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D Top quark introduction

» Top is the heaviest fundamental » Strong interaction: Top pairs
particle discovered so far: ¢
—m =174.3 £ 0.8 GeV [ai:1407.2682] > <

» Top plays special role in EWSB ? i
— A, =0.995 £ 0.005 (ndrect t

— {

s Lifetime: 1 = 5x10%°s << Noco /

— Observe bare quark \ f so—— |
gq annihilation gg fusion

Tevatron vs. LHC:
(1.96 TeV 7/8 TeV)

qq: ~85% ~15/13% (~10%, 14 Tev)
9g9:. ~15% ~85/87% (~90%, 14 Tev)
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¥D Top quark introduction

® Top is the heaviest fundamental
particle discovered so far:

—m =174.3 £ 0.8 GeV [ai:1407.2682]
» Top plays special role in EWSB ?

dilepton

— A, = 0.995 % 0.005 (ndrect ~ BR, bg
ot o v decrease
s Lifetime: 1= 5x10°°s << A O .
QCD - lepton+jets .
— Observe bare quark t W
. proton
» Different decay channels: ¢ g ,
& . b
q t
Top Pair Branching Fractions pias w- q
q
All hadronic 4 O
; _. |
q9
BR, bg
increase b
1:%‘1‘9 LN T antiproton " ===
‘\*\t}"%\_ -1\% .o ¥ u+jets 15% p g’
¢ e+jets 15% ~ g
"dileptons™ "lepton+jets”
3
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— Mass measurements at the Tevatron, see S.Sharyy
— 2 Posters on production of top quarks, see J.Franc, J.Lim
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¥ Top charge

» Fully reconstruct top pairs in 160 0% by PRD-RC [arxiv:1407.4837]

-t

Q
N
I

lepton+jets decay channel £ 140 D2, 531" * Data -

» |dentify b-jet charge by jet S 120F -
charge algorithm o 1007 ]

* Exclude -4/3 hypothesis with 5 s.d. & 8o¢ E
T T 5 60 -

_Dg, 5.3fb‘1l_ :ggﬂM i .CEJ 405_ _

S a0b E

] — Data —

] 0.5 1 1.5 2

Probability
3
[

—

S
&
I

| T

10-8_: . i : A - D@, 5.3
400 B0 . 0 2005 50 100 08¢ ]
Ln(A) , 0.6 .
» Fraction of BSM quarks = -
— i
FBSM < 0.46 @ 95% C.L. 02}
N

4 05 o0 05

» Confirmed earlier measurements Fmoas
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DEY Top quark asymmetries

* Interference appears at NLO QCD: Tevatron4 top
anti-top
—<—{yyurn
+ 4 Y
T h-
Positive asymmetry Negative asymmetry A
— Only occurs in gq initial state; gg is fwd-bwd symmetric Y=Y =Y
» This is a forward-backward asymmetry at Tevatron N(Ay >0) — N(Ay <0)

» No valence anti-quarks at LHC — t more central FB N(Ay > 0)+ N(Ay <0)

LHC A top
anti-top

|
n

N(Alye| > 0) — N(Alye| <0)

N(Aly:| > 0) + N(Alye < 0)

Ac =

E A. Jung Properties of the top quark 7



DEJ Top quark asymmetries

» Interference appears at NLO QCD: TevatronA top
anti-top
——<— (YT
+ 17 +
—>— T — ’
Positive asymmetry Negative asymmetry A
— Only occurs in gq initial state; gg is fwd-bwd symmetric Y=Y =Y
» This is a forward-backward asymmetry at Tevatron N(Ay >0) - N(Ay <0)

» No valence anti-quarks at LHC — t more central FB N(Ay > 0)+ N(Ay <0)

- SM predictions at NLO (QCD+EWK) LHC 4 = -
— Tevatron: A__~ 8-9 % vs. LHC: A_~1 %

— Update: 10% at NNLO+NNLL

|
n
» Experimentally: Asymmetries based on decay leptons N(A|yt| > 0) — N(Aly:| < 0)
or fully reconstructed top quarks  «casier’ = N(A|y:| > 0) + N(Aly| < 0)

“harder”
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E5 Complementarity

AJHEP 1402 (2014)

*» Measurements at Tevatron 0.08 1=
& LHC are complementary ATLAS
> Variety of models with wide
parameter space still

allowed - W', G, w, ¢, Q

0.06

0.04

Models from:

PRD B4 115013,
JHEP 1109 (2011) 09

|IIII|IIII-‘1IIII-

0.2
A

FB

0.3 0.4

0.5
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¥ Lepton asymmetries 25

Leptonic asymmetries less affected by reconstruction effects:

° [epton+jets, full Run Il data set, Final measurements

— Maximize acceptance & precision: Include the 3 jet bin
» | arger contribution of backgrounds in 3 jet bin

— need to calibrate W+jets, use 0 b-tag

— Improved background rejection and modeling
» Discriminant D_to determine sample composition

7y m 2 Il Top pairs

i - t4 DG, 9.7 fb 0 bt t used ,

€ 1000 fpeeiem mesmemeniot | EWeiets

~ i lepton asymmetry I Multijet

b = « Data
500/~ 3J.0b 3,1b  3j=2b  >4j,0b  >4j1b  >4j>2b

= 12F ; Mt i

T %%M‘MWW%

= ; : i : : .

2 9 1 2 4 5 6

D,
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http://arxiv.org/abs/1403.1294

¥ Lepton as ymmelries 51,

s lepton+jets, updated measurement of £ £ 1000 DO, gvbﬂtzﬂ e 5WPP
leptonic asymmetries : in measurement e
» Discriminant D_to determine sample SO0 1P 3=2b 2400 2q)b 422D
composition .k
* Need to calibrate W+tjets, use 0 b-tag & ;:1 ““”“W‘““‘WW%W%WW‘
0.4f D@, 9.7 b * iH _______ = 3 6
i} 32 1oLt > Asymmetry in W-+jets control region
< 0.dp ), dLalt¥ (CR) different from MC
0T > PDF uncertainty shown by yellow bars
of ¢ Data --Fittodata » Full difference between data and MC
02f ©MC —FittoMC slope taken as systematic uncertainty
0 02 04 06 08 1 1.2 14
|y
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DEJ Lepton asymmetries .,
» lepton+jets, updated measurement of 5gf D@97

leptonic asymmetries 100f
» Discriminant D_to determine sample 50,

200F D@, 9.71b™

Events
Events

composition o &
S 45 1050 05 1 1.5 8 -15 -1 05 0 05 1 15
° 9 9%
In agreement with SM:
A = 4.2 + 2.3 (stat.) +54 (syst) 14E —
12[ DO, 9.7 fb™ T
MC@NLO: 2% 10 | Production Level |y|<:1 5 |
8 |- T
°> Differential measurement of X 6 _ |
. 0 4 ;— 4
the leptonic asymmetry o e
» A affected by polarization aE. | -
A. Falkowski, M. L. Mangano, A.Martin, G. Perez, g f—
and J. Winter, Phys. Rev. D 87, 034039 (2013) 4 - 1
6| o o s e B pon g6 g e 6 floy s e g o il s w
20 30 40 50 60 710 80 90 ---

Lepton P, [GeV]
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Lepton asymmetries DI

» Update in dilepton decay channel by CDF employing 9.1/fb

tt > I'T +2jets + F; CDF Run Il Preliminary (9.1 fb™)
0.3 S I+ Data
0.2E 4— Fit
= s —— _
g 01 L1 1— 3 — POWHEG tf
— Qb - Uncertainties
88 0.1 ]q_ i @lo
-0.2F PRL 113 042001 4 Stat.
03E 5000 Stat.+Sys.
0 0.5 1 1.5 2
jam|
—>

A= 7.2£6.0 (tot) %
Combined A = 9.0+ 2% (tot.) %
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Lepton asymmetries B *]

» Update in dilepton decay channel by CDF employing 9.1/fb

tt > I'T +2jets + F;

CDF Run Il Preliminary (9.1 fb™)

03¢ 4+ Data
__ 02F " d—Fit
g 0.1 ‘I A1 ] PowHEGH
o U ]”’4_‘ """"""" e Uncertainties
‘< 0.1F -|— { (o)
0.2F PRL 113 042001 4 Stat.
03E . 51070 Stat.+Sys.
0 0.5 1 1.5 2
jam|
—>

A= 7.2+6.0 (tot.) %

Combined A = 9.0+ 2% (tot.) %

Updated DO measurement:

» Agrees with NLO SM
 |n agreement with CDF

*Inf<1.5

-

PRD 88, 112002 (2013)

A= 44+3.7 (stat.) £ 1.1 (syst) %
A, =123 154 (stat.) £ 1.5 (syst.) %

—>

D@, L=9.7 b’

o 15-® Data

-m MC@NLO 3¢
"+ Model 1
" 4 Model 2
"% SM NLO

(%)

10

| | | | | | | | | | | | | | | | | | | | | |
0 5 10 15 20 i

A" (%)
About 1.8 s.d. difference in
the ratio A|/A|| to the SM

DO combination:

A=421+20(stat)+ 1.4 (sys.) %

E A. Jung
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042001
http://arxiv.org/abs/1308.6690

Lepton asymmetries

» All use full data set, DO + CDF combinations to come

Lepton gqn Asymmetry (lepton+jets and dileptons)
— 9.0, % CDE

—— 4.212.4% DO

_epton An Asymmetry (dileptons)

e e— 7.6 +8.2%

————— 12.3 + 5.6 %

Bernreuther & 51, Phys.Rev., D86 (2012) 034026

0 5 10 15 20
Asymmetry, %

Properties of the top quark

15



1¥5 Top quark asymmetries

» Lots of effort went into maximizing expected significance:
— Understand & Improve systematic uncertainties
— |Increase available sample size
> Full Run |l expected statistical uncertainty 4.6%, need 3% for 5
s.d. significance (given central value does not move) — Can we get to 3% ?

New kinematic fit:
» Flavor dependent transfer fcts

> Analytical solution for p(v) 0.9
(Betchart, Demina, Harel NIM A 736 (2014) 169)

1

[ — —— — — — —

------- >4 jet, PRD 84, 112005

—— >4 jet, new kinematic fit

Partial {t reconstruction:
> Lost jet is in 80% from hadronic top
> Construct a likelihood & correctly

0.7

: 0.6 — 3 jet, partial reconstruction
reconstruct sign of Ay: = Jet P
: 05----l----l----l--..I....I....
> IP.(24)=776% & 0.5 1 1.5 2 5 5 3
P.(=3)=745% |Ay|

E A. Jung Properties of the top quark 16



¥ Top quark asymmetries

» Shares same selection as the one for the leptonic asymmetry
measurement, also employs Discriminant D_

» Combine several channels (w different purity) & unfold to parton level
i1fi 3j 1b-t 4j 1b-tag
— used modified TUnfold e so a7 £ 200 TR
— Acc. by PRD [arxiv:1405.0421] Z 4oof (c) | & 122 (d)
200f 505
2 1,5; £ 150
= THS T 1
E Ber—pe——g = B % 5
3j =2b-tag Ay 4j =2b-tag Ay
£ 2000 Do, 977 | £ . F DO, 9.7
> Achieved improvement beyond ~ © = T ; )
luminosity scaling with 3% 50 . =
total uncertainty § 5l s ventiibyy ] £ 5 S——
» SM @NNLO ~10% (Czakon, Mitov, etal.) o 05%— 0 2 = i 0 5 \

—p —
AFB =10.6£3.0 (tOt-) % Do agrees with SM within uncertainties

CDF: A =164 +45 (tOt.) 0, — CDF higher than SM predictions
E A. Jung Properties of the top quark 17
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¥D Top quark asymmetlries

» Shares same selection as the one for the leptonic asymmetry
measurement, also employs Discriminant D_

» Combine several channels (w different purity) & unfo

— used modified TUnfold
»m(tt) dependence of A__:

» 2D regularized unfolding
— account for variable bin-size

3j 1b-tag

D@, 9.7fb™

Data/Exp
(@]
(6]
9

800

[arxiv:1405.0421]

d to parton leve
4j 1b-tag

D@, 9.7

Events
N
o
o
[

Eg‘““"“%ﬁﬁﬁ‘ %

400 600 800

Data/Exp

,— condition is curvature density 3 =2b-tag My [GeV] 4j =2btag TV

P 2 150F pg.e7’ | £ 4 D@, 9.7
2_ f//..,- o o 1505—

: 100F

T L —— 7 10 50} )

: 2 3 1 5: )

< 9% ; s I

- 10 S 8 Y2400 600 800
B - m [GeV]
& N — 16
" ""200 200 600 800 1000 1200

m [GeV]
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Top quark asymmetries

° EX|st|ng CDF measurement in |+jets decay channel also measured
kinematic dependence of A__

0sF- DG, 9.71b” __ : 06 D@, 9.71b"
[ [arxiv:1405.0421] = 0.5'_ ¢ Data
h: | | [ t - — MC@NLO T
02 ¢ Data —MC@NLO 0'1-_ | % ’ {
- —PRD 86, 034026 ¢ CDF Data ' i E
O et BRD 870920020 | ==
300350 400 450 B00 550 600 650 700 750 - 0 0.5 1 G 2 .-
g [GeV] | Ay

» Kinematic dependencies larger than “currently” predicted by SM

> Good agreement of DO data with most recent pQCD @NNLO
(see yesterdays talk by Michael Czakon)
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¥D Top quark asymmetries

> New measurement by DO in the dilepton channel employing the
matrix element method:
— assign a likelihood per event for most probably Ay (x) value

=
=
m
T
|
o
=

D@ Preliminary, L=9.7 b’

dP/dAy (events/0.17)
w = (%)) (o)) ~J (o)
o o o o o o

N
o

~ = Data: 542

Il Dibosons: 7.222
[ | Fake bkg: 18.2
[1Z-11:36.6

B t1: 458

—
i o
m_lll\||\||‘|||I|I\II‘II\I|\III|II\I|\II\|I\

» Control distributions show reasonable data
modeling by MC — extract asymmetry

dP/dM (events/8.33 GeV)

DILEPTON DO Preliminary, L=9.7 fb’’
45 ? E=2 Data: 542
a0 Il Dibosons: 7.222

[ ] Fake bkg: 18.2

35 Z - 1l:36.6
30 I % 458
25—
20—

- -
g o O

_&.—_

dP/dpT (events/6.67 GeV)

300 350 400 450 500 550 600 650 700 750 800

M, (GeV)
DILEPTON D@ Preliminary, L=9.7 fb™
E == Data: 1084

70— Il Dibosons: 14.44
E [ |1 Fake bkg: 36.4

60 1z 17321

50° Bl ti:915.9

40"

30-

205

10

p, (D) (GeV)

E A. Jung
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¥ Top quark asymmetries

» Systematic uncertainties dominated by signal modeling, in
particular hadronization and showering and calibration

DILEPTON DQJ Preliminary, L=9.7 fb™ Source of uncertainty Uncertainty on Al (%)
g 60 ;_A:iw=11-3% Data-Bkg: 480 Dlet‘.ectm‘ .-n'wdei??ng
..\9 - e DMC it: 458 J.et energy scale | 0.14
e 50— A =4.0% jet energy resolution 0.17
d>) C flavor-dependent jet response 0.03
; 40 — b-tagging 0.11
g C Signal modeling
S 30F ISR/FSR 0.32
- forward /backward ISR 0.36
20 :— hadronisation and showering —» 1.08
B higher order correction 0.80
10— PDF 0.60
- Background model
0-.".:) - _|4 = fake background normalization 0.35
Ay fake background shape 0.35
ﬂ TeSt SM or teSt for BSM, but need to background normalization 0.53
. . . . . . Calibration
consider unknown polarization in calibration Ayes model L w
e calibration statistics 0.4
A_= 18.02%6.9 (tot.) % | [
A, = 18.0 +6.9 (tot.) + 5.1(model) %

E A. Jung Properties of the top quark 21



¥ Top quark asymmetries

Summary of the current situation:

» Most Tevatron results use
full data sets
» Combinations to come

Theory:

» Latest @NNLO is = 10%
— agreement with DO,
while CDF little higher

DD 9.7 fb " lepton+jet  10.6 £ 3.0 % &=

CDF 9.4 fb ' lepton+jet 16.4 =4.7% —*—

CDF 5.1 fb " dilepton 42 £16%

D@ 9.7 fb ' dilepton  18.0£6.9% ——

Bernreuther & Si, Phys.Rev., D86 (2012) 034ﬂ|26

0 10 20 30 40 50
Asymmetry (%)

E A. Jung Properties of the top quark
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DD Axi gluons & Z' models

» Various axi gluon models with different couplings, differential cross
section predictions (. Falkowicz, et al.)

@ Compare various models to
unfolded cross section data
using full covariance matrix:

X2 =) (y—p)i-covy; -
I
@ Models with masses of 0.2 to
2 TeV for L (left), R (right), A
(axial)
» Models are constrained by
a(tt), A_, and high tail of

do/dm(tt) at Tevatron and LHC

o — gl

Ratio to data

(b) DO ¥ =971

-+ Axi200L AXi200A
-« Axi2000L — Axi400A S
: — Axi800A ©
Axi200R  __ pvisoo0A | o
=== AXi2000R — 7220 o
' farxiv:1401.2443] °
_ P U5
o E ©
*—i T T o
et I
0.5 1 1.5
|y*oP|

-9
T I T T

N
T T | T T

- (b) DO £ =97 1

- AXi200L AXxi200A

- AXi2000L - AXi400A

] — AXiS800A
Axi200R  __ Axi2000A

=== AXi2000R — 7’220

T T R R PRI T N [ T
400 600 800 1000 1200

m(tt) [GeV]

M (tt) [x*/ndf] thp [x?/ndf]

‘ytop ‘ [.\ 2/71 (fﬂ

axi200L 0.96 1.07 1.20
@ Some models are in tension ey 0'2? i 122
with the presented data ! axi200A 0.8 359 388
' _ axid00A 0.44 2.65 3.26
— Z', some axi gluons axiS00A 0.97 2.86 3.23
axi2000L 0.58 155 3.78
Tevatron data adds sensitivity at low mass | axi2000r 0.43 1.94 2.75
. o : axi2000A 0.88 3.56 4.11
— specific models constrained i P —-— -
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5 Other asymmetries...

What about b-quark asymmetries ?

» CDF: Data side-band technique to estimate light quark asymmetry

|ldentify b and b employing jet charge

» Bayesian technique to correct for detector effects

» Results agree with SM

* DO uses B* — J/Y K* to probe asymmetry of b- quarks
» Unbinned maximum likelihood fit

D@ Run II Preliminary

Events / 5 MeV/c?

(=}
T

—— Data
— Signal: chgS
B9 Bked: auf P
- Bkgd: chTT

" MUWK) (GeVid)

Conf. Note 11092

_ CDF Run II Preliminary fE =95fh!
5 T

3000
2000F

1000f

CDF Run Il Preliminary (9.5 fb") Tag Type: All
< 3 M, > 325 GeVi/c?
S s 4 _

% 5000F B non-bb
€ C E model +16
% 40005_ - CDF data

A FB [%]

NLO SM
= (PRL 111 062003)

=== Axigluon 200 GeV/c? |
-------- Axigluon 345 GeV/c?

DO Note 6441-CONF

A =-0.26 + 0.41

+ 017 %

MC@NLO: 1.63 + 0.43 + X.xX %

— %
Stat.

/

To come: scales,pdf

25 ) 325
bb mass [GeV/c?]

D@ Run IT Preliminary

—e— |N| bins

1 !
0.1<Nn|<0.7 0.7< <12 Imi>12
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B63/
http://www-cdf.fnal.gov/physics/new/top/2014/Afbbpub/index.html

D3 Summary & Qutlook

» Final legacy measurements of top quark properties
— Expect spin correlation & polarization measurements soon (DO)

» What about the forward-backward Asymmetry ?
— DO closer to SM, CDF somewhat larger than SM
— Latest: DO consistent with A__ prediction at NNLO QCD

— b-quark asymmetries agree with SM expectations
— No indication for axi gluon/Z' contributions in differential cross
sections
> Tevatron combinations to come

» Focused on asymmetry results, only small selection of property
results shown, more information:
DO Top Web pages CDF Top Web pages

E A. Jung Properties of the top quark 25
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¥D Backup
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P E — ]
@ Peak luminosities: 3 — 4 x 10% cm™s™
» ~10 fb”'/experiment recorded @ ~5 (25) fb'/experiment recorded
@ Tevatron shutdown September 2011 » LHC consolidation/upgrades till 2015

A. Jung Properties of the top quark 27
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D¥ED Top quark width

» Measurement of width

Tagged
i
[
0.08— — lpp = 1.5 GeV
g T =50GeV
0.06— tap
[ — T, =10.0 GeV
0.04—
002
fon 150 250 e

M [Gelic®)

*topy et s

CDF Il Preliminary 8.7 fb™

€8 2 CL {stat+syst)

- N W R U DN Do o
I

—— 85 % CL {stat+syst)

g.c:'
_—
p%
0%}
=
th
=)
-
i s ]
4o

Dineast GEV)
CDF Run II Preliminary 8.7 fb~?

Systematic Al'viess GV )

Jet Resolution 0.56

—p» Color Reconnection 0.69

—> Generator 0.50

Higher Order Effect 0.21

Residual Jet Energy Scale 0.19

Parton Distribution Functions 0.24

b Jet Energy Scale 0.28

Background Shape 0.18

gg Fraction 0.26

Radiation 0.17

Lepton Energy 0.03

Multiple Hadron Interaction 125

Total Effect 122

Properties of the top quark
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CDF Il Preliminary J- Ldt=51fb"

¥ Spin correlations

> Spin correlation affect decay products,
spin state of top quark is preserved

» Complementary due to initial state
» Evidence for spin correlations at DO

FC

or = 0.85 £ 0.29 (stat. + syst.)

1
0.8~

0.6~

o~ -

I T T T T I
DI L=5.4 fio

0.4

0.2

DY, L=5.3 fb™

w | —— Data
s 120 — tt SM spin corr.
= tt no spin corr.
100-] HEM measured tt
1 HE Other
. W+jets

807 mmm Multijet

0.5 .
R

0.45

0 0.4
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DEJ Lepton asymmetries

c
201~ DO, 9.7 fb"’ T Absolute uncertainty, %
E Prodiicton Taval Reconstruction level Prod. level
15 Source Prediction Measurement Measurement
= [ ] -
- Jet reco —0.1 = —
X 10F JES/JER 40.1 +0.1/-0.3 + 82/ 63
- i Signal modeling — —0.2 +0.6/-0.4
--'::'-'- 5 b tagging +0.1 +0.5/—0.8 +0.8/-1.1
B Bg subtraction n/a +0.1/-0.3 +0.1/-0.3
0: ek 2 Bg modeling n/a +1.4/-1.5 +1.3/—-1.5
- PDFs E 1+0.3/—-0.2 1+0.1/-0.2
B Total +0.1 +1.5/—1.7 +1.7/-2.0
-5 __I- 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ] 1 I L1 1 I ]
0 0.8 1 1.2 1.4
ly | Forward-Backward Lepton Asymmetry, %
J : e —il i D@, 9.71b
3jets,Tbhtag 1 % Production Level
Channel Data MC@NLO 3 jets, 22 b tags
[+3jets, 1 b tag —6.8 + 6.0 (stat.) 7o % (syst.) 2.7+0.4 i
[+3jets, >2 b tags 7+ 4.3 (stat.) 1L (syst.) 2.8+0.3 fiiiz  24gets, 1btag
[+>4jets, 1 btag  14.8 4.2 (stat.)T ]} (syst.) 0.5+0.3 _ e
[+>4jets, >2 b tags —0.9 & 3.2 (stat.) 722 (syst.) 1.140.2 24 jets, 22 btags | o
Og MC@NLO 3.4} Combined: (42 )/o
Total 2.9 + 2.1 (stat.) 73 (syst.) 1.6 +£0.2 | | CpiEdINDF B3
-20 -10 0 10 20
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DEJ Lepton asymmetries

D@, L=9.7 fb” i D@, L=9.7 fb’ (b)
100}~ = 7 [ * Data
- (b) [ Instrum. 30Fr—MC@NLO  m—
I Il Diboson | —Model 1
80~ e Data - —Model 2
; i 200 —
& 60 X i —
- B — i
S I < 10 ¢
~ 40 ;
: J—
20_— -
O_ _‘]0__I | 1 | | | | | | | 1 | 1 | | | | | | | | | 1
4 -3 -2 -1 0 1 2 3 4 0 0.5 1 1.5 2
An An|
Corrected Extrapolated
Ay A%  Aly AD
Source

Object 1D 0.54 0.50 0.59 0.60
Background 0.66 0.74 0.72 0.88
Hadronization 0.52 0.62 0.62 0.92
MC statistics 0.19 0.23 0.23 0.37
Total 1.02 1.2 1.14 146
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ﬁg Top quark asymmetrles

300" CDF Runli Preliminary (9.1 f6") J | Background
- tt— I'I+2jets + ;3 ‘\‘ Subtracted
. 250 : ' 3 ! Data
3 200 F H =
__3 - Al 41 POWHEG
- 150 _ 77 3 (c=7.4pb)
S 100 | + | %( ED
= - Uncertainty
s 27
= 0 g+ . B RRRaEnn s
o 100 F = — Data-SM Exp.
E 0 E Z‘I‘l Fl;ij;if- ; Systematic
S -100 3 1 = & Uncertainty
-3 -2 g 1 2 2
An

ttﬁﬁ'+21&ts+ ET

0.4
= 0.2

AT
Fé (JAn
o

A

-0.2
-0.4

CDF Run |l Prellmlnary (9.1 fb )

——

—+ Data
— Fit

_=—~—~————“__ — POWHEG ff

Uncertainties
(£1 o)

Stat.
Stat.+Sys.

An|

CDF Run II Preliminary (9.1 ﬂj_'}

Source of Uncertainty

{‘Jiﬁg] Value
Backgrounds 0.037
Asymmetric Modeling 0.012
Jet Energy Scale 0.003
Symmetric Modeling 0.004
Total Systematic 0.039
Statistical 0.072

Total Uncertainty 0.082
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DEJ Top quark asymmetries

- D@, 9.7fb”
0.4:— )
0.2
m o
L= REEE etutertil
x

-0.2— ¢ Data —MC@NLO

| --Fittodata —PRD 84, 112005
0.4 1

_||||I||||I||||I||||I||||I||||I||||I||||I||||I|||

300 350 400 450 500 550 600 650 700 750 ---
m_ [GeV]
Reco. level Production level
Source inclusive inclusive 2D

Background model +0.7/—-0.8 1.0 1.1-2.8
Signal model < 0.1 0.5 0.8-5.2
Unfolding N/A 0.5 0.9-1.9
PDFs and pileup 0.3 0.4 0.5-29
Detector model +0.1/—0.3 0.3 0.4-3.3
Sample composition < 0.1 <5l < 0.1
Total +0.8/—-0.9 1.3 2.1-7.5

033 D 0. 71h

0.3

0.25

M 0.2
L

i 0.15

0.1

0.05

—MC@NLO
---Fit to dataI_.____..----""""

¢ Data

di

1.5 2
D@, 9.7fb” = + Data
7 o] — MC@NLO
[ 1 I 1 I I 1 ] 1
3 2 0 1 2 3
Ay

2=
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DEJ Axi gluons & Z' models

» Various axi gluon models with different couplings, differential cross

section predictions provided by A. Falkowicz [arxiv:1401.2443]
Remarks:
@ Models with masses of 0.2 to 2 TeV Tiot (PP — tt) [pb]
and L (left), R (right), A (axial) - p”
@ Large masses highly constrained by  Data 8.2'?7:8:;;% (stat. + syst.)
LHC measurement NNLO pQCD (SM) 7.241022 (scales + pdf)

@ Low masses not so much, but
tough as effects are small

@ Models use inclusive cross sections Aocioi(pp — tt) [pb]
and asymmetry measurements at the

Tevatron, in addition high tail of m(tt) at ~ axi200L 0.97 + 0.06 (scale)

TeF\,/ra?tronRandID-Hég3 112002 (2013) axi200R 0.97 £0.06 (scale)

ys. Rev. D. 88,

PhyS Rev. D 84, 112005 (2011) c1\12(][)f3x 0.06 == 0.04 (chllﬂ‘)

CDF Conf. 11035 axi400A 0.26 £ 0.04 (scale)

| axiS800A 0.22 + 0.04 (scale)

Acc. by PRD [anv:1309.7570] axi2000L 0.87 +0.15 (scale)

ax12000R 0.55 £+ 0.06 (scale)

CMS [arxiv:1309.2030] axi2000A 0.05 + 0.06 (scale)

DO [arxiv:1401.5785] 7290 —1.00 + 0.06 (scale)

CDF PRL 102 222003
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http://arxiv.org/abs/1401.2443
http://arxiv.org/abs/ARXIV:1309.2030
http://arxiv.org/abs/1401.5785
http://arxiv.org/pdf/0903.2850
http://arxiv.org/abs/1309.7570
http://arxiv.org/abs/1308.6690
http://arxiv.org/abs/1107.4995
http://www-cdf.fnal.gov/physics/new/top/2013/AFBlepCombination/topdilLepAfb_Pub_v2.pdf
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