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¥. Top quark intfroduction =
* Top is the heaviest fundamental parficle discovered so far

- m,=173.34 £ 0.76 GeV 3 e R
[arxiv:1403.4427] ;380-45 — 68%and95%1chitcontours ’ -
C w/o M,,, m and M, measurements _
L' , . 05 s0.4 L M,, world average * 1o i A
a Lifetime: T = 5x10%°s << T, E
— Observe bare quark properties 0 E
» Large Yukawa coupling to Higgs lboson wis N
- )\vt ~ ] 14(‘1'I - I150I — I1(;0I - F1'l'0ll I I18|0I - I1S|)0I - I200
m, [GeV]

special role in electroweak sysmmetry breaking ?

* |f we could calculate the Higgs mass:
— Large corrections to the Higgs mass from top quark “loops”

// PR (Hierarchy problem)
\
_h+ B h \\ /

h h
Top quarks as window to new physics
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¥ [op quark infroduction

e StrongQ inferaction: Top pAairs

nrr-»

LHC (7/8 TeV): t
qq: ~15/13% (~10%, 14 TeV)
gg: ~85/87% (~90%, 14 TeV) )
# t
— {
t .
gqg annihilation gg fusion
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[op quark /nfroducf/on

» Strong inferaction: Top pAairs
LHC (7/8 TeV):

qq: ~15/13% (~10%, 14 TeV)
gg. ~85/87% (~90%, 14 TeV)

dllepton

antiproton - BR, bg
v decrease
| :

B lepton+jets .
g W t proton w+ v
' q g b
» Decay channels: gg fusion : .

Top Pair Branching Fractions _ d J

antiproton b q

By, "alljets"” 46% g

All hadronic 4
| tHets 15% -
BR, bg b
% - _

=, 12"/% increase 5

i 5 0 antiproton

1\-\*\};; ‘%f’\ ) i u+jets 15% tiprot 7

ex e+jets 15% q

"dileptons” "lepton+jets”
4
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¥. Top quark asymmefr/es

» Measurements at Tevatron 0.08 HEP 1402 (201
& LHC are complementary
« Variety of models with
wide parameter space still
adllowed » W', G, w, ¢, 2

>
-

Models from:

PRD B4 115013,
JHEP 1109 (2011) 09

0.06

| L1 | | | L1 ] | .‘1 1 L1 1

0.04
LHC A top .
anti-top
< 0.02
>
n O

N(Aly:| > 0) — N(Aly:| < 0)

A=
© " N(AJy| > 0) + N(A[y: < 0)

-0.02

* Asymmetries based on decay “easier” ) T TR R

leptons or fully reconstructed 0 0.1 0.2 A 0.3 0.4 0.5
top quarks “harder” FB
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Charge QSYMMEHes es e

1/c do/d(Aly |)

Data/Simulation

CMS 15 ?Tel\.‘r SGfb CNIS '|S TTeV 50fb
L . (Data background) unfolded E_ 0_5__ . (Data background] unfolded | __ e Dllep-l-on > 2 JeTS & > -l b_
0.6~ Systematic uncertainty 4 4 i Systematic uncertainty ]
MC@NLO parton level % C MC@NLO parton level ] Togs
. 12 - 7 @ Top reconstruction via “Analytical
0.4 ‘ : o gt : . E Matrix Weighting Technique”
[ i : 1@ Kinematic dependence of
i | 0.2F _ : -
0.2 I A 1 AL ©.9. as a funcfion of m(tt)
. ” 0.1F -
I N A | - Ny A lep
C = C ]
Q.Z | | | | "|1 I | | | (lj | | I | JI | | ; | f q‘2 "|1 (l} li . 2 % U {flpi1lsl I‘H,IEI I?ITEFI I5I0I fIl‘)l T T | IIIIIIIII | |||||||||
lyt mll _{ 006 e ( Data - background), unfolded
1'052_ \ - | l E '% 1'052_ # MC@NLO parton level
ST IR B EESPHRN  4Y:
- % E .
0.95F , 1 £ o095k | | | : )
-2 1 0 1 a) -2 -1 0 1 2 0.02_—

Aly, Ahn| T |
In agreement with SM: T

| Variable Data (unfolded) NLO theory | . ..I
Ac —0.0104+0.017 +0.008 0.0123+0.0005 | |
AZF 0.009 £ 0.010 £ 0.006  0.0070 £ 0.0003 | %t hceimatiiiiitiii]
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Charge asymmefr/es oHEP 04 2014) 191

2 T pwiataas: I S ] °Dilepfon, 22 jets &2 1 b-
2 4000F- ATLAS Ot 3 3 2000F ATLAS Ot =
LT';:J ssoof. [ 1= T TV, 46" =§!ngle o g 18002_ ell, \s =7 TeV, 4.6 b =§!ngle oo Ta O]
s000F. ENPe ke o 1600F mwene | @ TOp reconstruction via “Neutrino
- g2 Stat. ® Syst. 1400 g Stat. @ Syst. , \ \ ”
2500- 12000 Weighting Technigque
2000 1000- ° Individual channels (ee,
1500F " uu, ew) are combined
1000E 400F
500; 200f
. 0: . 0_ : T
< 1.5; 1 2 15F 1 — —_————————— T
w F 2 Lij E °°10__ l l—
0.50 5 9 gsb E - o y .
32 0 1 2 3 0-2.5 5451050 05 1 15 2 2.5 - /7, \s=71TeV, 4610 ]
Top and antitop rapidity A 5 __ 7
- Measure top and lepton : & ;
based asymmetry o R
:: o ATLAS data :
In agreement with SM: z ATLAS 2o z
-5 + SM, NLO QCD+EW, Bernreuther(2012) |
A "=0.024 + 0.015 (stat.) £ 0.009 (syst.) 5} A SM,POWHEG-vg+PYTHIAG B
AC” = 0.021 + 0.025 (stat.) + 0.017 (syst) ® : 5 AL [
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Y [op quark asymmetries .-

summary of the current ATLAS+CMS,\'S = 7 TeV preliminary | o o September 2014
\ \ _ = gtat. uncertal_nty
Situation: tt asymmetry T T talunceniny
ATLAS l+jets I—e-h1 0.006 + 0.010 + 0.005
CMS PAS TOP-14-006 [JHEP1402.(2014)107]
CMS l+jets e 0.004 + 0.010 £ 0.011
ATLAS-CONF-2014-012 [PLB 717 (2012) 129]
ATLAS+CMS l+jets ko4 0.005 + 0.007 + 0.006
Preliminary
» Experiment: Dominated by ATLAS dilepton H—f-o——H 0.021%0.025 + 0.017
. . . . reliminary
statistical uncertainties & | cws diepton A -0.010 + 0.017 + 0.008
. . [JHEP 1404 (2014) 191]
signal model dominates | Theory (NLO+EW) 0.0123 £ 0.0005
\ | [PRD 86, 034026 (2012)
systematic unc's
lepton asymmetry
° Theory: Need QCD ATLAS dieptor b—e—4  0.024+0.015 + 0.009
[ ] reliminary
predictions at NNLO CMS dilepton ko4 0.009 + 0.010 + 0.006
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0070 + 0.0003
[PRD 86, 034026 (2012)
| | |
-0.1 0 0.1
AC

—| « All measurements are (so far) in agreement with SM
At increased Vs expect to observe SM asymmetries

» Larger gg fraction reduces them — improved methods, e.g. [arxiv:1309.2889]
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¥ [op quark polarization .~
s In tt production: New physics L
polarizes top quarks 8% VERTTRVAL BB ap--oa
» Polarization infroduced by CP
conserving or violating process: =& d_:b)
100 I epton
— O('/PCPC _O 035 * O 014 (stat.) O 037 (SyST ”/ T op e o
= 0.013 R o
aP.,,= 0020+ 0016 ¢tat) £ 17,7 (syst) 525005A|TLA5 iy e
a,: Spin analyzing power, P, top quark polarization 27 single lepton J5=7TeV 1t Ei}:gd '_':aﬁ=+g§ i
PRL 111, 232002 (2013) i = =iz
» Systematic uncertainties dominated by: tsook s
jet reconstruction & signal model 000 .
: - lepton+jets g _
» Good agreement with SM 7 .

(negllglble polOrIZOTlon)l Olso seen 077.0.8-06-04-02 0 02040608 11 -08-06-04-02 0 02 0.4 06 08 1

cos 6(¢") cos8(¢")
by:— CMS: pRrL 112 (2014) 182001
—» DO' PRD 87, 011103(R) (2013)
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http://arxiv.org/abs/arXiv:1307.6511
http://arxiv.org/abs/1207.0364
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[op quark polarlzahon
s In t production: New physics SmATUS  fea-arpr]f oM man-d
polarizes top quarks o - ~ap=-03

.Bkgd

» Polarization infroduced by CP
conserving or violating process:

| aP.,.= -0.035+0.014 (stat) + 0.037 (syst]
aP.,,= 0020+ 0.0106 Gtat) + 0913 (st
a,: Spin analyzing power, P, top quark polarization

PRL 111, 232002 (2013)
» Good agreement with SM

(negligible polarization), also seen

by:—» CMS: prL 112 (2014) 182001
—s DO: PRD 87, 011103(R) (2013)

* |n single top production, measure
polarized top quarks as expected

P.= 0.82 £ 0.12 (stat.) £ 0.32 (syst.)

a.u.

200

100

nillepton 1t
W st rrdrns

-1 -0.8-0.6-0.4-0.2 0O 020406011 -08-06-04-02 0 0.2 04 06 0.8 1

cos B(£) cosB(£7)
><dIl O? T T r -~~~ "~ r 1
CMS preliminary \s =8 TeV, L =20 fo
A =0.42 £ 0.07 (stat.) £ 0.15 (syst.) T
* unfolded data |
generated (POWHEG)
vz-generated (CompHEP) | -----
| —k.
—— ‘
------ { . _
|
/T ------------
O 1 [1 1 1 | 1 1 | | 1 1
-1 0.5 0 0.5 1

CMS-PAS-TOP-13-001
E A. Jung
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http://arxiv.org/abs/arXiv:1307.6511
http://arxiv.org/abs/1207.0364
http://arxiv.org/abs/1311.3924
https://cds.cern.ch/record/1601800
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[op quark spin correlations

* Top quark spins expected to be correlated in SM
@ Reconstruction based on leptons

— Dilepton decay channel, > 2 jets

- L+jefs decay channel, > 4 jets

» For the first time use a simultaneous fit o azimuthal angles Ag(l,d) & Ag(l,b)
» Dominated by: hadronization uncertainties (ATLAS)

PRD 90 112016 (2014)

ATLAS tt spin correlation measurements
1 _
ILdt:4.6fb ,\s=7TeV (L, (stal) + (syst)
_____________________________________________________________________________________ Al .
5 S - ATLAS :gt(rseﬁ;’"
A¢ (dilepton) ——— 1.19 +0.09 £0.18 ® I _[Ldt=4.6 fo! \s=7TeVv :Lf;;ocorr-)
---------------------------------------- Jij - dilepton @ background
A0 (I+jets) —s—e——— 1.12 +0.11 £0.22 2000~
S-ratio —— 0.87 £0.11 £0.14 i L,
I S 1000
cos(0,) cos(6. :
h"(+) . () — ® 0.75 £0.19 £0.23 . . o
elicity basis L
‘cos(6,) cos(6) o I
.( ) .( ) = . 0.83 +0.14 £0.18
maximal basis ?I:I’St time
0 0.5 1 1.5 2 S 1. I
Standard model fraction = 1 SRR At At o T T S
o8k . . . e
> | Results agree with NLO QCD: Spins correlated! 0 02040608 1 1214 1'651#18 2
-Ratio
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[op quark spin correlations

* Top quark spins expected to be correlated in SM

@ Reconstruction based on leptons
— Dilepton decay channel, > 2 jets
e Unfold to parton level by reg. Unfolding

@ Dominated by:

_>

Results agree with NLO QCD: Spins correlated!

@ Search for top chromomagnetic anomalous couplings ;-5

using differential cross section distribution

0.42

§= .. CMS Preliminary, 5.0 fb" at s =7 TeV
- F —_ —~ 042
T o038 : ~ | == [ CMS Preliminary, 5.0 fb'at Vs =7 TeV
e DB fi g e s -
g . [ Bestfit to data S | o
o g o - SCale -t
= 034 _8 0.36] . . o
S ... uncertainties #
B = o[ 7
0.3E Z F L
028 “E
;_ * Data 028~ . ~ . Data
0.26/— —
E —— Result of the fit 0.26— nominal (ren./fact. scales = m)
0.24— E
= 0-24; — — ren/fact. scales = 2" m,
0.22; SM NLOW 0.22? == ren./fact. scales = m/ 2
0_207\ 1 05\ ] 15| > 55 0_20_w L ‘D_5I L !] L \15\ L \2\ L ‘2{5‘ L

CMS PAS-TOP-14-005

Limits on the chromomagnetic dipole moment Re(u.)

Ao |

|Ay

CMS,5.0fb"at ys =7 TeV
17T

p— = T L | L T 17T | L T T T7T H
-i-: N W. Blarnrauthelar & Z.-G.Sli —— I|Z)ata-bkg.|} unfoldeli ]
< 0.5 (sM,p=m) . ]
ﬂ.- C W.Bernreuther & Z-G.Si Syst. uncertainty ]
O 045 (uncorrelated, u = m,) —— MC@NLO parton level
Unfolding & tfop p, reweighting 8
L o4
—

0.35

0.3

0.2 PRL 112 (2014) 182001

| ]

15 2 25

3

AD,, (radians)

Re(w) = 0,037 + 0.041 (fot.)

—0.043 < Re(u) < 0.117 at 95% CL

E A. Jung
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https://cds.cern.ch/record/1629314?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14005
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[op quark spin correlations

» High precision SM measurements, more and more important in Run |l

s Access top squarks (MSSM: 100% T — ?XO) of similar mass as m,

» Uncertainties dominated by: signal model (Hadronization and ISR/FSR)

= 16000

< b atas -
Is=8TeV,20.3f" 7

T S S R T S
0

£ 140005 [ sm
(O] S
3 120005 {7H(A<0)
10000~ [ Background
8000E [ it 180 Gev
6000§— — = Fit
4000 et
2000
1.2F
o 1.1
T T e R Shey S i
i :
0.9F

\s =8 TeV, 20.3 b
mzo =1 GeV

) 95% CL [pb]

1

"
......
—
.....
' -y

—

-----
...........
.-u--...,_,h —

—

080“02 0.8 1 N T T T [T |
50 [radl]/ 190 200 210 220 230
Exclusion between m and 191 GeV at 95% CL, difficult to access by m; [GeV]
“standard” searches PRL 114, 142001 (2015)
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.142001

W he/IC”Ly IN smgle Top produc’non

JHEP 01 (2015) 053

* W helicity in SM: =0.30 £ f=0.70 4 - oMS L eTweTey
I I I ~,3000F Wt (t-chan.) [ Others p+jets
t D : € [ [Jt(othery []QCD
W b 1 52500; It 7 Stat. unc.
1 . 2000;
» Complements results in pair production | 1500
@ Similar precision but orthogonal systematic 1000 |
uncertainties in single top channels 500
® Signal model & template statfistics B e
-1 -0.8-0.6-0.4-0.2 0 02040608 1
CMS 19.7 fo (8 TeV) cos(6")
-------------- SM pred. (PrD 81 (2010)) CMS 19.7 b (8 TeV)
— Stat. unc. - Combination 0.35-
| Syst. unc. _ I (’“‘“
Totalunc. &% p+jets . \
——— e+jets 0.3;
E = CMS (JHEP 10 (2013)) 0
o ATLAS (JHEP 06 (2012)) oo5l ¢ Data,
- [+ 10 stat. unc.
C—e—] CDF (PRD 87 (2013)) - — Syst. unc.
| —— Total unc.
-—=—e—— D0 (PRD 83 (2011)) 02’_ + SM pred. ®rp st @010)
o3 BT B I E— 065 'o.7'F o 08
Fg 0
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P
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Top quark: FCNC

CMS PAS-TOP-12-037
CMS-PAS-TOP-14-003

» Flavor Changing Neutral Currents are highly

/+

suppressed in SM, but enhancement in b4 -
many models of new physics .
@ Search for FCNC involving Z bosons: t
— |B(t > ug) < 5.7 - 10° B@ - ug) < 3.55 - 10* g 5
Bit-»cg)<27-10% B{t-cg)<344-10° g t
CMS PAS-TOP-12-037 wW— I-
A%
E A. Jung Top quark property measurements at ATLAS and CMS 18


http://cds.cern.ch/record/1700519?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP12037
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP12037

Top quark: FCNC

CMS PAS-TOP-13-017

» Flavor Changing Neutral Currents are highly
suppressed in SM, but enhancement in

many models of new physics
@ Search for FCNC involving Z bosons:

> IB(t > ug)<5.7-
Bt-cg)<2.7-

10° B@ - ug)<3.55-
10¢ B(t—-cg)<3.44-

10
10°

I
z -
t
q
g A b
t
I

w—

@ Search for Higgs boson production in the dilepton
(same sign) and trilepton channel

* Systematic uncertainties dominated by:
Background modeling / cross sections

@ L imit on fop-charm flavor-violating Higgs Yukawa coupling
& upper limits for branching fractions:

Events / bin

Events / bin

VN P+ ]\ ) < 0.18 at 95% CL

— —0 | BResp(t— He) | +0 || BRgs(t— He)
trilepton 0.95 1.33 1.87 1.26
same-sign dilepton || 0.68 0.93 1.26 0.99
combined 0.65 0.89 1.22 0.93

10

19.7 1" (8 TeV)

X1I 6:) T T |
CMS

Preliminary

Same sign gmwzosy ]
dilepton® Rare ]

T ]
- Charge MisID

I Non-prompt -

—t—> Hc (BR=3%) -
e Data i
G uncertainty |

1
10

T T
CMS
Preliminary

trileptons

Niets

S 1|9.|7fb|"(?TIeV_)
B aic E
I Non-prompt ]
B Wz-3 ]
[ Rare E

— t—> Hc (BR = 3%)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13017

Top quark: FCNC

» Search in single tfop production (f-channel)

CMS-PAS-TOP-14-007

. : P Uncertaint
® MVA technique to: suppress QCD, separate signal & - rotese . peerainly
. . . op-quark pair production 15%
g, search for Wib couplings & FCNC inferactions [ single top, s-channel 15%
s Systematic uncertainties dominated by: %“fli t??\;\;g&}}lamel 133;
‘ ' Jets, o
Background normalization Wets, “Wc” 100%
Wets, “W+light” 50%
CMS preliminary, Vs=7 TeV, L=5.0fb" W+jets, “WQX (UE)” 50%
2 E —— S+ Daa QCD (data-driven) 100%
E’ w0l | | Ku/A =004 Drell-Yan process 30%
iy = WW, WZ, ZZ 30%
2500 — 2 |[_]s-chan 1
- |1 tW-chan CMS preliminary,\s = 7 TeV, L = 5.0 fb’
2000 — It < 0051
o S E N T ==Feokgrions
= - - wQQ 0.08— T st epented
1000 — . =z - t =
- i ILL ] — R 0.035 -
so0 E— — |l Drell-Yan 0.03—
— . T 1QCD E
C m 0.025 =
S 02; ; - 0.02
%E x i e : it 1t i 0.015 %-'"'“ ~
a gi; E 0.01 £
E 0.0 ‘ 0.2 ‘ ‘ I 0.4 I ‘ I 0.6 ‘ ‘ 0.8 ‘ ‘ ‘ 1.0 - 0.005 i— Ij
teg FCNC BNN c'o: ' o/clm 006 oos o1
' ' ' KioglA
(Limits on left & right vector and tensor couplings in backup)
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v Itbar+XW. Zy

s Tight photon ID requirements and cuts to suppress R e
the bg & ’ =H

» Observation at 7 TeV by ATLAS and first £ cmsTOP-13-001 |
measurement at 8 TeV by CMS & ||  Firstmeasurement
R =og.\ /0w % ono at 8 TeV!l ]

— (1.07 +0.07(stat.) +£0.27(syst.))-10"2 2 [ “2P,ofclchagedparicleswih J

BAR < 0.4 around photon candidates

_ _ CMS 3
O-tt‘l"]/ = R Utt g 1.2;_ o ' ‘ ]
_ § e b i
= 2.4 £+ 0.2(stat.) = 0.6(syst.) pb S el t +—+
T Tt . \ | ! 1
LI_ L L L 1 1 L L L 1 1 L 1 L 1 1
. 0 2 4 6 8 10
ACC. by PRD [arX|V: 150200586] Charged hadron isolation / GeV
IIII|""|""|""|"’_'+_IIIIIIIIIIIIIII % _ATL/I\S """"""""" Mubric'ha'nﬁei"_ CMSprellmlnal'VL197fb atv’_—BTeV
ATLAS Dat L ] ‘ :
. & (85 180 o7 Tev, [L dt=a.50 1" E,Ef @ 7 8 0 = gfatta uncert. MC
\s=7TeV, J-L dt = 4.59 fb ElTheoreticaI uncertainty - = [~ Id A 10°§ Esvlnc‘ljustlve
> B . - + Jets
s 10— KRN0 =i B 5rge s
Electron channel ——e—— 76 7; (stat.) %2 (syst) * 1 (lumi.) fb i = Smeerrg?rﬁty . @ 102 -ﬁﬂgSign;,)
» N/ T [e] X
Muon channel ——— 55 ' (stat) *1¥ (syst) + 1 (lumi.) fb 500 ] -g_
Combined —.—— 63 + 8 (stat) "7 (syst) + 1 (lumi.) fb E E ; 10
. 0
£
g 2
Theoretical prediction —.— 48 £10fb S 1
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1l 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 5
100 -50 0 50 100 150 200 250 300 = 40 60 80 L&Ot 1E20G \1/40
o, x BR [fo] oton Er{Gev] o 15 n
= +
i i - e ++ ++ ++++ i
» Dominated by object IDs (jets, photon, btag) and g PR T
Y A N S—— : ........

Sigﬂ(]' mOdel reldTed 0 ? CArflarged ha?iron isolat?on/GeV10
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13011
http://arxiv.org/abs/1502.00586

ne»r-»

Y. Ttbar+ X W.2Z y

Events / 0.067

» Associated production of Wand Zin the SM (different mechanisms)

@ Both experiments use data driven
approaches of non-prompt bg

@ Exploit full potential - many channels
(opposite/same sign dilepton, 2/3 leptons, etc.) .

@ Stringent cufts to reduce bg
(various cuts on number of jets, b-tags)
* Mostly counting, ATLAS use 7 variables & NN to search for #fW and ftZin OS di-|

@ Systematic unc's dominated by:

=y
o~

: 2 - L | | | | S 700~ ATLAS Preliminary -
Lepton ID, signal model © [ CMS Preliminary + Observed S [lai-200m 15Ty $0ue  Lfvrem
0 50l 's=8TevL, =195 %tfw 1§ 600 OS dilepton | L
i ttz E 25j, 1b+2b +ets er
. ‘ T _/////; B w2 ] L :>J + |:|th .Oth
- ATLAS Pre“minary -o- Data - background i //% [ Irreducible i 500 ; //ATot unc.
3001 4wt ] 40 = | [l Mismeasured charge —| - R
- \s= 8TeV, | Ldt =20.3 b 77 Background uncertainty % [l Misidentified lepton | 400
C ep 1-jet 1-tag — Backgrounds - E
200 :_ _+_ ] 30 r ~~ BG uncertainty ] 300—
o E.: EPJ C74 3060 (2014) | ¢
F ] 208 B 100{—
O 6 /‘ % 7 7 '/ :
& Z . G, 14 ] obn
- & ' ] 10 i 1 2 1est
-100— ’ — ) _ l 1 & 7 AV ) 3 T AN i?'{ 7/
:\ 111 | 1111 ‘ 111 1 4 111 ‘ 1111 | 1111 ‘ 1111 I | I | 111 \: /‘ ‘g 07;:7 7 '_@. ’LQA'-Q-. '-Q-. W
05 04 03 02 -01 0 01 02 03 04 05 R
~1 -0.8-0.6-04 -0.2 2 04 0. . 1
ATLAS-CONF-2014-038 BDT Response Total wp'u* efwt e'et uuw euw e’ 08-06-04-02 0 0204 06 08

NN output
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-038/
http://dx.doi.org/10.1140/epjc/s10052-014-3060-7

A CMS
¥ Ttbar+X: W, 2 y
S [ | 1 !
» 2D fit of ffW and f1Z cross sections, dominated by statistical unc's
> SM (NLO): o(1tZ) = 206 £ 29 fb and o(ttW) = 203 £ 25 fb
: CMS Preliminary \s=8TeV,L =19.5fb"
) " ATLAS Préliminary X\ % aTasBestrr 4 = [ + 2-d Best Fit
ER: : N T Sl ] sl ~— 5% onow
& affLat=203t \ oo S0 —idBestFit
5 Lis-eTev N ¥ e B = 1diz=10
- \ ////. #Z Theory uncertainty ]| 400__ = 1_-d ttW =10
3L § ~xxx ttW Theory uncertainty _| = s ttZ Theory
- e § .......... 7 B 2222« ttW Theory
2‘_ § ] 300—
0:_ ---------------- E 100(—
E ------------------ \*-&;n; -b-eTI -22);5 -K-a-r:iz;s- ;(; 1-1- ;3:a’rzelll 2011,2012 E
4L | | |.§.|p.(.).|(.?.|(..).T oL O T 7 N S T TS B T S T S R
4 ) 0 2 4 6 8 100 200 300 400 500 5 6[(%8]
ATLAS-CONF-2014-038 G/ Oy (W) EPJ C74 3060 (2014)
—»1 _ Process +5C53rOSS section sign. Process Cross section Significance
ftZ 18022, (stat) +21 (syst)flo 3.1o HW 170130 (stat.) 770 (syst.) fb 160
HW 300 jég stat) 2 (syst)fo 3.1 _HZ | 2007 (stat) e(syst) fb | 310
ttW + ttZ | 3807300 (stat.) 59 (syst.) fb 370
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http://dx.doi.org/10.1140/epjc/s10052-014-3060-7
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-038/

Y. Conclusions & Outlook

CMS

*» Remarkable precision: Signal modeling is the future topic

» High precision Top quark property measurement, also
accessible now in single top quark production (f-channel)

* Results on Asymmetry are not yet completely conclusive...

» Evidence for associated production of W, Z, y

» No significant deviations seen from SM expectations at
LHC Run | =» Waiting for next LHC run ...

Only small limited selection of results shown, more information
ATLAS Top Web pages CMS Top Web pages

Thank youl!

E A. Jung Top quark property measurements at ATLAS and CMS

25


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

N
v, Backup
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¥. SM vacuum stability
» With the Higgs discovery the SMcanbe ™ [ I
extrapolated to Planck scale energies 178 T
* "Test” the stability of the electroweak 3 ol | = e
vacuum, under assumption of nonew £ | r I“(ﬂf?*“’?o“’*‘éai’%fj:
i 2 1745 e
phySICS: e 3_:_:;"' |
- meta-stable, life time > O(10%°) t _ = 12 "i0°
universe B . .
- but new physics can change that
. oL Stabili
dramatically - e )
120 122 124 126 128 130 132
Higgs pole mass M}, in GeV

E. Branchina et al.
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npr-»

LHC and detectors

VS — 7/8 Tev Muon Detectors Tile Calorimeter Liguid Argon Calorimeter

» Peak luminosities: 8 x 10°° cms’!
» ~5 (25) fo'/experiment recorded
o LHC consolidation/upgrades till 2015

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

["MUON CHAMEERS | [ INNER TRACKER | [ cavstal EcaL |
7 ,/.r T —

HCAL

VERY FORWARD
CALORIMETER

||||||||||
llll
||||||||||||||||||||||||
lllllllllll

---.“-II(I-

Total Weight : 14,500 t.
Overall diameter: 14.60 m

Overall length : 21.60m
Magnetic field : 4 Tesla
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v. _Top quark asymmetries =

nrr->»

» Interference appears at NLO QCD: Tevatrond top
anti-top
——<—{TTIU
+ A T S
— T '
Positive asymmetry Negative asymmetry

— Only occurs in gq initial state; gg is fwd-bwd symmetric
°* This is a forward-backward asymmetry at Tevatron
» No valence anti-quarks at LHC — t more cenfral

. LHC A top
» SM predictions at NLO (QCD+EWK) anti-top

- Tevafron: A_~8-9 % vs. LHC: A_~ 1%
(waiting for full NNLO pQCD predictions)

>
* Experimentally: Asymmetries based on decay leptons d

or fully reconstructed top quarks —“easier’ A DRG] > O) = NIA 13| < 0)

d top — N(Alye| > 0) + N(AJye| < 0)
harder Alep _ N(Aln/| > 0) — N(Alne| < 0)

C = N(&Jy| > 0) + N[y <0)
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¥. Top quark asymmetries =

2 Migratfion matrix shows superior resolufion of leptonic based quantities

CMS Simulation, {s = 7 TeV

CMS Simulation, s = 7 TeV

=5 j a3 l...:
Variable Ac AP 3 23 ehE
Experimental uncertainties E ! e “qf: % y :]f:
Jet energy scale 0.003 0.001 3 £33 1000
Lepton energy scale <0.001 <0.001 g S0 2 ! B
Background 0.001 0.001 :
Jet energy resolution <0.001 <0.001 1 IZOO -1 I500
Pileup <0.001 0.001
Scale factor for b tagging <0.001 <0.001 B + . : | B . : : I,
Lepton Seleilion <0.001 <0.001 Reconstructed Aly| Reconstructed Afn|
tt modelling uncertainties
Fact. and renorm. scales 0.004 0.005 _ 2 " 2
Top-quark mass 0.001 0.001 —= 7000 T 1 6000?‘:'5: S T
Parton distribution functions | <0.001 <0.001 g 60005— —lTa(;ilepmnic] _ g _t;;lepmmc} ]
T-lepton decay <0.001 |<0.001 = B ZzBackground ] T 5opol 2z Background ]
Top-quark pr reweighting 0.001 <0.001 L% 50003_ — _ L% - .
Unfolding 0.006 0.001 L : 4000} -
Total systematic uncertainty 0.008 0.006 4000~ ¢ ’ B ¥ - .
E ] 3000 —
3000F = - .
_— ] 2000} .
1000} 1000} -
0: e E e e ] O:rx(fn/:f;bf%//x//q:/—/m}mpwr:
-2 -1 0 2 2 -1 0 1 2
Aly,| Apnj
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Ch arge C’Symmefrles JHEP02(2014)107

o025_ N —
° lepton+jets, = 1 b-fag - ﬂms E
» Kinematic dependencies of A_ as @ B e -
component 0.15 Aokl =300 GV J Eeoonh =

function Of m(ﬁ') [)’ (ﬁ') tt VeIOCIty 0.4F == Axigluon m=7000 GeV =
&14000F= —————— - i

% - ATLAS RS 4jefs (>1b-tag) - 0.05— | — -

§ 12000 V=7 TeV ¢ Data — = -
L JLdt 4.7 :I{ffhjets . By E
10000:— = Iz);'lj) ?:on _: -0.053— —E

8000:_ -SIngIetop_: E ||||||||||||||||||||||||||||||||||||||||E

& - [‘j‘r‘l‘lg'r';';w - 09700 200 300 400 500 600 700 800 900

st £ m, [GeV]

- - O F e o TE e FTe T TR T RT s Bl ST S T & T T g

s - = 06-B_>0.6 ATLAS =

2000__ ] 053_ + Data Vs=7 TeV _E

- ] - SM J Ldt=471fb" =

s 0.4 Axigluon m=300 GeV =

0.3F Axigluon m=7000 GeV =

Aly| - —_—

° In agreement with SM: Sy | ¢
> | A Data Theory ) + | | E

¢ 0.00640.010 | 0.012320.0005 o T + ‘ E

my; > 600 GeV | 0.018+0.022 | 0.017570 0005 01 F
B, > 0.6 0.011+0.018 0.020° 0 ¢ 0100 200 300 400 500 600 700 600 900
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¥. W helicity

< 20000

- i : = 20000F
o C ATLAS Preliminar — fit result © B imi — fit result
% 18000 J, i _y o g Ei:g)w = G ATLAS Prelm‘:mary oy
! __ t: . \IS = e RATIRR = g : - =t I'_ — T T A=0
= 16000: + data & 16000 I NOp- SR NE-TTE e
Lcn 14000E [ backgroun g 14000F- o [l background
2 12000 $ 12000F
10000 * 10000
8000 8000
60001 60001 . s
4000 4000;
2 OOO :_ Py A— 2 OOO f_ i sbensaiEssancinente 50
Oé:::ﬁ:::J ' $ O;—r—v—v—i = . ‘ ' | s
-1 -08 -06 -04-02 0 02 04 06 08 1 -1 -0.8-06 -04-02 0 02 04 06 08 1
cos(ELJCOS(EL)he”city cos(®,)cos(®)
channel fsm(A) fsm(S -ratio) fsm(cos(fy) cos(O_)neticity)  fsm(cos(6,) COS(6_ )maximal)

ete” 0.87 £0.35+£047 0.81 £0.35+0.39 172 £0.57 095 048 £041 £0.52

et ut 1.24 +£0.11 £0.12 095+0.12+0.12 0.76 £0.23 £ 0.24 086 +0.16+0.18

W L1112 02020.25 053 +£0.26+0.38 0.31 £0.42 £ 0.56 097 +£0.33 +£0.44

Dilepton | 1.19+£0.09+0.15 087 +0.11 £0.12 0.7 £0.19 £0.25 083+0.14+0.17
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A I JCMS
___Top quark: FCNC's st
A
S ) 2
Variable Description SM | FEFE fEFH tug | teg
BNN BNN BNN BNN BNN
pr(b1) pr of the leading-b-jet (the b-tagged jet with the | V \% \% \Y%
highest pr) — hereinafter we use the notations
”leading” and ”“second-leading” for jets corre-
spondingly to their order in pr, the decreasing
one
pr(b2) pr of the second-leading b-jet \4 \4
pr(jaj2) a vector sum of pr of the first and the second- | V Vv \ \%
leading jets
p1(Xizi,, pr(ji))| avector sum of pr of all jets without the bestjet. | V vV |V
The notation “best jet” is used for the jet which
gives the invariant mass of the top quark closest
to the value of 172.5 GeV, which is used in the
MC simulation
pr(jr) pr of the light-flavour jet (untagged jet with the | V \Y \%
highest value of |77|)
pr(p) transverse momenta of the muon Vv \ Vv \
pr(W, b1) pr of the W boson and the leading-b-jet v Y Y Y
pr(W) pr of the W boson \ \
Hr scalar sum of pr of all jets \
Eps missing transverse energy (energy of the recon- \% A%
structed neutrino)
17(pt) 17 of the muon \ \ \
17(jL) 1 of the light-flavour jet Vv Vv \Y \4
M(j1j2) the invariant mass of the leading-jet and the | V A%
second-leading jets
MYz, (i) the invariant mass of all jets without the best | V \%
one
M(jW) the invariant mass of the W boson and alljets | V
M(W, by) the invariant mass of the W boson and the | V v \Y%
leading-b-jet
M(Y(ji) the invariant mass of all jets \4 \4
AR(ji, jo) equal to /(y(j1) —y(j2))* + (¢(1) — ¢(2))* |V vV |V
AR(p, j2) equal to /(17() —11(j2))* + (@(1) — $(j2))* v
Ap(p, EF™°) azimuthal angle between the lepton and the re- A% \% \%
constructed neutrino
cos(8,,,j, )|rop the cosine of the angle between the lepton and | V \Y N \Y
the light flavour jet in the top quark rest frame,
the top quark is reconstructed with the leading-
b-jet
cos(8,,w) lw the cosine of the angle between the lepton and vV |V |V 3
the W boson in the W boson rest frame
cos(Bw,, )| top the cosine of the angle between the W boson v
and the light-flavour jet in the top quark rest
frame
cos(0,,1,)|top the cosine of the angle between the lepton and Vv
the first jet in the top quark rest frame
Q(u) a charge of the lepton \Y \
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14007

A
__Ttbar+ X: W, Z
A
s ) y 4 y 4 1/ 7/
Systematic source | Uncertainty, %
. — 1 — Template modeling
—_— CNIIS pr‘ellmlmanf L_|197| fo lat \;’|§—8 Tev ; I ; — - Bck. template modeling: ~ leakage 3.7
- * Data 3 - Signal template modeling 6.6
559 Stat. uncert. MC | Signal modeling
103 TO P'13'001 B {f inclusive - - MC generator 1.7
DY + Jets . - Parton shower 7.3
[ Single top — - QED FSR 3.4
UC'J 102 B 5 (Si | = - Color reconnection 0.2
e Y (Signal) 3 - Underlying event 0.9
° - - Ren/Fac. Scale 1.1
L ] Photon modeling
E 10 = - Photon identification efficiency 7.3
@] = - Photon scale 2.7
e - - Photon resolution 4.0
8 1 | Electron modeling
e 3 - Trigger efficiency 0.3
3 1 - Reconstruction efficiency 0.5
= n - Identification efficiency 1.2
1 0'1 - Energy scale 0.3
- Energy resolution 0.1
Muon modeling
) - Trigger efficiency 1.7
10 - Reconstruction efficiency 0.4
3 - Identification efficiency 1.0
&) - Momentum scale 0.3
= 2 - Momentum resolution 0.7
G N Jet modeling
© 17 - Jet reconstruction efficiency 0.1
(&) 0 B l | : | | % - Jet energy scale 15.0
0 200 400 600 - iet energy fresolution gg
- Jet vertex fraction .
- b-tag efliciency 8.1
- Mistag rate 1.1
MET modeling
- Soft-jets and Cell-Out terms 0.3
- Pile-up 0.9
Luminosity 1.8
Background contributions
- e-fakes 5.0
- QCD multijets+y 1.5
- W+jets+ 5.4
- Z+jets+y 1.3
- Dibosons+-y 0.4
- Single top+-y 0.4
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< Top quark: FCNC's

600

2" FCMS, {5 = 8 TeV — baa
O coob L = 19717 [Jozme- 01%)
20 [ Il
?400:_ B i, itz
*E 5 i [ 1z
Q r TR
B Bz i
= 300: ﬁ; [ ]ww Wz 72
200 :
: T _
100F + E:
£ 3 ]
T, i
ol e s 3
0 50 100 150 200
£ (GeV)

T | T T ]
3 350ECMS, |5 = 8 TeV — Data =
QO FL,=197D" [JuzneE-01% 3
Shl 1 =
o 250F B i, iz i
£ 1 Bl oz ]
€ 200F ﬁ B 3
u C B
E WW, W7, 77
1500 = O E
100~ Wm 3
50_—ﬁ e =
oLt ol S S

0 100 200

m.(ev) (GeV)

—_— L L

3 350E CMS, (5 = 8 TeV — Daa E
g L|n1—19?fb1 [ JtsZqB=0.1%) ]
& 3001 I -
By F I v, iz ]
n 250
£ 5 Bl oz ]
@ o ERA i
> 200 | R 4
el + [ ww, wz, 72
150 E
100 T -
soE=T L 5
q;... L R

100

200
m;(uv) (GeV)

—_— 350_ T T T T T T T T | T T T T | T T T T T T T T ]
> [ CMS, {s=8Tels . 4
Q@ ke = THY fbe i
2300F =
=" F . -
E I . . ]
250F o, " -
200:_ E.. ..,.'.'....E . _:
150F  { 3 * «
i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I_

10050 750 200 250 300 350
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¥, Ttbar+X: W.Z, vy

':_; T T 177 | T T | T 17T | T 17T | T T | 7T 1T 1] > FT T T 71 T T 1 I T T 1 1T T 1 I T T 1 I T 1 |:
& | CMS Preliminary -+ Observed ] 8 s - CMS Preliminary - Observed B
Q10 —¥s=8TeV,L =195 [ ez — o [ 's=8TeV,L =1951b" [ tw .
~ T [ tow 7 Lo 16 [tz =
2 [ Irreducible . 5 - | wz -
o B [ Non-top-quark ] < - [ Irreducible B
m 8 B [l Misidentified lepton | o 14 - Il Mismeasured charge
B — Backgrounds _ LLl - o [ Misidentified lepton
L == BG uncertainty _ 12 - g — Backgrounds 5
6 + — 10 i ~~ BG uncertainty =
i ] g / 2 _
4— N — E ® / E
L N _ 6 | ]
i ‘w\% ] B 7 / ® ]
2 ¢ s s | E
- - 21 =
0 0=

0 100 200 300 400 500 600 0 100 200 300 400 500 600

m,; [GeV] my; [GeV]

E A. Jung Top quark property measurements at ATLAS and CMS 36



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

