NNLL

Use l+jets and dilepton channel cross section
measur'emen‘r

,Employ the dependence of the inclusive cross

. epcti : 160 170 180
ke s as calculated in pQCD ‘_ Top quark pole mass (GeV)
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I Summary

:

:

Tevatron was operating for 25 years

One of the highlights was the top quark discovery followed by more than
20 years of interesting results

Top quark studies are coming to conclusion
Few remaining results are still expected to be published

Due to the cross section dependency on initial states many measurements

are complementary to the LHC

Results are in agreement with the standard model

Top quark mass is measured with excellent and competitive precision

.-

Many analysis techniques were developed in these studies and passed to the /

nhext generation experiments
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Publications

http://www-cdf.fnal.gov/physics/new/top/top.himl

http://www-dO.fnal.gov/dO publications/
dO pubs list bytopic.html#top



http://www-d0.fnal.gov/d0_publications/d0_pubs_list_bytopic.html#top
http://www-cdf.fnal.gov/physics/new/top/top.html
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(~3x10 s)

~ The top |ifetime (~5x10 s) smaller than the spin-decorrelation time from spin-spin interactions

Spm correlations "

> Possible to study spin related phenomena

Phys. Lett. B 757, 199 (2016)
O o * ol =@ = .
a o) +old) +a(lt) + a(tl)

> The strength of spin correlation depends on production mechanism

> Build discriminant based on event-by-event probability
about spin correlations predicted by SM and
null (no correlation) hypothesis

> In P, assumption about hypothesis is in matrix element

3 > Result consistent with SM (0.8) with an evidence of spin
; correlations at @4.20
& O,:r = 0.89 & 0.22(stat + syst)
S et R T T e .
-, ~ Obtained a fraction of gg fusion in production, also
. consistent with the SM (0.135) f,, = 0.08 & 0.16

> @Tevatron the most significant contribution is from the qq annihilation ~0.99 (~ -0.36 from gg fusnon)

> In SM expect spin correlation, while in some BSM models, like SUSY stop pair production don't

&
@
,
€
J

—.w:’f-1;v ; ‘
! l

s .,v"‘af—::.,_.'.'.‘_.
¥ /- e
. F M 1)

e Pi(z, SM)
Ptg(iv, SM) e Ptg(aj, null)
TRt et
m450 ...................................... ——————p——r— — r_
2 —=— Data B
-E- 400 Dg 9.7 fb ==« No Spin Corr B
w350 - ~— With Spin Corr
300 " B Background =

0 01020304 0506070809 1 |
Discriminant R !
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T’r produc‘hon Cross sec’rlo

| .s.i-i:-Sys’remaTlc uncertainties

TABLE IV. Sources of grouped post-fit systematic uncertainties for the ¢ cross section measurement. Owing to the oompIeon\

g of the correlations among the systematic uncertainties, we only show here the symmetrized uncertainties. For the top qua.rk ~
:’ - signal and background contributions we assume m¢ = 172.5 GeV. For each group, the systematic uncertainty on the inclusive f" f
i ross section is given for the £+jets, £¢, and combined measurement. The last column shows the shift in pb in the combmed oy
- inclusive cross section due to a particular group. A shift of 0.00 pb indicates a shift of less than 0.004 pb. The total uncertainty
B F;] provided by the nominal fit, when including all individual sources of systematic uncertainties, and denoted as “central @
~ COLLIE". For comparison only we also provide the combined systematic uncertainty (quadratic sum) of the grouped post-fit
- systematic uncertainties. Due to correlations between the systematic uncertainties, that value differs from the total systematic

| Emcertainty of the nominal fit.

‘ ;

BT~

B %omce of uncertainty 844 jets, Db 8s¢, pb Seomt., Pb Shift, pb ‘ e
 Signal modeling

\_' .

- Signal generator +0.21 +0.05 +0.17 +0.08 p--
= ] Hadronization +0.26 +0.33 +0.25 +0.12 |

- Color reconnection +0.08 +0.05 +0.09 +0.02

: 1 ISR/FSR. variation +0.08 +0.04 +0.06 —0.05
PDF +0.04 +0.03 +0.02 -0.01
Detector modeling
: l Jet modeling & ID +0.11 +0.08 +0.04 +0.07
- b-jet modeling & ID +0.27 +0.26 +0.23 -0.15
!
!

Lepton modeling & ID +0.20 +0.26 +0.17 -0.11
Trigger efficiency +0.32 +0.08 +0.16 +0.01
Luminosity +0.30 +0.30 +0.27 +0.10

" Sample Composition
MC cross sections +0.07 +0.13 +0.09 +0.01
‘ Multijet contribution +0.11 +0.02 +0.10 +0.10
W +jets scale factor +0.21 +0.01 +0.15 —0.50
" Z/" +jets scale factor +0.07 £0.11 +0.12 +0.12
MC statistics +0.01 +0.01 +0.02 +0.00

Total systematic uncertainty (quadratic sum) +0.70 +0.64 +0.60

‘Total systematic uncertainty (central COLLIE) +0.67 +0.73 +0.55

|

—— — ——
——— ——— e —
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Polarization

> the beam axis given by the direction of the proton beam,

> the helicity axis given by the direction of the parent top
quark,

- > the transverse axis 1, given as perpendicular to the
. production plane defined by the proton and parent top
quark directions. The positive T axis is given by cross

' - product p(p) = p(t) [8, 9]




