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Top-quark production ATLAS

EXPERIME

Leading-order Feynman diagrams
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Aims of analyses ATLAS #2 S
EXPERIMENT “7Z%° WUPPERTAL
= Large cross-sections O (100 pb) and datasets -, o) T T 'd1;6T'V(|L AR N N
Q_ B v evatron compine e . - . Au 2016_
» - — | e CMSep*5.02TeV(L=26pb)) ATLAS+CMS Preliminary g 1
top-qua rk factory d S m é{ﬂlégpeg'?evx_(LSfte)fb) LHCIOPWG
. . . = 3|_ m ATLASensTeV(L=203fb")
= Test pQCD at NNLO precision (fixed-order) S 10°E ¢ cuseusteV (=187t
—~ v LHC combineden 8 TeV (L = 53203fb)
A e e
v
= Tune MC generators 0] " 4 ATLASee/up” 13 TeV (L=85pb")
S [ g oty -
= NLOME generators |8 B é CMSaIJIjets 13 TeV (L =2.53fb™) 900k 1
- * Preliminary [
= (New) parton shower generators Q 102k [ 1=
@ g 800F 13
= Constrain parton distribution functions (PDFs) o N 700} 17
. N = NNLO+NNLL (pp) : 1 4
= Determine SM parameters (m;, [Vip|) ANLOSNNLL (55) S
B B B 10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs [TeV] _
= Measure rare processes: tt+W, tt+Z, tt+H; tZ, tH - NNPDF3.0,m,_ = 1725 GeV, a,(M,) = 0.118 + 0.001 =
. . [ I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 7
(not in this taIk) 2 4 6 8 10 12 14
= Constrain new physics models Vs [TeV]
] Anomalous Couplings Predictions made at NNLO+NNLL:
= Effective Field Theory operators
= Direct searches: tf resonances, W’ = tb o(tt) 182 pb 259pb 842 pb
(not in this talk) AG/o 6% +6% +6%
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ATLAS 3%

EXPERIME

Part 1: Latest cross-section measurements

tt production Single top-quarks

1) Differential cross-sections in the eu channel at /s = 13 TeV 1) t-channel production at+/s =8 TeV
fiducial, total, differential cross-sections
2) Ratios of tt to Z-boson cross-sections at /s =13, 8, 7 TeV
2) tW production at+/s =13 TeV
3) Differential cross-sections in the all-hadronic channel using
highly boosted top quarks at+/s =13 TeV
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Single top-quark productionin the t-channel miveRsITAT
y d d J arXiv: 1702.02859 [hep-ex]
Measured cross-sections:
W+ * Fiducial
W+ -
= Total (cross-section ratio, f, * | V| extraction)
t = Differential (particle-level and parton-level)
b b b b
B NN dlscrlmlnant (post flt) Most |mportant varlable
" Separate tqand tq production & 6000} ATLAS stovzoen] @ 00 arias 158 TeV, 202 0" |
(lepton charge) S [ I+SR + Data 1 © | 1SR
. . B g -;‘t? WiiB 8 g ¢ Data
= Two jets, charged lepton, E{m'ss £ 4000f mwres _ —hin
[ Z,VV +jets + ’++"e <
= Neural network to separate signal i . utiet o S000r S T
and background 5000l - 7
= Binned maximume-likelihood fit

0
8o 1.2 ' ' ' ' ©
©| Q 1%—*&—% ®©
Qo 08 . . - . Qla o.
0 0.2 0.4 0.6 0.8 1 0 200 400
O m(jb) [GeV]
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Fiducial and total tq and tq cross-sections ATLA %

EXPERIMENT

Nfg VvV | Nfid
Ofid = : == : Apy =
N. L; Otot = Ofid  with fid =
sel nt Afid N total
= Total uncertainties: 5.8 % (top-quark) and 7.8 (top-antiquark) = Total uncertainties: +7.6 % / -6.7 % (top-quark) and
. . . . ) _ ) _ ;
= Comparison to predictions with NLO ME generators + +9.1% / -8.4% (top-antiquark)
different parton-shower programs =  Comparison to fixed-order calculations.
_ -1
ATLAS (s=8 TeV, 20.2fb ATLAS (5=8 TeV, 20.2 fi”
Measurement result ' Total cross-section: Data <
[ stat. @ syst. unc. [ | stat. unc. ' - ()]
Predicted fiducial cross-section with CT10: ' POWHEG-BOX+PYTHIAG ___ NLO NPPs 205 (2010) 10 é_
[ |scale ® PDF unc.[il PDF unc. ; POWHEG-BOX+PYTHIA8 7 °P°|191 (2018) 74 Q
POWHEG-BOX+PYTHIAG kR v v PowrEc-Box+HERwiG p— ] eororonme |
. POWHEG-BOX+PYTHIA8 D <1 POWHEG-BOX+HERWIG7 —e—| s %
71 POWHEG-BOX+HERWIG A E MG5_aMC@NLO+HeRwIG PR —— NLOWNNLL %
et — | 1G5 AHOGNLO w7 - mn” |8
_ i scale ® PDF @ o, unc.
MG5_aMC@NLOsHERWIGT — momm b %) POWHEG-BOX-+PYTHIAB — R
%) POWHEG-BOX+PYTHIAG - g - OWHEG-BOX+PYTHIAS - — hlb e ore e .
POWHEG—BOX+PYTHIA8 r ' = MG5_aMC@NLO+HERWIG7 —e— B - L:nc_) >
L0 MGS_aMC@NLO+HERW|G7 : I:I scale ® PDF @ o, unc. >é
I L1 11 I L1 1.1 I I‘ L1 : I L1 11 I 1. ..E..;‘. syaalissas bl m
/7 8 9 10 11 50 55 60 65 7
G4 (1) [pb] Gy, (10) [PD]
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Cross-section ratio R, of tq to tq production
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Ttot(1q)

Rt — —
Otot(1q)
= Total uncertainty: £5.0 %

= Statistically limited

= Comparison to predictions with different
PDF sets.

l T T
o " ATLAS Preliminary September 2016

2.4 _ _
- t-channel single-top-quark production
= CT14 Phys. Rev. D 93 (2016) 033006
NNPDF 3.0 JHEP 1504 (2015) 040

- - MMHT2014 Eur. Phys. J. C75 (2015) 204

NLO NPPS205(2010)10, CPG191(2015) 74

1.8

1.6
@ 4.59 fb™" pRD 90 112006 (2014)
(I) 20.2 fb‘1 paper in preparation
W 3.2 fb" anxiv1600.03020

1.4

6 7 8 9 10 11 12 13
Vs [TeV]

_ ot (1q)

R; —
O-tot(ZQ)

= 1.72 £ 0.05 (stat.) £ 0.07 (exp.) = 1.72 £ 0.09

ATLAS

Measurement result
| Istat. ® syst. [ |stat.

Predictions calculated in 5FS:
| |scale ® PDF + a, unc,

ABM (5 flav.)
ATLAS epWZ12
CT14
HERAPDF 2.0
JR14 (VF)
MMHT2014
NNPDF 3.0

Vs=8 TeV, 20.2 fb’

'II-IIIIIIIIIIIIIII--IIII-IIIIIIIIII-IIII.

arXiv: 1702.02859 [hep-ex]
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I I - _ I AT LA UNIVERSITAT
Ditferential tq and tq cross-sections AILAS UnIVERSITA
= Enrich tg events by cut on

NNdiscriminant | — o rrrrp T rrt E‘ T rrr rrrr [ rrr 11T T]
. icle | I % 1F ATLAS /s=8 TeV, 20.2 fb™ Q 15 [ ATLAS [s=8 TeV, 20.2 fb! ]
Particle level: X 0, tq particle-level e Data (7\ [ tq particle-level ® Data '
use pseudo-top quark (t), 2 o — PowHEGBox-PYTHAS | 8 l; : — POWHEG-BOX:PYTHIAS 1
defined with stable particles — _|_|-_‘-L._|___ S -
- : ]
= Parton level: 3 ‘5_.-1 0_2'
L ]
compare unfolded data also © a .
to fixed-order calculations .
0 [ L 1 L L I L L L 1 I 1 L L 1 I 1 L L 1 I 1 ]
> NLELELELES B AL B B LA B
[O) L ATLAS 's=8 TeV, 20.2 fb" | ] o
Cg 1500:_ I+ SR (0,,>0.8) \ + Data _ (DU (QU
-~ M ~ X
> : I 11, Wb % O
g 1000F Eg;\fjjzts 1 0.5 - POWHEG-BOX+HERWIG -+ MG5_aMC@NLO-HERWIG = 0.5 - POWHEG-BOX+HERWIG = MG5_aMC@NLO+HERWIG
[ B Muttijet 1
L 500 @Postﬁt unc. 4 0 1 OO 200 —~ 30 0 05 1 1 5 2
5 (1) [GeV] y(T)l
of : .
LERE . T 5 Observe good agreement with predictions by NLO generators.
DQL_ 081‘ . .. * ) . 3
50 100 150 200 250 300 ,
m(ivb) [GeV] arXiv: 1702.02859 [hep-ex]
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Differential cross-sections: untagged jet ATLAS #2 S
EXPERIMENT 72 WUPPERTAL
= Unfold pr and |y| of the untagged
(forward) jet at particle level
) . i = —r 1 T 1 oy JAELELELE BLELAL AL LA L R
" Train specific network without || > 1F ATLAS s=8TeV,202f6" 1 & sl ATLAS /s=8TeV, 20210 ]
to avoid depletion at hlgh rapidity O] F tq particle-level ® Data ] (E | ig particle-level ® Data
. No) _ — POWHEG-BOX+PYTHIAG | —8 = I — POWHEG-BOX+PYTHIAG
after cutting on the network S 107 s 4l ; i
- ] -
8 F 1o | -
L
10°E ! ! 2
© C ] ©
Q = Q
O t . ©)
= 0.5 L--POWHEG-BlOX+HERWIG---‘MGS_?MC@NLO+HERWIG-: = 0.5 - - POWHEG-BOX+HERWIG - MG5_aMC@NLO+HERWIG
100 200 300 0 1 2 3 4
p(T) [GeV] y(T)l

Good agreement with predictions by NLO generators, with a slight trend
to a softer py spectrum.

arXiv: 1702.02859 [hep-ex]
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Determination of |f, - V| ATLAS Cnvensr

ATLAS+CMS Preliminary LHCtopWG November 2016

[f Vel = \’ (;"‘eas from single top quark production
theo
Gyoo: NLO+NNLL MSTW2008nnio

" Eps e o s i |fi - Vip| = 1.029 £ 0.048

) total theo
Acy,,,: scale ® PDF

My, = 172.5 GeV

[f. V! = (meas) = (theo)

t-channel:
ATLAS 7 TeV!' B [ 1.02+0.06 +0.02
. PRD 90 (2014) 112006 (4.596™") : +0.023

Thls measurement —p| ATLAS 8 TeV " Hat 1.028 + 0.042 + 0.024 Jiv - Vil = 1.029 £ 0.007 (stat.) + 0.029 (exp.) 20014 (scale) + 0.004 (PDF)
Paper in preparation (20.2 fbo™' :
C,&S 7pTepV ( ) et 1.020 + 0.046 + 0.017 + 0.010 (NLO-matching method) + 0.009 (parton shower) + 0.007 (lumi.)
JHEP 12 (2012) 035 (1.17-1.56fb™") :
CMS 8 TeV . Hei 0.979 + 0.045 + 0.016 + 0.005 (my) = 0.024 (theor.)
JHEP 06 (2014) 090 (19.7 fb™") :
CMS combined 7+8 TeV H<H 0.998 + 0.038 +0.016 = 1.029 + 0.048.
JHEP 06 (2014) 090

. g%lﬁ 611%.1&\7/; (231™) I 1 1:03+0.07:002
U SI ng aAr;(-iIC:/]\sSos;.gs;rz%v(s.z o) I I 1.07+0.09:+0.02
o wt: = Define the additional left-handed form factor
_ meas ATLAS 7 TeV B i — 1.03 *27° +0.03 . . 4.
lfiv: - Vipl = |[—— PLETIo @) 42 2081") o ot fy to parameterise deviations from the SM.
O-pred PRL110(2§13) 022003 (4.9 b™") o018 -004

ATLAS 8 TeV . ] 1.01+0.10 +0.03
HEP 07 (2016) 084 (203 1) = Assume V-A vertex structure to be unchanged.
CMS 8 TeV ) —f—t— 1.03+0.12 +0.04
PRL 112 (2014) 231802 (12.21b™") :
LHC combined 8 TeV = 1.02 +0.08 * 0.04

ATLAS-CONF-2016-023,

CMS-PAS-TOP-15-019 HYE
ST oy et tiezoze00s arXiv: 1702.02859 [hep-ex]

s-channel:

ATLAS 8 TeV® [ R S 093918 +0.04
PLB 756 (2016) 228 (20.31b™") : :

" including top-quark mass uncertainty
% 6,.,: NLO PDF4LHC11
NPPS205 (2010) 10, CPC191 (2015) 74

® including beam energy uncertainty

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
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tW production at 13 TeV

b arXiv:1612.07231 =

= Exactly 2 leptons, one with p; > 25 GeV, one with pr > 20 GeV
= Use BDTs to separate signal and background

= Constrain tt background with event yield in 2j2b channel

Fit regions:
g £t . 12000 ¢
ATLAS f  —e— Data 2015 <
_ > _ ' - W 100003
Measured cross-section: fe-13Tev. 3210 i (0
- +jets
. ¢ [ Fak
owe = 94+ 10(stat.)*53 (syst.) 2 (lumi.) pb = Diboson

Ttheory = 71.7 + 1.8 (scale) + 3.4 (PDF) pb

= Total uncertainty: £ 31 %

= Total systematicunc.: +30%

. g 1.2:_ ) | 2 Total unc.
= Main components: e 1%%/&/4%”4«&4(”%%/4%}/ %mw/)wﬁmﬁy//wywﬁﬁ%////% :
— Jetenergy scale: £21% 80.8:—,,_,,,,,,,,,,.,,,., T T | .
0.6 0.8 1 12 14 05 1 1.5
— NLO ME generator: + 18 % BDT (1j1b) response BDT (2j1b) response 2j2b yield
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Differential tt cross-sections in the ew channel ATLAS iversITAT
= 5 kinematic variables: = Use neutrino-weighting method for reconstruction to

» Top quark: pr(t), |y(t)| solve under-constrained system (weight based on
agreement of reconstructed and measured E;™iss)

= POWHEG + HERWIG++(7) / PYTHIAS8 have been
retuned based on these results

» tt system: p(tt), |y(tt)]|, m(tt)

= Normalised and absolute fiducial differential cross-sections

ATLAS

E = ATLAS " Fiducial pﬁasle-sgl)acle I - E ] E " Fiducial Ipﬁaéel—spl)avce. - j
g | 1s=13TeV,3.21b" D ’ g = \s=13TeV,3.210" Data = .
o 102 BTEE > Sar = = Soser = arXiv:1612.05220 [hep-ex]
= ey = ~ - .
'8 a” [Fr @ — gf\,tvif éii + PYTHIA 6 - g S 10 ! E — POaWHEG }éix + PYTHIA 6 E|
© - r—— s POWHEG Box + HERWIG++ n o = e POWHEG Box + HERWIG++ 3
‘_l'b 1 0—3 L amam POWHEG Box + PYTHIA 8 | _I'b 10 2 = gOWHEG Box + PyTHIA 8 =
E s SHERPA 3 E s SHERPA E|
= S — VIG5_aMC@NLO + Herwic++ E —— MG5_aMC@NLO + HerwiG++ .
F T = NSy emmess 3 -y e LI NGS eMCONLO P More details in the talk by
107 = = = 3
= = 10—4 = “
B —1 E 3 . .
. l | . , | - . . . ] Abigail O'Rourke (DESY)
g B ——— = g 12 —
a) . Q  |——
s o/ 1 s ———r—— in the Young Scientists Forum
T Y 0.8 = .
© 05 — + , , , , , on Friday 18:55 —20:05 CET
o 15 y g 12r -
B S . S @
= e W - > 1= —_ R
? 3 I
- - r 08F .
0 500 400 600 800 7000 0 200 400 600 800 1000 1200 1400
p (1) [GeV] m(tf) [GeV]
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Cross-section ratio: o®°'(tt ) / ofid (2)
EXPERIMENT WUPPERTAL
arXiv:1612.03636 [hep-ex] JHEP 1702 (2017) 117
= Use previously published ATLAS measurements and new Z — £*£- measurement at 13 TeV.
=  Correct for common phase space where required.
= Account for correlations of systematic uncertainties.
= Compare to predictions at NNLO(+NNLL) accuracy (DYNNLO 1.5 and Top++v2.0) made with six different PDF sets.
T T T T T T rrT e e L L I L UL UL L L L L L L
ATLAS ATLAS ATLAS
7TeV, 4.6 b 8 TeV, 20.2 fb™ 13 TeV, 3.21b"
PN data = total uncertainty PN data = total uncertainty I8 data + total uncertainty
| data + stat. + exp. uncertainty | data + stat. + exp. uncertainty | data+ stat. + exp. uncertainty
| data * stat. uncertainty | data + stat. uncertainty | data * stat. uncertainty
A ABM12 ——h— A ABM12 ——k—— A ABM12 —
\4 CT14 V- + v CT14 V- v CT14 ——
[ | NNPDF3.0 —— [ | NNPDF3.0 —— [ | NNPDF3.0 ————
[ ] MMHT14 —— [ ] MMHT14 —_— [ ) MMHT14 —
O  ATLAS-epWZ12 — Ot O  ATLAS-epWZzZ12 O O  ATLAS-epWz12 —— O
] HERAPDF2.0 + {1 + O HERAPDF2.0 n; ] HERAPDF2.0 —+—{ h—+
(NNLO QCD, inner uncert.: PDF only) (NNLO QCD, inner uncert.: PDF only) (NNLO QCD, inner uncert.: PDF only)
PR A S T SN SR NN SN SN ST SRR NN SRR SRS SRl N N HROY SN O SR NN SO S PR [N R S SN NN N ST ST SO SN NN SN ST ST S SN SN SN [ TN AN SR SR S S N PR T T AN T T S A TN T S TN T S YT D 0 T S S SO NN S
0.25 0.3 0.35 0.4t t OA\?'d 0.3 0.35 0.4 0.45 t ?.5 (f)'23|55 0.7 0.8 0.9 1 o 1.1 f.L.Z
(0] | (0] 1 (0] |
Siirrev)! OZi7Tev) Sigrev) | OZ6TeV) Siatev)’ OZ(13Tev)
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g©t(tt) / a4(Z): conclusions, trends ATLAS uvaram

» Common pattern observed. JHEP 1702 (2017) 117
» ABM12 set yields lowest values.

» CT14, NNPDF3.0, MMHT14 largest values, ATLAS-epWZ12 and HERAPDF2.0 in the middle.

» Reason: differences in the gluon density and o, values used in the sets.

» ABM12, ATLAS-epWZ12 and HERAPDF2.0 do not include collider data, ABM12 uses lower value of o

ATLAS

T T T T T T T T T T T — T ] r 1 1 1. [ r 1 1 T ] T T T T T T

ATLAS

LI B B B I B LI L N N B A S N B L B

ATLAS

7 TeV, 4.6 b

PN data = total uncertainty
| data + stat. + exp. uncertainty
| data * stat. uncertainty

8 TeV, 20.2 fb™

PN data = total uncertainty
| data + stat. + exp. uncertainty
| data + stat. uncertainty

13 TeV, 3.2 fb

I8 data + total uncertainty
| data+ stat. + exp. uncertainty
| data * stat. uncertainty

A ABM12 ——h— A ABM12 ——k—— A ABM12 ——h——

\4 CT14 V- + v CT14 V- v CT14 —

[ | NNPDF3.0 —— [ | NNPDF3.0 —— [ | NNPDF3.0 ————

o MMHT14 —— [ ] MMHT14 — [ ) MMHT14 —

O ATLAS-epWZ12 — Ot O ATLAS-epW2Z12 —_—{D— O ATLAS-epWZ12 —(—

] HERAPDF2.0 + {1 + O HERAPDF2.0 n; ] HERAPDF2.0 —+—}

(NNLO QCD, inner uncert.: PDF only) (NNLO QCD, inner uncert.: PDF only) (NNLO QCD, inner uncert.: PDF only)
1 | L 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | L 1 1 1 I L 1 1 1 | L 1 1 I 1 1 1 1 I 1 1 L 1 1 1 I 1 L 1 L I 1 1 1 1 | 1 1 1 L I 1 1 1 1 | L 1 1 1 | 1 1 1
0.25 0.3 0.35 0.4t t 0'4\?'d 0.3 0.35 0.4 0.45 t 9.5 (f)'23|55 0.7 0.8 0.9 1 o 1.1 f.10|.2

(0] 1 (0] | () [
Sgrrev) ! Oz(rTev) Sggrev) ! OzigTev) Siatev)/ OZ(13Tev)
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Boosted tt differential cross-section ATLAS

EXPERIME

= All-hadronic channel with boosted top-quarks. ATLAS-CONE-2016-100

= Use 14.7 fb'! of 2015 and 2016 data at /s = 13 TeV.

= Form top-quark candidates with large-radius jets (DR = 1.0) using Top-Tagging algorithm.

large-radius jet
hadronic W boson 5 J

t2 > 350 GeV
b-jet Pr 350 Ge

prt1 > 500 GeV
b-jet

hadronic W boson
large-radius jet

09/03/2017 Wolfgang Wagner Top-quark production and properties
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Boosted tt differential cross-section ATLAS
EXPERIMENT WUPPERTAL
= Use 12 observables of top-quarks and the tt system. ATLAS-CONF-2016-100
= Most important uncertainties: oroduction angle

large-R jet calibration and reconstruction, tt MC modelling, b-tagging _ .
x(tt) =exp (2]y*])

t,1 — . _
Pr m(tt) with y* =% (y*1 — y+?)
> L L L L L LB BRI BEREREES > ) A I B ML I B I B I o AL B B LI R I BRI BUR L LN
& 0014 ATLAS Preliminary RAR ~ - - ATLAS Preliminary RER . 5 1{—ATLAS Preliminary RER —
= C Vs=13Tev,147f%" pwe:pr 7 % 3.5 15=13TeV, 147 ' pwe:pr = @ - fs=13Tev, 147107 PWG:HPP i
% 001 2 __ aMC@NLO+Py8 __ ho] C aMC@NLO+Py8 n 5 | aMC@NLO+Py8 |
~ - e aMC@NLO+HPP . \b 3= e aMC@NLO+HPP  _7] >~ o8 aMC@NLO+HPP  __|
'8 __ [ stat. Unc. ] © C [ stat. Unc. : tx - [ stat. Unc. _
> 0.01 5 - . 5
>~ — Stat. ® Syst. Unc. — < L Stat. @ Syst. Unc. _ ~ = Stat. @ Syst. Unc. —
~— : : - 2-5__ ] _8 — =
0.008F4= - -+ . b 06 ]
- 2_ —] — : :
0.006 - = ] _ i
: : 1.5_— ] 0.4— ]
0.004 = o = i i
- : - i . 0.2 —
0.002— T+, — 0.5 — i ]
= 2-_""' S —— : = 2:_"' e e————— S 2' ...... -
S| 15 P ] BlS ] Ble
Oz 1 T i Ol 1E——=-—=! ST I —
o0 . o= g ' - ' o= o '
ol 500 600 700 800 900 1000 1100 1200 o 1 1.5 2 25 3 o 2 4 6 8 10
Pt [GeV] mf [TeV] A
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Part 2: Spin-related observables
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Top-quark decay ATLAS

EXPERIME

= Large decay width due tolarge mass: | & mt3

t = Life time « formation time of hadrons, spin de-correlation time

= Polarisation and spin correlations in production are transferred to
decay products.

= Source of on-shell polarised W bosons.
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Top-quark spin observables in tt production ATLAS
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EXPERIME

Use tt di-lepton events (ee, eu, uu)
Aim: determine coefficients of spin density matrix

Measure 15 polarisation and spin correlation observables
(follow Bernreuther, Heisler, Si, JHEP 12 (2015) 026)

Use 3 orthogonal spin quantisation axes:

= helicity axis k: top-quark direction in the tt rest frame
= transverse axis7: Ll production plane
= raxis?: Lkand L7

Define 6 angles: 3 axes X 2 charged leptons

arXiv:1612.07004 [hep-ex]

I‘Y
= e -
b "’ /, g v
\\ V. -Ji_,a
\ & wr |
N\, i >
\ A ] o~
-
---------FM-------.
w-g8¢ t
{h.‘_‘a
=T :
/
f
A%
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Polarisation and spin correlation coefficients
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ATLA

EXPERIMENT

=  Unfold distributions of

— Polarisation observables: cos 8%, cos @k, cos@", , ...
— 6 distributions

— Spin correlation observables: cos@¥, - cos8%, cos@n, - cos@_, ...
— 3 distributions

— Cross correlations observables:

cos@n, - cos@* + cosBk, - cosO"_,
cos@", - cos@* — cosBk, -cosoO", ..
— 6 distributions

= Relate mean values of observables to polarisation and spin correlation
coefficients:

Bk, = 3 < cos@k, >, ..

C(k, n) = 9< cos@k, -cos@n. >, ...

Data
Pred.

OO

arXiv:1612.07004 [hep-ex]

2

n n
" cosH

d(cos6
N

0.8

0.6

0.4

ATLAS Particle level
—e— data
Is=8TeV,20.21b” — POWHEG-hvq+PYTHIAG

Ti

0.2

k4

—_
DWW O
T

+é ......... b L — + ......

08060402 0 02040608 1
cos6" coso"
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ATLA

Measured polarisations and spin correlations
EXPERIMENT WUPPERTAL
Polarisations Spin correlations Cross correlations
ATLAS /s=8TeV-20.2fb" ATLAS /s=8TeV-20.2fb" ATLAS /s=8TeV-20.2fb"
Polarisations ¢ JHEP 12 (2015) 026 result + (stat+det) + (mod) Spin correlations ¢JHEP 12 (2015) 026 result + (stat+det) £ (mod) Cross correlations ¢JHEP 12 (2015) 026 result + (stat+det) + (mod)
BX —_————¢ -0.044 + (0.027) + (0.026) C(n,k)+C(k,n) R -0.012 + (0.089) + (0.087)
« C(k,k) ——— 0.296 + (0.072) + (0.057)
B —_—— -0.064 + (0.030) + (0.023) C(n,k)-C(k,n) — - -0.040 + (0.065) + (0.058)
B! —_— - -0.018 + (0.023) + (0.024) C(n,r)+C(r,n) 4—e—— 0.117 * (0.082) + (0.102)
C(n,n) ——— 0.304 + (0.038) + (0.047)
B" ——— 0.023 + (0.024) + (0.034) C(n,r)-C(r,n) _— -0.006 + (0.082) + (0.070)
B, 4—e——  0.039 * (0.030) * (0.029) c(r,r) ~o 0.086 + (0.075) + (0.122) C(r,k)+C(k,r) ——eo4—— -0.261 + (0.112) + (0.135)
B —¢—e——— 0.033 £ (0.029) + (0.045) C(r,k)-C(k,r) ———e——— 0.073 * (0.122) + (0.148)
ol by e b b by Ly PR I T R N A T A SR SN SN AN NN SN SR NN SR ST S M P TR TR T A U W M T MU AN TN TN U N N NN M NN RN T N AN AN TN B R B
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 -0.2 0 0.2 0.4 0.6 -08 -06 -04 -0.2 0 02 04 06 08

. 0.8
Polarisation Spin correlation

= Measurements at parton-level (and particle-level, not shown)

= Use Bayesian unfolding with marginalisation of systematic uncertainties

= Good agreement to SM.

Cross correlation

arXiv:1612.07004 [hep-ex]

= Spin polarisation along transverse axis C(n,n) differs from zero by 5.1 standard deviations.

Top-quark production and properties
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Measurement of the W polarisation in top-quark decays

= W bosons from top-quark decays are polarised due to the V-A structure of the Wtb vertex.

= The angle 6~ between the spin analyser (charged lepton or down-type quark) and the reversed direction of flight of
the b-quark from the top-quark decay in the W-boson rest frame.

. heg. direc- b <

A7

dN(h,W = —1) 3 N dN(hW = O) 3 2 % d‘\r(hﬂv — +1) - § *\ 2
d cos 0* océ(l—COSQ ) d COs 6* ocZ(l—cos %) d cos 0% | 8(1+COSO )
SM prediction F. =0.311 £ 0.005 Fo =0.687 + 0.005 Fr =0.0017 £ 0.0001

(NNLO)
W-boson helicity fractions

09/03/2017 Wolfgang Wagner Top-quark production and properties
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Measured W-boson helicity fractions ATLAS miveRsITAT
Leptonic analyser Hadronic analyser
o oE ATLAS " sestft 4 o  sooE ATLAS - —Betm 3
g 70005 Leptonic analyser [ Background 3 ; é Hadronic analyser (0 Background g
= eooo:—jl_dt=20.2fb'1, \s =8 TeV * Da = 7000 = J.Ldt=20.2 o, Vs = 8 TeV » Daa 3
L‘E, 5000 — e+jets (> 2 b-tags) u+jets (> 2 b-tags) —f o 6000 =3 e+jets (1 b-tag) e+jets (> 2 b-tags) p+iets (1 b-tag) p+jets (> 2 b-tags) 3
o E q @ 5000 —
4000 — . — = , . . =
— — 4000 * ' ' : —]
3000/ = 3000 i LT : | =
2000F = 2000 = ! =
10002 _; 1000 = | | =
E 1207 E
O;WWWW%%WW WWWWWWWWWM
a o - -
cos 9* > . cos e*
Leptonic analyser (>2 b-tags) Hadronic analyser (1 b-tag + >2 b-tags)
Fo=0.709 +0.012 (stat.+bkg. norm.) 001> (syst.) Fo=0.659 +0.010 (stat.+bkg. norm.) *)035 (syst.)
Fi.=0.299 +0.008 (stat.+bkg. norm.) *0013 (syst.) Fi. =0.281 £ 0.021 (stat.+bkg. norm.) F00%3 (syst.)
Fr = —0.008 + 0.006 (stat.+bkg. norm.) £0.012 (syst.) Fr =0.061 +0.022 (stat.+bkg. norm.) *g- 165 (syst.)

arXiv:1612.02577 [hep-ex]
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Limits on anomalous couplings ATLAS %8¢ wuversmr
Generalized Wtb Lagrangian:
. v
g - . g -i0tgq, _
Lww = ——FZ=by"(VLPL+ VRPR)t W, — ——b (gLPL +grPr)t W, +h.c.
V2 V2 mw
& 1.07 =10
E -ATLAS M 99.7% CL % "+ ATLAS I 99.7% CL
B 95.5% CL B °
0.8 / L dt = 20.2 fbe W 68.3% CL T 0s8f _ 1 optib
: <—>> O : /Ldt_20.2 fo <<= gg?v.l3/oCL
0.6/ /s=8TeV 0.6 vs=8TeV
- EFTfitter - EFTfitter
0.4:_ VL =1 0.4__ VL =1
02:_ VR =0 02:_ L = 0
00 | G 00/ G
0.2 ool
i | I | | | I | | | I | | | | | | | I | :
_0.4 _0.4 _0.2 0.0 0-2 0.4 _0.4 I l_1|.ol 11 l_ol.5| 11 lol-ol 11 10|.5| 11 11 [ol 11 11 .5
Re(g.) Re(VR)

arXiv:1612.02577 [hep-ex]
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Wtb vertex structure in production and decay UNIVERSITAT
u d q_' (2) q) = W-boson momen- T T T | T T T | T T T T T T T T T T
tum in top-quark rest ATLAS
A _ frame
. §; =top-quark spin | \s=8TeV,20.2fb" ot AL
W n direction "
W S - Arg
t —o4— Arg
pr o4 Agg
b b : o AY,
! — o— Al
T. ~~~~~~ . .
V — A structure in production C T o4 ¢ SMprediction  n
and deca \: — Stat. uncertainty o
Y o — — Total uncertainty Arg
| 1 | | | | | | | | | | | | Il | | | | | I
04  -0.2 0 02 04 0.6

Angular asymmetry

= Measure 8 asymmetries sensitive to polarisation effects in production and decay.

=  Good agreement with SM predictions.

arXiv:1702.08309 [hep-ex]
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Conclusions ATLAS A=Y tmvcoric
EXPERIMENT 772  WUPPERTAL
= Splendid performance of LHC = large data sets of top-quark candidate events.
= Precision measurements: ratios, couplings, differential measurements; for example:
» fiv - |Vw| =1.029 £0.048 E A ATLAS 'F;r;e;i;n'in:;;y' S
> R=1.72+£0.09 @ 8TeV (5 % precision) =§ SEEHSWMW —Wg :
> ott(tt ) / ofid (Z) =0.480 £ 0.012 @ 8 TeV (2.6 % precision) : 2-5§—+ e —
» tt spin correlation: C(n,n) =0.304 +0.060 (5.1 o) 12: :
= |nput for PDF fits, tuning of MC generators, limits on BSM modells 1_ _
= New opportunities to explore phase space: boosted tt differential cross-section 0'52 |
» Looking forward to analyse full Run 2 data set with 100 fb-1. %g E = J_I_| .
» Use high statistics to improve systematic uncertainties (e.g. profiling) oo "o : = o [Tev]3

» Use new PS generators (HERWIG7 and PYTHIAS) for more consistent treatment of modelling uncertainties.

» Intensive use of Effective Field Theory to investigate BSM physics (foe example: UFO models in MadGraph)

09/03/2017 Wolfgang Wagner Top-quark production and properties
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Single top-quark cross-sections ATLAS

EXPERIMENT

" ATLAS+CMS Preliminary LHCIOPWG = A11AS tchannel .

. . PRD90(2014) 112008, paper in preparation,
- Single top-quark production arXiv:1609.03920 .

[ November 2016 ® CMS t-channel -

. v is1000878 O . o(tgq+tq) 65pb 8pb 217pb

_h_ O ATLAS Wt
— PLB716(2012) 142, JHEPQO1(2016) 064, —

ATLAS-CONF-2016-065 AoO / e) +4 % +5% +4%

CMS Wt
t-channel PRL110(2013) 022003, PRL112(2014) 231802

* LHC combination, Wt
ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

gErE = TENY SRS 4 ATLAS schanne

ATLAS-CONF-2011-118 95% CL,
PLB756(2016) 228

CMS s-channel —
arXiv:1603.02555 95% CL
- Y Wt X 7+8 TeV combined fit 95% CL -

(@)
\V]
TTTT]

Inclusive cross-section [pb]
I
R |

=== NNLO PLB736(2014)58 i

scale uncertainty

=== NLO+NNLL PRD83(2011)091503,
_ PRD82(2010) 054018, PRD81(2010) 054028
Wi: tf contribution removed
S'Channel scale ® PDF @ o uncertainty

= NLO NPPS205(2010) 10, CPC191(2015) 74
MR= HF= mtop!
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
Wt: p: veto for tT removal=60GeV
and n =65 GeV

- - scale uncertainty -

scale ® PDF & o uncertainty
Migp= 172.5GeV

[e10} 1e)s

Vs [TeV]
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Single top-antiquark t-channel (post fit)
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Events / 0.05

4000

L I SR

- ATLAS

S —
\s=8 TeV, 20.2 fb™" {

¢ Data

m {q A

Bl i, Witb

I W +jets

[ Z,VV+jets

Il Multijet

/1, Post-fit unc.

8000

4000

Events / 20 GeV

2000}

Data
Pred

6000}

[ ATLAS
L " SR

/

\s=8 TeV, 20.2 fb™" ]

¢ Data
B tq
B it Witb
I W +jets
[ Z,VV+jets
Bl Multijet
7/, Post-fit unc.

Events /0.2

Data

1s=8 TeV, 20.2 fb' |

¢ Data .
B tq -
Bl it Wi thb
B W +jets
[1Z,VV+jets
Il Multijet
7y Post-fitunc. -

Pred.
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Uncertainties of the fiducial tq cross-sections ATLAS iveRsITA
Source Aocga(tq) | osa(tq) Aocsa(tq) / oad(tq)
(7] (7]
Data statistics + 1.7 + 2.5
Monte Carlo statistics + 1.0 + 1.4
Background normalisation < 0.5 < 0.5
Background modelling + 1.0 + 1.6
Lepton reconstruction + 2.1 + 2.5
Jet reconstruction + 1.2 + 1.5
Jet energy scale + 3.1 + 3.6
Flavour tagging + 1.5 + 1.8
ERiss modelling + 1.1 + 1.6
b/b tagging efficiency + 0.9 + 0.9
PDF + 1.3 + 2.2
tq (tg) NLO matching + 0.5 <0.5
tq (tq) parton shower + 1.1 + 0.8
tq (tq) scale variations + 2.0 + 1.7
tt NLO matching + 2.1 + 4.3
tt parton shower + 0.8 + 2.5
tt scale variations < 0.5 < 0.5
Luminosity + 1.9 + 1.9
Total systematic + 5.6 + 7.3
Total (stat. + syst.) + 5.8 + 7.8

09/03/2017 Wolfgang Wagner Top-quark production and properties
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Uncertainties of the R, measurement

Source AR, /R; [%]
Data statistics + 3.0
Monte Carlo statistics + 1.8
Background modelling + 0.7
Jet reconstruction + 0.5
Emiss modelling + 0.6
tq (tq) NLO matching + 0.5
tq (tq) scale variations + 0.7
tt NLO matching + 2.3
tt parton shower + 1.7
PDF + 0.7
Total systematic + 3.9
Total (stat. + syst.) + 5.0

09/03/2017 Wolfgang Wagner Top-quark production and properties
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tW event selection ATLAS

EXPERIME

At least one jet with pt > 25 GeV, |n| < 2.5
Exactly two leptons of opposite charge with pr > 20 GeV,
In| < 2.5 for muons and |n| < 2.47 excluding 1.37 < |n| < 1.52 for electrons
At least one lepton with pr > 25 GeV, veto if third lepton with pt > 20 GeV
At least one lepton matched to the trigger object

ERiss > 50 GeV, if me < 80 GeV
ERiss > 20 GeV, if mg > 80 GeV

Different flavour

EXiss > 40 GeV, always
veto, if myp < 40 GeV
Same flavour AERSS > Bmyy, if 40 GeV < myp < 81 GeV
veto, if 81 GeV < myp < 101 GeV
2mye + BRI > 300 GeV, if mee > 101 GeV

09/03/2017 Wolfgang Wagner Top-quark production and properties
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tW cross-section uncertainties !;\,I,!ThﬁNST 827 retataL
Au
06 04 02 0 02 04 06
Source AO-VVt/O-VV{;[%] I L L L L L L B DI B
Jet energy Scale 21 Parton Shower generator
Jet energy resolution 8.6 )
E},I‘nlss SOft terms 53 JES: flavour composition
b-tagging 4.3 JES: Eff1
Luminosity 2.3 i
Lepton efficiency, energy scale and resolution 1.3
Luminosity
NLO matrix element generator 18
Parton shower and hadronisation 7.1 M generetor
Initial- /final-state radiation 6.4 JES: 1 intercal. model
Diagram removal /subtraction 5.3 F cantal el
Parton distribution function 2.7
Non-tt background normalisation 3.7 JES:plleup b
Total systematic uncertainty 30 Pret eficiency scale fac. ! :
Data statistics 10 ATLAS | —— "o
Total uncertainty 31 o 7{//4 Postinoscon
3 =2 1 0o 1 2 3
(6-6,)/A0
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Differential tt cross-sections (absolute)

ATLAS

EXPERIME
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> E T T 1T L L = > T T T T — 1 T T
[0) E ATLAS Fiducial phase-space 3 [0) 1 Er ATLAS Fiducial phase-space 1;]
© C V\s=13TeV,3.21f" e Data n © E 1s=13TeV, 320" e Dan 3
= - Stat. fen) Z Stat. ]
o T+ 107 o ==eea Stat ® Syst. — = Stat ® Syst.
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© - e e POWHEG Box + HERWIG++ . ° = ad s POWHEG Box + HERWIG++ 3
- amam POWHEG Box + PYTHIA 8 — - mmam POWHEG Box + PYTHIA 8 7
_ s SHERPA o s SHERPA
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Differential tt cross-sections: rapidity distributions

> N B L B L B B > 10— — H L A L BN B
3 0.9 ATLAS Fiducial phase-space — 5 = ATLAS Fiducial phase-space -
S 0.8F 1s=13TeV,32fb" e Data — S - 1s=13TeV, 3.2 e Data -
o 0.7 = Stat. 3 o B Stat. 7
— f Gaaagaees Stat @ Syst. — 4 — Stat ® Syst. —
= = e POWHEG Box + PYTHIA 6 3 c 1 E— e POWHEG Box + PYTHIA 6 =
- 0.6 @ s POWHEG Box + HERWIG++ = -] = ® POWHEG Box + HERWIG++ -
~ 05 = mmam PowHEG Box + PYTHIA 8 3 ~_ [ T T T Y PowHEG Box + PYTHIA 8 ]
= M E s SHERPA - = . SHERPA
3= 04E ) MG5_aMC@NLO + HERWIG++ _ 8 =10 e MG5_aMC@NLO + HERWIG++ —]
- E amam MG5_aMC@NLO + PyTHIA 8 3 — = amam MG5_aMC@NLO + PyTHIA 8 3
: 0.3 — ' © - -
o 0.2 ;_ _é —lo — TR I S T T T LI TR S ST e T
= = 102 & —=
0.1 —— — = =
-I:— 1 1 l 1 l " ’ | l —il- l: l 1 l 1 1 l 1 :l
(4] (4]
e 11— — e 11— —
() ()
U. 1_ __ ———* -o. 1MIIIIII-IIIIIIV
S o
o 0.9— — o 0.9— —
© ©
- 1.1 — = 1.1 —
o a R EEEEEEEEEEEEEEEEEEEmEEEESEsSEEEEEEEEEEEE
= = | [y, —— N
© ©
S o
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0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
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Significance of disagreements ATLAS
EXPERIMENT WUPPERTAL
pr(t) 1y (2)] pr(tt) ly(tt)] m(tt)
Predictions X2 /NDF  p-value XQ /NDF  p-value | X2 /NDF  p-value | X2 /NDF  p-value | XQ/NDF p-value
Pownec + PyTHIA 6 5.2/4 0.27 0.5/3 0.92 5.5/6 0.48 0.6/2 0.74 3.9/4 0.42
PowHEG + PyTHIA 8 4.6/4 0.33 1.3/3 0.73 5.1/6 0.53 0.0/2 1.00 5.7/4 0.22
POWHEG + HERWIGH+ 14.6/4 1.4/3 0.71 4.1/6 0.66 1.0/2 0.61 12.0/4
MG5_.aMC@QNLO + HErRwIGH+H 2.0/4 0.74 1.3/3 0.73 0.6/6 1.00 0.2/2 0.90 0.9/4 0.92
MG5_aMC@QNLO + PyrTHiA 8 3.6/4 0.46 0.6/3 0.90 10.7/6 0.10 0.1/2 0.95 2.7/4 0.61
SHERPA 3.8/4 0.43 0.8/3 0.85 0.7/6 0.99 0.0/2 1.00 2.3/4 0.68
Pownec + PyTHIA 6 (radHi) 7.8/4 0.10 0.6/3 0.90 0.9/6 0.99 0.4/2 0.82 3.8/4 0.43
PowHEG + PyTHIA 6 (radLow) 5.5/4 0.24 0.8/3 0.85 9.6/6 0.14 0.8/2 0.67 4.5/4 0.34

Overall there is good agreement between the distributions predicted by MC generators and data, except for

Powheg+HERWIG++ (low p-value).
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Statistical correlation matrices ATLAS WURPERTAL
EXPERIMENT
_ ATLAS Simulatlion ‘|S =13TeV, 3.2 fb']I - ATLAS Simulation \s=13TeV, 3.2 fb’} ATLAS Simulation \s=13TeV, 3.2 fb'}
> = ' = | \ |
q, ‘ = 350-
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o(tt) /o (Z): primary inputs ATLAS

o+ stat £ syst [pb]
V5 [TeV] 13 8 7
old. 778.3+£0.74+17.7 | 507.0+£0.24+11.0 | 451.2+0.54+8.7
oyl 774.440.6 £18.2 | 504.7+£0.24+10.8 | 450.0 4 0.3 £ 8.8
O e x | 9:94£0.09£0.37 | 3.04+0.02£0.10 | 2.30 £ 0.04 £ 0.08
oot 818 + 8 £+ 35 243 +£2+9 1834+ 346
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o(tt) / o (Z): correlation model ATLAS

EXPERIME

(%
Q:ZD
NQ-
(%
&+~ o+
1o

[l

Source / Vs [TeV]
Luminosity

Beam energy

Muon (lepton) trigger
Muon reconstruction/ID
Muon isolation

Muon momentum scale
Electron trigger

Electron reconstruction/ID
Electron isolation

Electron energy scale

Jet energy scale

b-tagging

Background

Signal modelling (incl. PDF)

—
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= el e
> > 0> > W e | oo
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‘. ~tot(+F fid Al oo
2D analysis: o®©t(tt ) versus ¢fid(Z) ATLAS 7289 vuverers

g 480 _I T | T T T T T T T T T T _ g T T | T T T T T T —] g T | T T T T T T T T T T T T T4
S L ATLAS 1 & | ATLAS | & | ATLAS 1
2N - 1 4 2N 1 2N - 1 .
(o) | 7TeV,461b | o 8 TeV,20.21b o) 800 13 TeV, 3.2 b
460 — i i
440 - I i 1
i : 750 .
420__ A ABM12 B A ABM12 - A ABM12 .
v CT14 v CT14 . v CT14 i
K : l'\\lntl‘\ln:[':'iio [8) data * total uncertainty | : l';ln'l\\ln:?rﬁio 8 data * total uncertainty 700 : I'\‘ln'l‘\lllli-lr':'l:io [8) data = total uncertainty —
400 O ATLAS-epwz12 e data + stat. + exp. uncertainty  _| 450+ O ATLAS-epWZ12 e data + stat. + exp. uncertainty —— L O ATLAS-epWz12 e data + stat. + exp. uncertainty
L HERAPDF2.0 e data =+ stat. uncertainty i HERAPDF2.0 e data * stat. uncertainty | HERAPDF2.0 e data = stat. uncertainty
| | | | | 1 | | 1 | | | | | | Il C | | | | | | | | I | ] | | 1 | | | | 1 | | | | 1 | | | | 1
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Quantitative analysis of agreement between measurements and predictions with different PDF sets:

ATLAS-epWZ12 CT14 MMHT14 NNPDF3.0 HERAPDF2.0 ABMI2
x>/NDF | 8.3 /6 15/6 13 /6 17 / 6 10 / 6 25 / 6
p-value | 0.22 0.02  0.05 0.01 0.11 < 0.001
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- . . . Z£%% BERGISCHE
Boosted tt differential cross-section ATLAS #88 tuvecr
EXPERIMENT 7728  WUPPERTAL
Differential cross-sections in: Large-R jet reconstruction
_ = |n| <20
t1 pt2 [ybl t,2
> prtoert s Iyl 1yl pe(et), = Trimming algorithm with R, = 0.2 and f =
> |y(tt)|, m(tt), H(tt) 0.05 to suppress QCD radiation and pile-up
. . . _ effects

» cos 8 (production angle in the Collins-Soper frame) = Top-tagging mass requirement:
= Use N-subjetiness ratio t3; requirement, py

> Ad(ty, to) dependent

> y(tf) = exp 2|y*| with y* = % (yt — yt2) production angle = Top-tagging efficiency is 50 % constant in p;
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Predicted polarisations and spin correlations

ATLA

EXPERIME

BERGISCHE
UNIVERSITAT

WUPPERTAL

Expectation values NLO predictions Observables
Bk 0.0030 £ 0.0010 cos 0%
Bk 0.0034 & 0.0010 cos 0%
B 0.0035 + 0.0004 cos 7
B™ 0.0035 4= 0.0004 cos 0"
B 0.0013 = 0.0010 cos 0",
BT 0.0015 £ 0.0010 cos 0"

C(k, k) 0.318 £ 0.003 cos 0% cos 0%

C(n,n) 0.332 £ 0.002 cos 07 cos 0"

C(r,r) 0.055 £ 0.009 cos 07 cos 07
C(n,k)+ C(k,n) 0.0023 cos 07 cos 0% + cos 6% cos O™
C(n,k) — C(k,n) 0 cos 07 cos 0% — cos 0% cos O™
C(n,r)+ C(r,n) 0.0010 cos 7 cos 07 + cos 07 cos O
C(n,r) —C(r,n) 0 cos 0" cos . — cos 0 cos O™
C(r,k)+ C(k,r) —0.226 £ 0.004  cos 0" cos 0% + cos 6 cos O
C(r,k) — C(k,r) 0 cos 07 cos 08 — cos 0% cos 0"

09/03/2017 Wolfgang Wagner

Top-quark production and properties



BERGISCHE
UNIVERSITAT
WUPPERTAL

Angular asymmetries in single top-quark production ATLANST =

EXPERIME

Asymmetry Angular observable  Polarisation observable = SM prediction

AL, cos b sa¢P 0.45
Al cos By cos b, 2P (FR + FL) 0.10
AFB cos 6; 3(S3) =2 (Fr - FL) -0.23
AEC Ccos &, % \/g(To) = % (1 = 3F)) -0.20
Al cos 67 2(S1) 0.34
N 3
ARy COS 9’2’ -2(82) 0
Agg Cos 65 cos ¢, —%(A D -0.14
Agg’ COs 6, cos ¢, %(Az) 0
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