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Top Quark Properties in Production and Decay
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Spin Correlations . ! b )
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Limits on Stop

= Stop pair production:
reduced spin correlation,
increased tt rate

PRL 114, 142001 (2015
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Spin Correlations

= {+jets channel: require full tt event reconstruction
= CMS: Full matrix element method

Event likelihood ratios

9%&%9 g Sl %

19.7 o™ (8 TeV)

t

LEPTON
PHOTON

A

= -
t
CMS TOP-13015

Sample likelihoods

19.71 10 \0 1TV

><1O'3 19./ 10 (8 1eV) X 1V
» 3 ) Fr T T T T
D160F CMS - 2160FCMS
= C Preliminary n 1Ee E
1400 .. B 71 ©140F

= Data ] [ = Data
SM = ©120F Mt (u+jets)
3 tt (other)

_; E‘IOO;_.Singlet
— 5 S8OF W +jets
1=

C

()]

§1 20 Mt (signal)
= o tt (other)
100 [ Single Top
g 80F MW +jets
[

ZIv* + jets

60 . ] % 60
40F :

Zh* +jets

W
o

20F :
O Q
< =
s s
1] ]
()] . . . a2 _
- 0 1 -1
-2|n}\‘event
Template fitting

[fsm =0.72+0.08 +£0.13 ]

Most precise result in £+ets channel to-date
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Summary: Spin Correlations

tt Spin Correlation Measurements Summary Aug 2015
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C h d rg e/ F B 'Asy mm et I‘y tree-level and box diagrams: positive asymmetry 1.
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= LO: No asymmetry expected
= NLO: Interferences between qq diagrams g + q1 1
= Diluted at LHC due to large gg fraction and a { 6 e g £

unknown quark direction

ISR/FSR: negative asymmetry
= Recent NNLO prediction for Tevatron:

t
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Charge/FB-Asymmetry
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Latest Tevatron vs. new NNLO Combination of Tevatron and LHC:
DO: consistent, CDF: ~1.50 Several New Physics models disfavoured
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http://arxiv.org/abs/1405.0421
http://arxiv.org/abs/1203.4211
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Summary: Charge/FB-Asymmetry

CDE-11161
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TOPLHCWG
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=== stat. uncertainty
m— e = total uncertainty

(stat) (syst)

0.006 = 0.010 = 0.005
0.004 + 0.010 = 0.011
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Tevatron AtFIB vs. IAyl slope o

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

CDF Dilepton (9.1 fb™)

PRD 90, 072011 (2014)
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CDF Public Note 11161 0.140 +0.150

CDF combination (9.4 fb™)

CDF Public Note 11161 ——— 0.227 £0.057
: 1

DO Lepton+jets (9.7 fb™) 0.154 +0.043

NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007 & private comm.

0.2 0 0.2 0.
o (asymmetry per unit rapidity)

L atest Tevatron vs. new NNLO
DO: consistent, CDF: ~1.50
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ATLAS dilepton F ° <4 0.021+0.025 + 0.017
[JHEP 05 (2015) 061]
CMS dilepton oo 4 -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 o i 0.024 + 0.015 + 0.009
[JHEP 05 (2015) 061]
CMS dilepton b i 0.009 + 0.010 =+ 0.006
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0070 = 0.0003
[PRD 86, 034026 (2012)]
I I I
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LHC: Good agreement
statistical uncertainties still large — more data
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Top-Quark Polarisation

= Using lepton angular distributions relative to
quantisation axis (here: beam basis)

= Matrix-Element technique for event kinematics
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First measurement of polarization at the Tevatron,
simultaneously with (anti-correlated) Ars
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Summary: W HeI|C|ty Fractions
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Flavour Changing Neutral Currents
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= backgrounds from
control regions

Andreas B. Meyer

Events / 8 GeV

541 TT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘L >
[ ATLAS Preliminary e data 1 8
L 4 tt— bWqZ signal | o 6
L Vs=8TeV,20.3 b vz ;o
4 ! 2
L - Other 31 B g
| Fi4 o
s [ take leptons I
3? stat. uncertainty | 47
oL i
1; m qll

A N
‘PZO 140 160 180 200 220 240 260 280
Mg [GeV]

ACTA Phys. Pol. B 35 (2004)

SM:BR~ 1072107

BSM:BR~10°..10°

New Physics could enhance FCNC couplings by many orders of magnitude
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ATLAS-TOPQ-2014-13
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80000 7% Uncertainty 8000~ Uncertainty
u, ¢ : | :
60000 60001 Mt .
0
ge! 2
§ 1.2 3
= \B|» z
g § b
o 0.9 ]
2 osr :
< ‘ g
ks 1 05 0 05 13 :
NN Output NN Output
g X1(x3' 7T
(1?0-30__ ATLAS Preliminary s=8TeV, 20.3fb"
m t}c:[he;rtl)nfl su:&le ’Fop E(_allectlon 5 0.25 -
(1¢, Tb-tag, .ISSIng ) . - — Observed .
= neural net trained to separate FCNC signal 0.20} — - Expected =
from SM-backaround : =10 ]
0.1 5{ Excluded region E
Upper limit on branching ratios: 0.101 E
BR(t—ug) < 4-107° @ 95% CL 0.055 g
1075 0 - 1.
BR(t—cg) < 17-10 @ 95% CL - I T
0.0 .04 0.06 0.08
B(t—ug)
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. JHEPO6 (2014) 008
FCNC- t a(l.oI,C)H 16 ATLAIS U o Datazotis20r2

— Sig.+SM Higgs+continuum bkg. fit

Hadronic Selection (m =125.5 GeV)

...... SM Higgs+continuum bkg.
--- Continuum bkg.

Events/4 GeV
N

HO

f Ldt=203f" vs=8TeV

fL dt= 47", Vs=7TeV

—
(=]
|III|III|III|III|III|III|I

u,C 4

—q
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

P00 110 120 130 140

N
TTTT

ATLAS upper limits:
BR(t—qH) <0.79% obs (0.51% exp)

CMS TOP-14-019 19.7 fb™ (8TeV)
> 12 _I TTT | TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTT I_
0] . CMS i
Q)] i Preliminary ga:!ronlc channel -
S 10H S;ﬁal + total background fit —
B Total background
i) [ e Non-resonant M, background ]
o 8f -
Lﬁ :o—c
6l Myy
CMS upper limits: 4f .
BR(t—cH) < 047% obs (0.71% exp) 13 T :
BR(t—uH) < 0.42% obs (0.65% exp) i 14
i 11 I 11 1 I 1 11 I 11 1 1 1 4 ' 1

OO 110 120 130 140 150 160 170 180
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https://twiki.cern.ch/twiki/bin/view/CMS/PhysicsResultsTOP14019
http://arxiv.org/abs/1403.6293

Summary: FCNC

Exp. \V's B(t — uy) B(t — cv) Reference
CDF 1.96 TeV 3.2.-1072 PRL 80 (1998) 2525
CMS 8 TeV 1.6-10~% 1.8-1073 CMS TOP-14-003
B(t > uZ) B(t— c2)
CDF 1.96 TeV 3.7-1072 PRL 101 (2008) 192002
D@ 1.96 TeV 3.2-1072 PLB 701 (2011) 313
ATLAS 7 TeV 7.3-1073 JHEP 09 (2012) 139
CMS 7 TeV 5.1-1073 1.1-1071 CMS TOP-12-021
CMS 7+8 TeV 5.10~% PRL 112 (2014) 171802
ATLAS 8 TeV 7-1074 ATLAS TOPQ-2014-08
B(t — ug) B(t — cg)
CDF 1.96 TeV 3.9-107* 5.7-103 PRL 102 (2009) 151801
D@ 1.96 TeV 2.0-107* 3.9.-1073 PLB 693 (2010) 81
ATLAS 7 TeV 5.7-107° 2.7-107* PLB 712 (2012) 351
ATLAS 8 TeV 3.1-107° 1.6-10"% ATLAS CONF-2013-063
CMS 7 TeV 3.6-107% 3.4-107° CMS TOP-14-007
ATLAS 8 TeV 4.107° 1.7-107% ATLAS TOPQ-2014-13
B(t — uH) B(t — cH)
ATLAS  748TeV 7.9.103 JHEP 06 (2014) 008
CMS 8 TeV — 5.6-103 PRD 90 (2014) 112013
CMS 8 TeV — 9.3-107° CMS TOP-13-017
CMS 8 TeV 4.2.1073 4.7-1073 CMS TOP-14-019

Andreas B. Meyer
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Top-Quark Mass

= Quark mass is scheme-dependent

M,, [GeV]

= Pole-mass: viewing top quark as a free parton
= QOther schemes, e.g. MS scheme give different values

= Difference between ‘direct MC mass and pole

mass estimated to be O(1) GeV

= ‘Direct’ mass measurements

= Reconstruct mip(rec) and extract mp(MC)

= Experimentally most precise, limited by

= (Flavour-dependent) jet energy scale uncertainties
= Final state modeling: hadronization, fragmentation,

colour reconnection

= ‘Alternative’ mass measurements

= Complementary (experimental or theoretical)

uncertainties

= Comparison/combination with ‘direct’ mass
measurements can reduce uncertainties further

@;@ Andreas B. Meyer

Top Quark Properties
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Ozzm

[ T I T T T T I T T T T I T ; " T T I T T T T I T I/_r

- 68% and 95% CL contours | M vﬂf:‘:;’; ';:"62\;” -

80.5 — [ fitw/o M,, and m, measurements 'l -~ 0=0.76 GeV i —

L fit w/o M,,, m _and M, measurements L] — 0=0.76 ®0.50,,,, GeV d

C direct M,, and m, measurements . i

80.45 — b -]
80.4 g

[ oy /( odl ]

L M, world comb. = 1o g |

80.35 — M, =80.385 = 0.015 GeV ‘ =
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http://arxiv.org/1407.3792

Mtop(MC): CMS aljets s Top-a02

= 2D’ likelihood fit to extract mip and light-quark jet energy scale from W-mass constraint

CMS Preliminary, 18.2 fb”, /s=8Tev CMS Preliminary, 18.2 fb”, s =8 TeV
% S o E > 350F " T T T T T T T ]
. i Back d [ : . ]
(,_g 600} =tt correct D aekarenm = Q) 300i D Background 1
- tt other * Data ] S - e Data ]
5 500, > sl ;
C C = C ]
= 800, " 1s0f 1
200¢ 100 :
100f 50} 1
LED 1.57 ‘ g 1.5’“*”|[1w*””wr+” A
np.. ¢
s 1 i iT# 3 1;W++ e WMWI ]
CDU 0.5 CDU 0.5 L*t\il
300 400 70 80 90 100 110 120

mit [GeV] mie° [GeV]
CMSTOP-14015  CMS Run-l combination:

[ Miop = 172.38 £ 0.10stat £ 0.65syst GeV ]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14002

mtop(MC)Z CMS alljets

CMS TOP-14-002

= 2D’ likelihood fit to extract mip and light-quark jet energy scale from W-mass constraint

= Db-jet energy scale cross checked using Z+b

CMS Prellmmary, 18 2 fb1 s =8 TeV

> = As= _

8 600 - . tt correct D Background _

g 500 _ . tt other e Data _

GC) 400 — _

> - ]

" 3001 E
200 ]
1oo§— ;

Q 5 ‘

2 .

s i+ L Hﬂ..“ 5 ++ +++++++ %ﬂ# M

S g5b—tl

0 U700 500 300 | 200

m{* [GeV]

CMSTOP-14015  CMS Run-| combination:

[ Mtop = 172.38 + 0.103’[3’[ + O.65syst GeV ]

Andreas B. Meyer
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CMS Preliminary

19.7 fb" (8 TeV)

2 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
= - a<0.3, p>>30 GeV - Data
Sas0of T mzs 1.
i O Z+c ~
2000[- e T
[l Others g‘
i -ﬁ S
1500F
1000f
500f
X
o 15
=
< 1
|_
<
O
20 02 04 06 08 1 12 14 16 1.8 2
Ryer
b-jet energy scale correction

[ Ccorr =0.998 + 0.004 stat 0.004 sys
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsJME13001
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14002

mtop(MC): ATLAS

["‘jetS arXiv: 1503.06427

= 3D template fit to mtop, jet energy scale and b-jet energy scale

$ 00 arias | e
9 s=7TeV.46f' = Best fit background
£ 500( T —— Bestfit —
2 Uncertainty

w f

400

300

200

100

‘PSO 140 150 160 170 180 190 200 210 220

e [GeV]
g oosf o T T
o - ATLAS [ JousF=095 ]
= - Simulation, s=7 TeV ]
% 0.04— e bJSF = 1.00 —
z - [ JbusF=105 ]
g o003 .
& - i
g - rec j
o  0.02 ]
z - bq -
0.015 _ -
0=05 1 15 2 25 3

reco
bq

ov P s L

> T T I T T T T I T T T T I T T T T I T T T -I I T T T T

8 1000 ATLAS ¢ data, l+jets |

- A e Best fit background
s=7 TeV, 4.6 fb

‘2’ —— Best fit

Ij>j 800— + Uncertainty I

600

400

200

0

& 70 80 90 100 10
mreco [GeV]
bn by
rec __ p T T p T
bg — W
pT + p
= Ryg™% sensitive to b-jet energy scale
= insensitive to light-quark jet energy scale and myop
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http://arxiv.org/abs/1503.05427

mtop(MC): ATLAS

PHets

3D template fit to mtop, jet energy scale and b-jet energy scale

Events / GeV

arXiv: 1503.05427

1000 ATLAS |+ datalsjets |
s=7 TeV 46fb'1 ------ Best fit background
T —— Bestfit
800~ + Uncertainty ]
600
400
200
0 1 1 1 1 1 1 1 11
60 70 80 90 100 110
mreco [GeV]
ATLAS Combination

[ mtop = 17299 + 0.48stat + O.78syst GeV }

Will benefit from more statistics at 8 TeV and Run-|

]
® 600Farias e datalejets |
O Best fit background
> s=7 TeV, 4.6 fb”' :
£ 500~ —— Best fit ]
L%J ; Uncertainty
400
300
200
100
30 140 150 160 170 180 190 200 210 220
miee [GeV]
Q 700~ AT AS "o data, lets ]
s T "
< 600 s=7TeV, 4.6 i Best fit background_
}é’ — Best fit
o Uncertaint
Z 500 t i
400
300
200
100
0 1
er)eqco
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http://arxiv.org/abs/1503.05427

mtop(MC): CDF and DO 20 channel

= Reconstruct two observables
= Miop(reco): from full kinematic reconstruction
= mp(alt): dampen dependence on jet-energy scale

LEPTON
PHOTON

2015

= Include multiple kinematic solutions, using weights w

from expected neutrino spectra. ‘

CDF Run Il Preliminary (8.8 fb'1}

F - arXiv:1508.03322
PRD 92 032003 60 = tt— 'I+2Jets+E,, tagged events
‘5502_ + +:z:t:ythia, M=171 GeV/c?) % 80‘_-0—Data DQ 9 7 fb -1
2 40 + Bkg O O —i.m=172.5 Gev S S
g . + B n | "-ff,mt=165 GeV tt— ¢fvevbb
;30:_ »n 60_--- tt,mt=180 GeV sty bt (b)
g r= ~ [DInstrumental R :
S 20 d>> ” [ Diboson
& 105 w 40— [1Z->7¢
: + + -
i —+ _ - A P
50 Ot e 20— e i
: 100 120 140 rlgo 18IZI2 200 220 240 - s E ik
<= 40 + M7 (Gevie) I X WL, - <1
2 N tt (Pythia, M=171 GeVic") 0 ro— S R v S N S —
% [ + Bkg
O 30 + B 4o K N SO, S
e r ® 1 sz testsesag ey -4 -
% 200 + iR c HpedT S e
s [ 15 st et of 120 140 160 180 200 __ 220
w 10__+- _+_ Ie,plun and jet four-momenta “W [GeV]
0 20 40 60 80 100 120 140 160
Mt (GeVic?)
[ Miop = 171.9 £ 1.9stat £ 2.5syst GeV J [ Mtop = 173.32 £ 1.30stat 0.85syst GeV ]
(2@
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http://arxiv.org/abs/1508.03322
http://arxiv.org/abs/1505.00500

Summary: Miop(MC

TOPLHCWG Mass of the Top Quark

ATLAS+CMS Preliminary my,, summary, \'s = 7-8 TeV TOPLHCWG July 2014 (* preliminary)
------- World Comb. Mar 2014, [7]
B stat@JSF@bJSF — stat@JSF@bJSF .
total uncertainty = = = f{otal uncertainty CDE-1l dile ton'*
M, = oL, (stal@JSFE0JSF = syst) (s Rel. P 170.80+3.26 (=1:83=269)
ATLAS, I+jets () —_ 172.31+ 1.55 (0.75 = 1.35) 77ev [1]
ATLAS, dilepton (*) — —i 173.09 = 1.63 (0641 150) 7TeV [2] DO-I dilepton
CMS, l+jets — — 173.49 + 1.06 (0.43 = 0.97) 77ev [3] 174.00£2.80 (:236+149)
CMS, dilepton — 172.50 = 1.52 (0.43+ 1.46) 7TeV [4] ———ae .
CMS, all jets —_ — 173.49 141 (0.69+ 1.23) 77ev [3] CDF-Il alljets * 175.07 £1.95 (+1555119) ) A
LHC comb. (Sep 2013) 173.29 = 0.95 (0.35 = 0.88) 77TeV (6] L
World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [7] —_—— ~
ATLAS, l+ets == 172.33 £ 1.27 (0.75 = 1.02) 77Tev [g] CDF-Il MET+Jets 173.93+1.85 (+1.26= 1.36)
ATLAS, dilepton —_ 173.79 = 1.41 (0.54+ 1.30) 7Tev [g]
ATLAS, all jets o] 1751+ 1.8 (1.4 £ 1.2) 7 TeV [9] —_——
ATLAS, single top  F——i—o- 172.2+ 2.1 (0.7 = 2.0) 8 TeV [10] CDF-II lepton+jets 172.85+1.12 (052 0.98)
ATLAS comb. (/22010 172.99 = 0.91 (0.48 + 0.78) 77Tev [g] ®
CMS, I+jets —e—i 172.04 + 0.75 (0.18 + 0.74) 8 Tev [11] ) =y %<
CMS, dilepton —e 172.47 = 1.41 (0.17 + 1.40) 87V [12] DO-Il lepton+jets 174.98+0.76 (:0.41=0.69) 2
CMS, all jets | ] 172.08 = 0.89 (0.37 = 0.80) 8 Tev [11] 3
CMS comb. (Sep 2014) 172.38 + 0.65 (0.14 = 0.64) 7+8Tev [11] S 3
[1] ATLAS-CONF-2013-046 [7] arXiv:1403 4427 Tevatron combination 174.34 +0.64 (=0.37=0.52) %
[2] ATLAS-CONF-2013-077 [8] arXiv:1503.05427 (Run I and Run Il) (= stat + syst)
May 2015 [3] JHEP 12 (2012) 105 [9] EurPhys.J.C75 (2015) 158
() Superseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055 ¥?/dof = 10.8/11 (46%)
h pb low th )i’ [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-015
shown below the line [6] ATLAS-CONF-2013-102 [12] CMS PAS TOP-14-010 ‘ ‘ ‘
T U TR N U N A R T T M N T T B M M
165 170 175 180 185 165 170 175 180 185
GeV/c?
rn'lop [GGV] M ( )

CMS Combination ATLAS Combination Tevatron Combination
Miop = 172.38 + 0.65syst GeV Miop = 172.99  0.915yst GeV Miop = 174.34 £ 0.64syst GeV

Work towards next world combination has started
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TopLHCWG
http://arxiv.org/abs/1407.2682

Mass from Single Top

ATLAS-CONF-2014-055 i

W80T T T T " T T T T T T T T ]
. . g 1600~ ATLAS  Simulation Preliminary gy m_=165.0Gev
= ‘Alternative’ mass measurements: different 2. ok B <1725 GeV ]
. . . g - Bl m,,=180.0 GeV
(experimental or theoretical) uncertainties w00k =
= Comparison/combination with ‘direct’ mass 1000}~ £
measurements can reduce uncertainties g0} =
further L e
400/ Vf, -~
200% —
Different color reconnection process of b L . T
and different scale uncertainties m(l b) [GeV]
> Ll e e L

(0] - ® \Vys=8TeVdata I4f y i
& i Best fit: m,,, = 172.2 = 0.7 (stat.) GeV ¥ oF ]
% : Single-top t-channel signal 0 SR, WY SRR :

2 tsigna pTTC SN
@ 1000 —! tl_;,aséglj(g?ound T ETZRCT) 17267 [Ge\1,]74_
[ ATLAS Preliminary +¥: ]
B Ldt=20.3fb" ]
500 — —
60 o 8|0 o 1(|)0 I 1é0I — 14|f0 _
[ mtop = 1722 i 07 stat i 20 syst GeV ] m(lb) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-055/

CMS Preliminary, 19.7 fb ™', /s =8 TeV, l+jets
MC): CMS 3 e e WY
. . © - e Data  --- MG, Pythia P11 -
mtOp( )' £+Jets (2 3. — MG Pytiazz: - - MG, Pythia P11noCR
. . . N | — - Powheg, Pythia z2*  ----- MC@NLO, Herwig 6 |
= Determine kinematic dependence of measurement: = - . |
pin down those (non-)perturbative corrections that would lead \E, = i ______________ E \
to differences N - T S i
e . e . 1 T T T
= Select distributions with sensitivity to £ i 1 o
i . 1 =
= Color reconnection B of f‘l']etS — g
= |SRIFSR > . 118
. : O] . 1R
= p-quark kinematics _ . jl_HHHHMHHHH}HHHH%'Hmm: §
: N o E =
: O (1) ¥ ——3 '
- ﬁ\ § 0 100 200 300 _ 400
Observable miP x? t pT't‘ha g [GeV]
ARqg 287 . — 1omr=rreliminary, 19.7 7 Is=8TeV, ujets
PTthad 0.89 12.us 95./0 4 > - e pata @ --- MG, Pythia P11 .
A [4)) C ata s Py i
|t had | 5.56 1.22 1.14 3 O] 8 - MG, Pythia 22* _..-. MG, Pythia P11noCR]
Hy 6.19 9.18 7.54 4 T B6F  — - Powheg, Pythia z2* MC@NLO, Herwig 6]
Mg 216 469 422 | 5 d - ownes, Ty £e Sl
th,tﬁ 102 122 133 | 4 = 4;; =
Jet multiplicity | 4.24 0.10 1.16 2 \ 2K -
PTbhad 2.57 : e a F =
1176 had| 115 Altogether 14 different distributions & OF :
{;be 4o have been measured to ensure that 2F N E
‘;;q’had 3' 2 models describe behaviourofdata = 4F ————$———2
qhad : 8 -6 =
PTWhad 1.59 throughoutphasespace N ) L B B N
|7Whad| 1.41 PO—T O > . . .
Total 3743 6094 3715 | 47 g 0O \ :
(;s '2 ;\ AN T TN N T S T T T TN AT S SN N M -
8 2 4 6

(e ®2 :
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14001

Pole Mass

= inclusive cross section (NNLO)

dependent on top-quark pole mass

3 - - -1
2 1af DO, L=9.7 fb
BN

- =—e— Measured o(pp— tt+X)

Top quark pole mass (GeV)

4— —— Measured dependence of 6~ %

| — NNLO+NNLL
2 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1
160 170 180 190

[ Miop = 169.5 +3.3-3.41t GeV ]

Precision limited in part by theoretical uncertainties

@;@ Andreas B. Meyer

G10¢) €5794u00 0

= {t+1jets distribution (NLO+PS)

S. Alioli et al EPJC 73 (2013) 2438 1
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pole mass through threshold and cone effects

'

-

AA

Top Quark Properties

/—:: Em 4'5: L L — 1 T T T T | I . lv
o - fi+1-jet@NLO+PS form™= Y
A O e e g A
g“ o 38 Vs=7TeV,46 ol T a0 Gev B =
S - 173.7 GeV (best fit) 1B
~ 3? e Data E g
. 0% 25 ;— el i g
- e E s 1 1o
Bl SN 2 v SEEEEEER =
< | = ]
) 1.5F E
=) 1; s E
3, - E
I oS FIUTIT UL {
1 :: o = -,—-!-—‘L'J‘—-!-T\. ‘-,‘ ‘ 4
b = 1'37 B
Iz . s .
P I Y B et e e 1
- BE= z_
2L 0-7g 0.2 0.4 06 0.8 1
8. - p, (parton level)
S 2m0
N’ —_
X Ps = —/—— :
VSti+1-jet
[ Mpole = 173.7 £ 1. 5¢tat 1-4syst +1 .O-O.5theory GeV ]

Precision limited more by statistical uncertainties
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T106/
http://arxiv.org/abs/1507.01769
http://arxiv.org/abs/1303.6415

Summary: Pole Mass

I I I I I I I I I \\ | I I I I I I I
®
DO 5.3/fb 167.50 + 5.00 GeV
PLB 703 (2011) 422
N @
CMS 7 TeV 176.70 + 2.90 GeV
PLB 738 (2014) 526
ATLAS 7+8 TeV \ 172.90 = 2.50 GeV
EPJ C74 (2014) 3109
ATLAS 7 TeV tt+1jet \ 173.70 = 2.20 GeV
arXiv:1507.01769
o N
DO Preliminary \ 169.50 = 3.30 GeV
DO Note 6453-CONF \\
Direct reconstruction LHC+Tevatron 2014 173.34 = 0.71 GeV
arXiv:1403.4427
] ] ] | ] ] ] ] | ] ] \l | ] ] ] ] | ] ] ]
165 170 175 180
m, [GeV

Pole mass measurements, experimentally not (yet?) as precise as MC mass
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Summary

(5%)
oy

Top quark physics: Key to QCD, electro-weak and New Physics
= Tevatron and LHC data provide complementary information

= Adetailed picture of top quark properties has been established

= Experiments finishing Legacy publications (Tevatron and LHC Run-1)

Run-ll: 100 fb! expect per experiment by 2018
= 80 million tt events and 20 million single top events (>10 Hz at 1034)
= 80,000 tt+Z and t+Z events each

Statistics — systematics and reach
= Beat down systematics using statistics and combination of methods
= Ultimate precision esp. for top mass (also through theory advances)

Top as probe of New Physics
= Direct and indirect searches
=  Couplings, FCNC, angular distributions

Run-ll: expect further substantial progress in experiment and theory, and - hopefully - surprises

Andreas B. Meyer Top Quark Properties
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Links

= ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

= CDF: http://lwww-cdf.fnal.gov/physics/new/top/top.html

= CMS: http:/lcms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html

= DO: http://www-d0.fnal.gov/Run2Physics/top/index.html

= LHCb: https://twiki.cern.ch/twiki/bin/view/LHCb/Top
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
http://www-cdf.fnal.gov/physics/new/top/top.html
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https://twiki.cern.ch/twiki/bin/view/LHCb/Top

Rs = BR (tWb) / BR (tWq), Width and Vi, emas=)§

CMS, Vs =8 TeV, [L dt=19.7 fb"
% 12000 F— - 6 events : uu events : 2jets eu events
@ 10000 — égata ! ! ._J_*
. . — i 1 |
= |Vip| from Rg assuming unitary CKM oo E. ElSngetpauarc | |
- []Z— Il (data) | |
- . _ 6000 - I:IVV | 1 3 jets
Total width I'top from Rs and t-channel By _rT—— :
1 H [ 2jets jets
single top cross section 4000 _—?{‘ | '
2000 L= 3jets 3jets 4 jets
= L..I!r.l-oq_:_ 1 L
012340123401234012340123401234012340123401234
b-tagged jet multiplicity
measured t-channel o , ,
7Te @ 1.2 T ........................................... \I\\: TP PP N PR .................. \ .............................
( V) \ é 1;‘;**‘3—%.}}% ______ -.¢.- ......... a}- L o 2 INSEPCR e Py
r, — Tj-ch. . I'(t N Wb) o8 ........3.4.0.1.2.3.4.0.1.2.3.4.0.1.2.3.4.0.1.2.3.4I0.1.2.3.4.0.1.2.3.4.0.1.2.3.4

A theory <
measured R 8
R unconstrained 1.014 + 0.003 + 0.032
V| | constrained <1 @ 95% CL > (0972
rtop 1.36 + 0.023tat + 0.14syst - 0.11syst GeV

Most precise direct measurement of V|
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b-tagged jet multiplicity
4 EMS, Is=8TeV, [Ldt=19.7 fb”

Cr
25}
-\ 17/
psf T _:_| ) .
Lo\ b-tagged jet multiplicity / i
\\ == combined E
T \ ““““““ N
SR .
0.5 N i
‘ L1 ‘ Il ‘

o 094 OQé ‘098 ‘ 1 1.0é ‘ ‘104‘ 1.06 1.08
R=B(t— Wb)/B(t— WQq)
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Vio| Summary: LHC

Andreas B. Meyer

TOPLHCWG

ATLAS+CMS Preliminary TOPLHCWG

IV | = Vomﬁ from single top quark production
tb Otheo.

May 2015

Oheo: NLO+NNLL MSTW2008nnio

PRD83 (2011) 091503, PRD82 (2010) 054018
Ao,  :scale ® PDF

theo*

My, = 172.5 GeV
t-channel:

ATLAS 7 TeV'
PRD 90 (2014) 112006 (4.59 fb™")

ATLAS 8 TeV
ATLAS-CONF-2014-007 (20.3 fb™")

CMS 7 TeV
JHEP 12 (2012) 035 (1.17-1.56fb™")

CMS 8 TeV
JHEP 06 (2014) 090 (19.7 fo™")

CMS combined 7+8 TeV
JHEP 06 (2014) 090

Wt production:

ATLAS 7 TeV
PLB 716 (2012) 142-159 (2.05b™")

CMS 7 TeV
PRL 110 (2013) 022003 (4.9 fb™")

ATLAS 8 TeV
ATLAS-CONF-2013-100 (20.3 fb™")

CMS 8 TeV'
PRL 112 (2014) 231802 (12.21b™")

LHC combined 8 TeV'*

ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

—— theoretical uncertainty
— — —— total uncertainty

IthI + (meas.) = (theo.)

._. — 1.02 = 0.06 = 0.02
—e _. 0.97 = 0.09 = 0.02
._._. 1.020 = 0.046 = 0.017
._._. 0.979 + 0.045 = 0.016
..... 0.998 = 0.038 = 0.016
R 1.03 ¥ 315 £ 0.03

d -0.13 -0.04

e 1.10+0.12+0.03
1.03 £0.12 = 0.04

— e 106 =0.110.03

" including top-quark mass uncertainty
: 2 including beam energy uncertainty
I 1 1 |

0.4 0.6 0.8 1 1.2 1.4 1.6
v 1
tb
Top Quark Properties
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Vacuum Stability

Evolution of quartic coupling and Higgs potential depend on top mass through radiative corrections.
Finding: for experimental values of Top and Higgs mass there is no immediate requirement for new physics.

0.10 — T | |
008L 30 bands in
M; =173.1 £ 0.6 GeV (gray)
a3(Mz) = 0.1184 = 0.0007(red)
~ 006~ M, = 1257 + 0.3 GeV (blue) %
= )
=
S o04f =
p N
= )
% 002+ 2]
& I a
=000 oy
i =
-0.02+
- M, =1749 GeV
-004 L1 L1 L1 l L1 l l
10* 108 101 10 10 10 10 10¢
RGE scale g in GeV
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