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Introduction



i The Top Quark

= Heaviest known elementary particle:
m =~173GeV

= Standard Model:
= Single or pair production
= Electric charge +2/3 e
= Short lifetime 0.5x10**s

= Bare quark - no hadronization
= ~100% decay into Wb

= Large coupling to SM Higgs boson
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I’}  Top Quark Pair Production

At the Tevatron:

proton

85% + 15%
g t
t
antiproton N
At LHC: g t
14 TeV: 10% + 90% ¢
: ) : )
7 Tev:  30% Cross Sections:  + 70%
Collider Cross section [pb] f
Tevatron (1.96 TeV) 7.35*“5_0_27
LHC (7 TeV) 177.371
LHC (8 TeV) 252.9"%2
LHC (13 TeV) 831.8"07
' M. Czakon et al. arXiv:1112.5675
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L Final States in tt

tt — W'bWb : Final states are classified according to W decay

B(t—W*b)=100%
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L Final States in tt

tt — W'bWb : Final states are classified according to W decay

B(t—~W*b)=100%
pure hadronic:
Top Pair Branching Fractions =06 jets (2 b-jets)

“alljets” 46%

dilepton:
2 isolated leptons;
High missing E_ for

tt+jets 15%

neutrinos; o ‘Zz,g% lepton+jets:
) b_jets 1\:’5\’”’5\%4’\%!0 n+ets 15% 1 iSOIated |ept0n;
T s 15% _ Missing E_for neutrino;
"dileptons™ "lepton+jets"” T

>4 jets (2 b-jets)
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N Single top Production

= \ia electroweak interaction

= Test of EW couplings

q q
q t ’
= Probe for new physics >/\V/V\+/< VZ )
= Direct probe of Wtb interaction _ QZ :
= Direct measurement of ’ i b w

CKM matrix element |V _|

= Challenging: background looks similar to signal

LHC: pp (7TeV) 4.3 pb 63.9 pb 15.7 pb
LHC: pp (13TeV) 10.3 pb 216.99 pb 71.7 pb
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Status



— Top Studies: Overview

Top mass

Top mass difference

TOE chargel r Branching ratios
Lifetime |th|

Top width Anomalous coupling

New/Rare decays

Spin correlation
Charge asymmetry
Color Flow

Production cross section
Production kinematics
Production via resonance
New particles

W helicity s-, t- and Wt-channel
production, properties and
searches in single top

events
13.01.2016 Yvonne Peters 10




MANCHESTER
1824

= | HC performed well

Total Integrated Luminosity [fb™]
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W
o

- ATLAS
25— Preliminary

[[]LHC Delivered
D ATLAS Recorded

N
o

Y
Ol

2011,\s =7 TeV

Y
o

Delivered: 5.46 fb™
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Recorded: 21.3 fo!

5 J/
O | | Y I Y I Y ) [ I
ya ppt W ot e ppt W od

Month in Year

~5fb™* of 7 TeV & ~20 fb™* of
8 TeV on disk per experiment

13.01.2016

_'I_|_| 6 __ T T | T T T | T T T | T T T | T T T __
2, " ATLAS Online Luminosity  /s=13Tev
*%‘ 5 [[] LHC Delivered ]
2 - [_] ATLAS Recorded .
S _ . y
E 4= Total Delivered: 4.34 fo 4
— _  Total Recorded: 4.00 fb” ]
O R _
s 3C -
[ - ]
2 N ’
= 2 ]
_'_g L _
o] B _
. Uy N

0 : 1 ) . | 1 1 1 1 [ 1 1 1 | 1 1 1 :
27/05 28/06  30/07 31/08  02/10 04/11
Day in 2015
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At Tevatron and LHC
= In single top and tt production

Status

= Precision measurement of production cross section

B‘ | T T T | T T T | T T T | T T T | T T
o -V Tevatron combined* 1.96 TeV (L=8.8 fb'1) .
— B ATLAS ey 7 TeV (L4.6 fb) ATLAS+CMS Preliminary
c ® CMSep*7TeV (L=5fb") LHCtopWG
QO 103 = ATLASensTev (L=20.3 1b")
O — ©® CMSep*8TeV (L=19.7 fo)
() - ¥ LHC combined eu* 8 TeV (L=5.3-20.3 fb'1)
() — ® ATLASep* 13 TeV (L=78 pb')
0 — e CMSep*13TeV (L=42pb")
9] — A ATLAS ee/pu* 13 TeV (L=85 pb’)
o O ATLAS l+jets* 13 TeV (L=85 pb ')
(&) [~ O CMS l+jets* 13 TeV (L=42 pb") 1000F
| L
- 2 * Preliminary
() —
= 10 - :
%) — 800
=) = I
5 R
< - |
B 600
E=—= NNLO+NNLL (pp) I
——— NNLO+NNLL (pp)
10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
C | My = 17|2.5 GeV, PDF@I g uncertaintiels according to PIDF4LHC
1 1 | 1 1 1 | 1 1 1 |

Experimental
precision close to
theory
uncertainty!

Sep 2015

13 \s[Tev]

6
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12 14
\s [TeV]
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= At Tevatron and LHC

Status

= Precision measurement of production

= In single top and tt production

s-channel single top quark, Tevatron Run Il, L _ < 9.7 fb a
Cross section [pb]

Measurement

CDF [+jets
CDF £ +jets
CDF combined
DO [+jets

Tevatron combined

Theory (NLO+NNLL)

e

»
—o—
5

e

1.05 = 0.06 pb [PRD 81, 054028, 2010] §

0
My, = 172.5 GeV

13.01.2016

1 2
Cross section [pb]

I oo
Er
1.36 5
B

+0.26
1.29° 55,

102

10

Inclusive cross-section [pb]
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| | | | [
December 2015

= | |
~— ATLAS Preliminary
- single top-quark production

Ly 1 1111l

t-channel

— NLO NPPS205(2010) 10, CPC191(2015) 74
Moo= 172.5 GeV,

|
<4

CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC) —
— NLO+NNLL, PRD83(2011)091503
My, = 172.5 GeV, MSTW2008nnlo

¢

s-channel

\

¢ t-channel 4.59 fbo™! pRD 90 112006 (2014)
® t-channel 20.3 fb™" ATLAS-CONF-2014-007
¢ t-channel 3.2 fb™ ATLAS-CONF-2015-079
# Wt 2.05 fb™ pLs 716 (2012) 142

i Wt 20.3 fb" arxiv:1510.03752

v s-channel 95% C.L. limit 0.7 fb™" ATLAs-CONF-2011-118

T TTTI I|
—+eo
[elo] 1els

L 11111l

A s-channel 20.3 fo™" arxiv:1511.05980
| | | |

|
8 9 10 11 12 13
Vs [TeV]

(o))
~
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= Status

= Precision measurement of production

= At Tevatron and LHC
= In single top and tt production

"= Man y prope rties measured ATLAS+CMS Preliminary LHCIOpWG ~ \s=7TeV Sept 2015
total stat
I tt asymmetry A t(stat) £(syst)
p recise I y ATLAS l+jets . 0.006 +0.010 + 0.005
JHEP 1402 (2014) 107
CMS l+jets —o—H 0.004 £0.010 £ 0.011
= From top quark mass to oo 77 e
S | n corre I at|0 N ATLAS+CMS l+jets H——H 0.005 +0.007 +0.006
Preliminary
P ! ATLAS dilepton H - H  0.021+0.025 +0.017
H JHEP 05 (2015) 061
asymmetrles, etc CMS dilepton H—e—— -0.010 +0.017 + 0.008
JHEP 1404 (2014) 191
Theory (NLO+EW) 0.0123 + 0.0005

PRD 86, 034026 (2012)

lepton asymmetry

ATLAS dilepton H—c—H 0.024 £ 0.015 £ 0.009
JHEP 05 (2015) 061
CMS dilepton H—o—H 0.009 + 0.010 £ 0.006
JHEP 1404 (2014) 191
Theory (NLO+EW) 0.0070 + 0.0003
PRD 86, 034026 (2012)
| | I
-0.1 0 0.1
AC
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Status

= Precision measurement of production

At Tevatron and LHC
= In single top and tt production

BR(t— cH)

ATLAS Preliminary

= Many properties measured

LEP

R(t— g2)

BR(t— cy)

: HERA : ]

precisely

TEVATRON

\

= From top quark mass to
spin correlation,
asymmetries, etc

Preliminary

= Sensitive searches performed

ATLAS f

Preliminary

= For all kind of new physics

BR(t— cqg)

nw

13.01.2016 Yvonne Peters
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IR (53 Let's look at

= 4 selected topics:

= The runner-up: Differential distributions

= High available statistics enables precision tests of kinematics

= The evergreen: Top quark mass

= Precise methods — high precision results

= The star for Run II: ttH

= Important to measure coupling of heaviest elementary fermion to
heaviest elementary boson!

= The sandpit: top events as laboratory to test new tools.
Example: colour flow and boosting algorithms

= Increase sensitivity to new physics

13.01.2016 Yvonne Peters 16



W Hot Topic 1: Differential
Distributions

= Differential distributions:

= Test of higher-order QCD calculations
= (Generic test of SM — test for new physics

= Also important to tune MC

= Reduction of systematic uncertainties for many analyses

= Due to large amount of data: many analyses are limited by systematic
uncertainties!

= Main challenge:

= Make distributions comparable to theory: correct detector effects
= Distributions defined with “true” particles

13.01.2016 Yvonne Peters 17



g Differential

= Also various differential and fiducial measurements now possible!

= (General issue: parton Versus particle level?

1.
Ny

-ﬁ%"* ?

Ay %f{,
,»5';
gt
i ol
|" :‘.h‘ l -
q‘/f/ft-‘ LA
IS |
MC generator dependencies Stable particles

13.01.2016 Yvonne Peters 18



— Differential

= Define “pseudo-tops” on particle level

= Infi ial region
iducial regi Lepton

= Easy to reproduce for theorists!

. I
M

= Pseudo-top.
" dR<0.1

= Use particles with mean lifetime > 3*10*''s

= Leptons: use “dressed lepton”:
leptons are used together with photons in their vicinity

= Jets: anti-kT with R=0.4 applied on stable particles (not leptons or
neutrinos)

= Presence of b-hadron with p_>5GeV: jet is taken as a b-jet

13.01.2016 Yvonne Peters 19
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= |+jets channel: selection

Differential

Exactly 1 lepton (e or u)

f*
- e: p,>25GeV, |n|<2.47 & !(1.37<|n|<1.52)
w V u: p.>25GeV, |n|<2.5
q g s , Missing p_ for neutrino (ET): >30GeV
| . -
q t

L)

w- N\ g >4 jets with p.>25GeV; In|<2.5

>2 jets b-tagged

____________________________________________________________________________________________________________________________________________________________________________________________________
20
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— Differential

= Top reconstruction

Leptonic pseudo-top:
- construct leptonically decaying W
from lepton and E ™

A
v

q g { w - b-jet with smallest AR to lepton
b

Wll'

L2
e

L)

XX
13.01.2016 Yvonne Peters 21
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= Top reconstruction

]

13.01.2016

Wll'

A

v

Differential

Leptonic pseudo-top:
- construct leptonically decaying W
from lepton and E ™

- b-jet with smallest AR to lepton

Hadronic pseudo-top:
- construct W from remaining two

highest-p_ jets
- use remaining b-jet

Yvonne Peters
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— Differential

= Reconstructed to particle level: minimize correction required!

= Unfolding via iterative Bayesian method

0.2
0.1
0

;l 900:| |l;.|rl|-llqlsl\|9.|||/|t|'|||||| |||||||| ||“ISII7|ITIe\I/I: 1 ; 900_||||||||||||||| |||||||||||| ||‘|||7|_II_I\I/|_
3 - imulation S reT © C ATLAS Simulati ls=7TeV ]
O] 800 POV\:HE.G+PYIHIA u __: 0.9 O, 800 POWHEG’TPuYaTﬁl'}A . _%
Q_l_ B e ~ - - .
= I _08 Qo L ]
P — I? WS 700__ u - -
0 - .-._0'7 o C ]
3 600 s 8 6001 i
) ] 2 - ]
3] | 0.6 7 C il =
= N c - -
© 1 0.5 Q - ]
o ] O - ]
] () O ]
1104 o o 1=
| - =
a 0.3 ]

0 100 200 300 400 500 600 700 800
Parton-level hadronic top-quark P, [GeV]

Illlll.lllllllllllIlllllllllll

0 100 200 300 400 500 600 700 800
Particle-level {, p, [GeV]

arxiv:1502.05923
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Differential

= Different distributions: show sensitivity to PDF, parton shower,
etc.

= Can be used for MC tuning and comparison to pQCD

arxiv:1502.05923
-1
—= 107 . ' E 107 ]
= = 4O L— E T I T 3 3 [ — C T T
_8_|%J - ATLADSata\S =7TeV, 46" 3 a % = ATLAS \s-7TeV, 460" 3 > ATLAS \s=7TeV, 461"
B 1 C —e— D ]
S - R stat. ® syst. uncert. y o Q) B =T ‘atta ® o (@) B Data
= - = stat. @ syst. uncert. \ ) B stat. @ syst. uncert.
— - POWHEG+PYTHIA 1 — - POWHEG+PYTHIA _ 2L e POWHEG+PYTHIA
D | ) o= = = == POWHEG+HERWIG T | = = — — POWHEG+HERWIG - :_'_‘c1 0 3 POWHEGHERWIG
O 7107 -, e POWHEG(HERAPDF)+PYTHIA ol 7102 - POWHEG(HERAPDFI:PYTHIA]  “1o| = == ]
S = . MC@NLOSHERWIG ] S = E (o} £ = POWHEG(HERAPDF)+PYTHIA ]
© = B + E F o v MC@NLO+HERWIG ] © 5 L == e MC@NLO+HERWIG
~ s 1 : - - : 3 B o N
i == ) i = i 107 E
10° E 103 - - - E
i m i === —_——— 10 = E
-4 C
107k ! 1 | _:‘ | | = - | | | | j
8 1 '8; ' ! ! E o | I ] g 1.8 | T T 3
< 1.6F = © 3 © 1.6F 3
()] ] a ] .oF .
S 14t - Q . Q 14f .
o 1.2t kA 3 4
o 1= 5 % 1.2F8m O P e
8 0 85 8 mmmmmmmmrﬂi GJ 1: T LU L Py [1 -'-_-_-_-—-—-'.'-'-_-_-_-_-'-'.'-T:
P < 0. = < 0.8F E
0. W o ! | | g W gt
200 400 600 800 :

5(|)0 1 O|00 1 5|OO 20|00 25:00
p,(t) [GeV] mtt,) [GeV]
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i Differential

= Many distributions now available in NNLO!

‘_l—| _I T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T |_ ‘I_I_l il T T I UL I 1T T 7T I T 1 1 1 I LU I 1T T 7T I T 1T 1T 7T I T 7T I:

% 0 005_ ATLAS+CMS Preliminary LHCIOpWG [s=8TeV, Nov 2015 —] % 0'008: ATLAS+CMS Preliminary LHCtOpWG [s=8TeV, Nov2015 ]

O] 1 _ -1 _ O] - _ 1 =

T ‘_+_,—H— pEEA R g Rl ] = 0'0075 g e -

£ 0.004— ® CMS,L=19.7fb" — S 0006 ° CMS,L=19.71b" =

© I~ arXiv:1505.04480 - — ' — arXiv:1505.04480 —

~ B —— NNLO (MSTW2008 PDF) 7] b — —— NNLO (MSTW2008 PDF) .

o) o — " . ]

o] - arXiv:1511.00549 . © 0.0051 ¢ arXiv:1511.00549 -

0.003 — b = ]

E — — ~ [ + .

0.002}— — 0.003- =

- : ] 0.002F E

0.001_— — — -

- ] 0.001F —

- ] - B _]

B - | - -

> T LI I B o B B B o B B o >,-|4_.. ......... 5 1 o s s g o . et =

6 1 .5__ .......... t CMSStat@SyStUnC ............................................................................ __ B . - CMS Stat @Syst unc. 1

g o = ] ATLAS stat. @ syst. unc. . g 01 .2__ ......... ATLAS SLAL B SYSL - UG- eoreeirercii s _:

T | — i ————— g b 2

slz 't ) - 51z TF -

© ZO 5: I I I I | I I ? < 20.8: ............... o o e oo o

(U . 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ cU L1 11 L1 1 1 L1 11 L1 11 L1 11l L1 1 1 L1 1 1 L1 11
- 400 500 600 700 800 900 10001100 o O 50 100 150 200 250 300 350 400

m, [GeV] P} [GeV]
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Differential Distributions in single

top

= Now also possible to perform differential measurements in single

Data/ NLO

[ ® Data
m -} stat @ sys unc.
[ -} stat unc.
107k %5 — NLO (MSTW2008)
i 7/ PDF ®scale unc. 1
102k ) o E .
] S5 Cocc
Ll A IR PR B
15
1 '-P'i_'+ t '
0.5 ;
0 100 200 300 400 500

I L] L] L] 1 L] L] L] L] L] L]
[ Ldt=45910" \s=7TeV -

p,(0) [GeV]

r—>| L] L] L] L] I L] L] L) L] I L] L] L) L] I L] L] L] L] I L] L L] L
olg 1F ATLAS [Ldt=4591" \s=7 TeV 3
o (D ]
) ® Data
= 10" -} stat @ sys unc.
o) Q'_ - stat unc. ]
5 — NLO (MSTW2008) ]

7/ PDF @ scale unc. -

ccccccccccccccccccccccccccccccccc

Data / NLO

0 100 200 300 400 500
p, (@) [GeV]

Phys. Rev. D. 90, 112006 (2014)
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= Free parameter of the SM

Hot Topic 2: Top Quark Mass

= Together with W mass: puts constraint on Higgs mass — self-

consistency check

[
o o
b

M,, [GeV]

80.60
80.50 |

80.40 |-

80.30 |

80.20

L I
80.70 | experimental errors 68% CL.: B

LEP2/Tev (M,, = 80.399 = 0.023 GeV, m, = 173.3 = 1.1 GeV)|
Tev/LHC (3M,, = 15 MeV, 5m, = 1.0 GeV) i

ILC/GigaZ (sM,, = 7 MeV, dm, = 0.1 GeV)

o gmsusY

SMI
MSSM
both models EEE

Heilnemeyer, Hollik, IStockinger, Webler, Weiglein "107]
I 1 L1 ]

160

1 1 1 I 1 1 1
165

170 175 180 185
m, [GeV]

= Measurement done with several methods:
Template method, ideogram, matrix element, etc.

= Methods also used for other analyses, e. g. W helicity & spin correlations

13.01.2016

Yvonne Peters
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Top Mass

= Precision results of top quark mass

= With many different methods

= Results: limited by
systematic uncertainties!

1
Yvonne Peters

13.01.2016

[1] ATLAS-CONF-2013-046
[2] ATLAS-CONF-2013-077
[3] JHEP 12 (2012) 105

(*) Superseded by results
shown below the line

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758

ATLAS+CMS Preliminary LHCIOPpWG  my,, summary,s = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]

stat

total uncertainty total stat

My = 173.34+0.76 (0.36 + 0.7) GeV Mep:t total (statt syst) s Ref
ATLAS, l+jets (*) L 172.31+1.55 (0.75+ 1.35) 7TeV [1]
ATLAS, dilepton (*) 173.09 1.63 (0.64% 1.50) 7Tev 2]
CMS, l+jets 173.49+1.06 (0.43+0.97) 7TeV [3]
CMS, dilepton 172.50+1.52 (0.43+ 1.46) 7TeV [4]
CMS, all jets 173.49+1.41 (0.69+1.23) 7TeV [5]
LHC comb. (Sep 2013) 173.29+ 0.95 (0.35+ 0.88) 7TeV [6]
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ATLAS, dilepton 173.791+1.41 (0.54+1.30) 7TeV [8]
ATLAS, all jets 175.1£1.8 (1.4+£1.2) 7TeV [9]
ATLAS, single top 172.2+2.1 (0.7+£2.0) 8 TeV [10]
ATLAS comb.(:‘fiaeféf’;ﬁ_ 172.99+ 0.91 (0.48+0.78) 7TeV [8]
CMS, |+jets 172.35+0.51 (0.16+£0.48) 8 TeV [11]
CMS, dilepton 172.82+1.23 (0.19£1.22) 8 TeV [11]
CMS, all jets 172.32%0.64 (0.25+0.59) 8 TeV [11]
CMS comb. (Sep 2015) 172.44+0.48 (0.13+0.47) 748 TeV [11]

[7] arXiv:1403.4427

[8] Eur.Phys.J.C (2015) 75:330
[9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055

[11] CMS PAS TOP-14-022
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m,,, [GeV]

185
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Top Mass

tt — lepton+jets tt — dilepton Combination
Mme™ [GeV] JSF bISF mdl [GeV] mE™b [GeV] P
Results 172.33 1.019 1.003 173.79 172.99
Statistics 0.75 0.003 0.008 0.54 0.48 0
Stat. comp. (Myop) 0.23 nfa nfa 0.54
Stat. comp. (JSF) 0.25 0.003 n/a n/a
Stat. comp. (bJSF) 0.67 0.000 0.008 na
Method 0.11 £0.10 0.001 0.001 0.09 £ 0.07 0.07 0
Signal MC 022 £021 0.004 0.002 0.26 £ 0.16 +1.00
Hadronisation 0.18 £ 0.12 0.007 0.013 0.53 £ 0.09 0.34 +1.00
ISR/FSR 0.32 £ 0.06 0.017 0.007 0.47 £ 0.05 0.04 ~1.00
Underlying event 0.15 £ 0.07 0.001 0.003 0.05 £ 0.05 0.06 ~1.00
Colour reconnection 0.11 £ 0.07 0.001 0.002 0.14 £ 0.05 0.01 ~1.00
PDF 0.25 + 0.00 0.001 0.002 0.11 £ 0.00 0.17 +0.57
W/ Z-+jets norm 0.02 £+ 0.00 0.000 0.000 0.01 £ 0.00 0.02 +1.00
W/ Z+jets shape 0.29 + 0.00 0.000 0.004 0.00 £ 0,00 0.16 0
NP/fake-lepton norm. 0.10 + 0.00 0.000 0.001 0.04 £ 0,00 0.07 +1.00
NP/fake-lepton shape 0.05 £+ 0.00 0.000 0.001 0.01 £ 0.00 0.03 +0.23
Jet energy scale 0.58 +£0.11 0.018 0.009 0.75 £ 0.08 0.41 —0.23
b-Jet energy scale 0.06 + 0.03 0.000 0.010 0.68 £ 0.02 +1.00
Jet resolution 022 +0.11 0.007 0.001 0.19 £ 0.04 0.03 ~1.00
Jet efficiency 0.12 + 0.00 0.000 0.002 0.07 £ 0.00 0.10 +1.00
Jet vertex fraction 0.01 £+ 0.00 0.000 0.000 0.00 £ 0,00 0.00 ~1.00
b-tagging 0.50 + 0.00 0.001 0.007 0.07 £ 0.00 0.25 —0.77
Emiss 0.15 + 0.04 0.000 0.001 0.04 £ 0.03 0.08 —0.15
Leptons 0.04 £+ 0.00 0.001 0.001 0.13 £ 0.00 0.05 —0.34
Pile-up 0.02 + 0.01 0.000 0.000 0.01 £ 0.00 0.01 0
(IS, o) 127 +£ 033 0.027 0.024 141 £024 0.91 —0.07

13.01.2016
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MAN Top Quark Mass and Issues

= Constantly discussed: what is it that we measure?

= All direct mass measurements rely on MC for calibration
= No clean definition of the top mass

= e. g. contributions like this missing:

= Task mainly for theorists

= Experimentally: explore alternative methods

13.01.2016 Yvonne Peters
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W Top Quark Mass: Be aware

s Alternative method: Extract m, from cross section measurement

= Assuming pole or MS mass

| LI | L | LI l LI LI | LI | LI I LI | LI

= Unambiguous extraction

'-g 350‘I ——— MSTW 2008 NNLO ]
— N ATLAS —— — MSTW 2008 NNLO uncertainty _|
of top quark mass! 5 NS oo oy ]
_ _ "g 300 —_\\\ NNPDF2.3 NNLO B
= Contra: uncertainty quite ¢ —— N - \”s’“"‘;‘;ii’jf;‘,‘,’,""a“jj;’y -
large compared to § ool i @ \s=aTel203m :
direct methods NG : .
™~ i
200 <
- —o J
150 —
: | | | | | | | | \‘T...::

164 166 168 170 172 174 176 178 180 182
pole [G V]

Eur.Phys.J. C74 (2014) 3109
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Mass from tt+jets

= Extract mass from distribution in tt+jets events

= Gluon radiation depends on mass of quark

= Compare unfolded distribution to calculation — allows to uniquely

define mass scheme

&
1 dogy; s
pole B +1-jet . pole &
R(m; .ps) = (m; ", ps),
Tirlger  dPs
2myg
Ps = ;
V3
w®
<

m”=173.7+1.5(stat)£1.4(syst)’ 2 (theo)GeV
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5 [ T T T | T T T T T T | T T T I T T T
= tt+1-jet at NLO+PS for m™™°= 3
450 ATLAS MU AL NLO, R
= 1 —m 175 GeV 3
4E V=7 TeV, 4.6 b T 1re Gey -
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3 ¢ =
2_52_ it Jok 3
> f_ Ll o ] _f
155 =
1;_ gy —f
0.5F =
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0 T |

1.3[ .
| S *_“_ PR TR St Sy S S
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JHEP 10 (2015) 121
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W Hot Topic 3: Top-Higgs Yukawa

Coupling (ttH)

= Motivation: Measure top-Higgs Yukawa coupling

= Only channel for direct measurement

= Very challenging analyses

g

g

= Large backgrounds, small signal

arXiv:1503.05066

£ E ATLAS
— separate in many channels; 2 10°E \s-8Tev, 20310’
multivariate techniques o5 [ omale epon
10*

i

+
]
]

Data
tt+V

non-tt
v Total unc.

71T (125)

%

III||T|

> t b
I ] T
A b b
O << i m—
b S
A 105?
-+ t g t E

B tiH (125)
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[] tt+cC
B ti+bb

Pre-fit

)
) Zfz 6\276\2bA\3b6\376\32\/ 5\/§6\/A .
33
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|
I\/IANCH‘l_:S_'IiER tt H

= Limits several times SM

= Observation in new LHC run — after ~2 years

| |
12T 04 = s =8 TeV, j Ldt=203fb" —

Dilepton |- —
p ATLAS 4 ATLAS Preliminary B

ttH (H—>b5)

1s=8 TeV, 20.3 fb™ 2t |— ]

Lepton+jets — —
{555 Expected £ 10 3 —

Expected + 26 T Expected oLt
20t - L 4 E;EZE}Zg EI-]S :ignal Injected |
Combination — O?Served. — [ Expected +2 ¢
------ Injected signal (u=1) Al B
: 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 g
O 2 4 6 8 1 O 1 2 1 1 1 1 1 1 I1 IO

95% CL limit on G/GSM at mH=1 25 GeV 95%, CLS limit on I‘L:G/GSM

ATLAS-CONF-2015-006
XX
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®= And the limits for CMS

CMS

Is=7TeV, 5.0-5.1 fb';1s =8 TeV, 19.3-19.7 fb’

ttH

19.5fb" (8 TeV)

| F== Expected + 1o +
" --- Expected+ 26 CMS noeed] EXpeCted ; To
_ --- Expected (sig. inj.) sL- . im @ ” xpected £ ?6 N
ob I~ -=Observed | | a7 Expected (sig. inj.)
-l Observed
ThTh
4 DL
3l
Same-Sign 2|
Combined —
Combination
I I — | L oo ] L L L L

10
% CL limi _ 125, 10
95% CL limit on ofogy at m, = 1256 GeV 95% CL limit onu = o/c_ at m, = 125 GeV
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I (52 Hot Topic 4.1: Colour Flow

= Top events as laboratory to test new tools

= Jets carry color, and are thus color connected to each other

= Pairing of connection depends on nature of decaying particles

Gallichio, Schwartz, ( -\;
PRL 105, 022001 (2010)

Colour Singlet Colour Octet

Ca
@

— jet pull angle: angle wrt.
connection line of pair of
jets

Jet pull: vectorial sum of
components within each jet @
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T Colour Flow

= Top events as laboratory to test new tools

= Jets carry color, and are thus color connected to each other
= Pairing of connection depends on nature of decaying particles

= Analysis performed in |+jets events with >1 b-tagged jets

P T T T T T

= Take non-tagged jets for 2 1SATLAS  eoae :

jet pull angle calculation Sl flenoTV 03T s e ]

. . == Flipped tt ]

= Correct to particle level ° . 7 Pouneg:Pytias

_ | ™ Powheg+Herwig 1

= Done for all particles T . T

or charged particles o — .

= Colour octet model o Bt
disfavoured by >30 S.D. R =

(230.95—_0_I | | |
= Jet pull: 0 02 04 06 08 1

potential variable for NP searches .. . s, Charged particles 6,(J,J,) [radyr
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MAN Hot Topic 4.2: Boosting
algorithms

= Boosting algorithms important

= Higher collision energy — more events can be boosted
= Production of heavy particles — decay products can be boosted

Low top pT High top py

13.01.2016 Yvonne Peters
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yroe— Boosting

= Still large uncertainties
— need to reduce e. g. energy scale uncertainty for large R jets

10
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- 1 Im v POWHEG+PYTHIA 40E b-jet tagging efficiency -
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arXiv:1510.03818
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I8 3 Another Run I Top result!

= Top observation at LHCDb!
— Run II: statistics!

LHCb e Data

" Wh+top
B

100

0 1 l l o
95 oo
P (u+D) [GeV] arXiv:1506.00903
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Differential Cross Section in tt

= Already now inclusive and differential cross sections public!

—— aMC@NLO
--------- Madgraph
0.000 b ‘ | ‘ | =t T
e 120 s o Smess oo
s 1.0 T . T N
(oY ge] e 02020 mEE=EEES
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~ems T
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T e u + jets combined ]
t data g
—— Powheg Pythia8 -
—-——- Powheg Herwig++

Jl\lllllJJJlllllllJlll\lllllllllll_
40 60 80 100 120 140 160 180 200
P [GeV]
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42



a— Single Top

= Measure t-channel top and antitop production separately

= Yields information on b-quark PDF

u d
W
W
T
b b
o T T T T T T T T T T ]
= ATLAS Preliminary \s=13 TeV, 3.2 fb™ o UL IS B S R L
. " SR u* . — - ATLAS Preliminary 1s=13TeV, 3.2 o 1
o B ¢ Data . SRu
~ 4000 Wl i9.tq - o i B . ll?a;a 1
n tt,Wt,tb i ~ - B t9.tq -
[= [ E Wiets 0 4000 | H {1, Wi th _
o [ Z+jets,diboson c [ WHjets
Lﬁ B Multijet | q>) ” El fﬂﬁﬁitjz,tdlboson
v/ Post-fit uncertainty | L W) Postiit uncertainty -
S S
o o
o o
£ 0 02 04 06 08 1 § 0 02 04 06 08 1
- NN output ~ ATLAS-CONF-2015-079 NN output
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— Underlying event analysis

= Modeling in tt events: using charged particle properties to explore
underlying event activities

= Underlaying event: mean-beam remnants and multi-parton
interactions

= Define different regions » /
wrt. axis of tt system

]

Transverse

“"ﬁnsverse

VY o) YN P Yvonne Peters ¥¥
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Underlying event analysis

= Can explore different observables conencted to the charged

particle activity

— gives discrimination of different MC tunes

2217 (13 TeV)

107*E

— tf Powheg + Pythiag8  _ |
{CUETPBM1} (Qv2)®

MC/Data

13.01.2016
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—— Main Focus

= Understand modeling

R G N [ —

= Important for many analyses

Expected/Data

DO N O

oo

500 1000 1500 2000 2500
m(tt ) [GeV]
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e Modeling

= In particular MC modeling!

— on experimental side: differential distributions become even
more important!

= Need theorist input though!

= For example MC:

= Interference single top Wt channel and tt
— instead of separate MCs get WbWb MC?

= Higher-order calculations in various distributions

13.01.2016 Yvonne Peters
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s Main Focus

= Understand modeling g 1%
Q 4

= Important for many analyses 3 1.2
= Top as a calibration tool 5 o

= Development of new tools
= Calibration of b-taggers and boosted taggers
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T Main Focus

* Understand modeling g B
S 14 .

= Important for many analyses g 12

= Top as a calibration tool 3 oel

= Development of new tools
= Calibration of b-taggers and boosted taggers

= Precision determination of rare processes | ,
= Best way to indirectly search for new physics! Oﬂ<

XX
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Mass

= Aim at improved precision!

imi H = == Std. meth. == Endpoint
CMS preliminary projection meth, == EncRels

—Jy =Ly
— 4r .
= Fate of the universe! = Frn [N on R
&2 g 35 B =]
180 >N B
- 3 —
178 _E
e % 25F a
¥ q’ o
] 174 o B .
; 172 c 2r =
B = B ’
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168 £
166 = 1F :
164 "6
120 122 124 126 125 130 132 = 0.5F -
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= Aim at improved precision!

= Fate of the universe!

182
150
178
176
174

172

mP"* (GeV]

170
LG8
L6

164
120 122 124

MH [GEV]

= Resolve ambiguity!
= Need to

= Improve systematic uncertainties — modeling and jet energy scale

rtainty [GeV]

N

Total m_
=
o O

D unce

-—t

Mass

L] - Iw
o N 0w o s

A
TTT1T

CMS preliminary projection

== Std. meth. == Endpoints

—-Jlp - ny
B 30 fb! 300 b 3000 b
. Prosomt 13 TeV 14 TeV 14TeV 1

= Explore new methods; e. g. the top mass from tt+jets

13.01.2016
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= Many rare processes can be measured

tt+Boson

= Measurements of ttZ, tty, ttH:
direct measurement of top couplings to bosons

= First time sensitive at LHC Run I
— more exploration in Run II!

» ttZ: direct measurement of coupling to Z boson
= ttW: source of same-sign dilepton events
= Signature of many NP models

= tty:can constrain models of new physics

= e. g. composite top quarks or
with excited top quark production

» ttH: measurement of top-Higgs Yukawa coupling ,

9
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T Main Focus

* Understand modeling g B
S 14f E

= Important for many analyses g 12

= Top as a calibration tool 3 oel

= Development of new tools
= Calibration of b-taggers and boosted taggers

= Precision determination of rare processes | b
= Best way to indirectly search for new physics! Oﬂ <5

= Searches for new physics | ]
= Dark matter S |
= Stop and other SuSy particles \/6\/\(

= Extended Higgs sector
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e Searches

= Higher centre-of-mass energy — searches for heavier particles

= For example: tt resonances

>
_ _ _ 2 ATLAS i
— important to understand high-tail < -8 TV 20310 S st
. . +Jels er
modeling of SM background processes! E ~ G oTe e
o
= More top quarks — rare processes i
: >2000-CMS Proiection [t zq (B=0.1%]
| CMS Projection [ ]t>2Za(B=0.1%)] IIIIH 111 1P
: lee FCNC (31800_3ab at \s = 14 TeV [[] Wz + Jets ] ) /////////////,
= - B i+ vets O
S16005 B vit, tqv %
»n 1400- ©
€. f o ok 77777
G>)1200_ 0 0.5 1 1.5 2 2.5 3 3.5

LW 1000~ miee° [TeV]

800 :
600~ ; /////'
400F '
200F

CMS-PAS-FTR-13-016 %

JHEPOS (2015) 148
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T More Tops

= After Run II at LHC — more top events

= — explore rare processes
= Anomalous couplings?
= — more in-situ fit of systematic uncertainties

= “profiling”

= | epton colliders (see Eric's talk and talk by K. Ellis)

= — top mass threshold scans

= Precise measurements of couplings

= For example top-Higgs Yukawa coupling!

13.01.2016 Yvonne Peters
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e Summary

= Many interesting top physics analyses already ongoing!

= Goals:

= Reduce systematic uncertainties
= In particular: modeling

= Precision measurements of
rare processes and couplings

= Major milestone for Run II:
top-Higgs Yukawa coupling

= Searches for new physics

= Even 20 years after its discovery:
tops are hot topic!
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