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Why Study Top Quark Properties?

® Heaviest fundamental particle discovered so far & m; = 173.34 £ 0.76 GeV  [arxiv:1403.4427]
® Extremely short lifetime — a unique opportunity to study a bare quark
® Strong coupling to Higgs — special role in the Standard Model

® A window to new physics?
® High production rate at the LHC — precision measurements and detailed studies of properties

rare decays b

charge asymmetry
spin correlation _

-
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Charge Asymmetry

Where charge asymmetry comes from?

o @LO: Top quark and Top anti-quark are symmetric
® @NLO and higher orders correction: Top pair production via ¢¢ annihilation
mainly causes an asymmetry in Top quark and Top anti-quark rapidity by the

interference of ISR with FSR and Born with box diagram
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Charge Asymmetry

© pp collisions @Tevatron ® pp collisions @LHC

o Direction of incoming quark almost always coincides =~ @ Valence quarks carry on average larger fraction of

with that of proton the proton momentum than the sea quarks
® Allows to define a direct Ars measurement ® Top quarks (anti-quarks) are more forward (central)
® SM: 8 -9% o SM: ~1%
o q7 —tt ~80% ® 97—~ tt ~20% @ 8 TeV

Arp — N(Ay >0) — N(Ay <0) A — N(Aly| >0) — N(Aly| <0)
N(Ay > 0) + N(Ay < 0) 7 N(Aly| > 0) + N(AJy| < 0)
where: Ay =y — y; where:  Aly| = |y:| — |y
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,,,,, Charge Asymmetry

Ac measurement in single lepton channel @8 TeV

® Data sample enriched in top-quark pairs selected:
@ =4 jets, 1 high pr lepton and Et(Miss)

B

Events are reconstructed via kinematic likelihood fit | Eur.ﬂ Phys. VJ. C761 ) 8
Alyl unfolded to parton level via Fully Bayesian unfolding algorithm —
Data statistics is the limiting factor

Dominant source of uncertainty: ¢ modeling

Most significant deviation w.r.t. SM observed in m,; > 900 GeV interval, reaching ~1c

® Inclusive result: Ac =0.009+0.005, SMnro: Ac =0.0111+0.0004

D © 6 0 O

© Differential measurement w.r.t. Top pair system mass, transverse momentum

and longitudinal boost 3z compatible with SM

@)

< < &) ‘ ‘ ‘
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Charge Asymmetry

Impact on Beyond Standard Model physics

0_08 I I I T | :I ;I I I I I I I I I I I I I I I I
| ® BSM models:
0.06 >
I @ W'boson
0.04 , — @ heavy axigluon (Gp)
O ¢ | @ scalar iso-doublet ()
< 0.02 -
: ATLAS | _
"""""""""""""""""""""" 7 @ colour-triple scalar (w?#)
e NN\ s @ colour-sextet scalar (Q4)
Models f ] ® Limi '
0,00 2 e o 13 ] Limits set to the parameters (i.e. masses and
. L0 JHEP 1109, 097 | . . .
71 775N SN N R B couplings) describing various BSM models

o

0.1 0.2 0.3 0.4 0.5

AFB
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Charge Asymmetry in Boosted Top

Ac measurement in lep.+jets channel @8 TeV in boosted topology Bhvei L% ‘ 'B(2016) 1
| ysics Letters s
Vol. 756, pp. 52-71

Hadronic Top quark decay reconstructed as a single large radius jet i

Offers more precise reconstruction of m,z for highly boosted Top quarks

Provides accurate Ac measurement for ¢t invariant mass in TeV range

Large-radius jet: R=1.0 and pt > 300GeV and well separated from small-radius

jet and the lepton

Alyl unfolded to parton level via Fully Bayesian unfolding algorithm

Differential measurement w.r.t. top pair system mass

® Most significant deviation w.r.t. SM observed in m;; = 0.9-1.3 TeV interval,
reaching 1.6c

o Data statistics is the limiting factor

> © &2 9

D

D

5 5 — - (@] 03 T |
® Dominant source of uncertainty: ¢ modeling < 3 data ATLAS 8TeV, 20.3 fo"
— NLO
0.2 -
_ 0.1 _ 1 4
® In fiducial space m;; > 0.75 TeV and —2 < Aly| <2 : I 1
® Ac=(4.2 £3.2)%, less than 16 from SM prediction of 1.60 = 0.04% o- 1 .
o Differential measurement: B
0.1 -
m,- interval >075TeV 0.75-09TeV 09— 13TeV > 1.3 TeV E 1
Measurement (4.2 +32)%  (22+73)% (8.6 +4.4)% §(-2.9+ 15.0) % | 0.2 | |

>0.75 0.75-09 09-13 >13
m,; interval [TeV]

SM prediction (1.60 £ 0.04)% (1.42 +£0.04)% (1.75 £ 0.05)% L(2'55 + 0.18)%
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Charge Asymmetry in Boosted Top

""""

Achievements and Impact on BSM physics

© Provide a constraint on extensions of the SM

® Disfavouring the t-channel W’ boson model in the highest m;; bin
® Complementary to previous ATLAS measurement

® Extended the reach of previous ATLAS and CMS measurements to beyond 1 TeV

O_2||| T T T T T T LA L L
i 1 04:_ % et sl oeet 94 _:
— 0.5 . —~o03f s 5
% : : > :W/ §§2§: z - .
= o B SN -
O I | - 0.2 §:§ -
N 0.1 = ™ T R 3
o i il N -
A AI-I—‘ 0'1 < \f::,
£ 005 £ N <4
O O ‘
< < 8
\ ATLAS 8TeV, 20 b
0 ATLAS 8TeV, 20 b -0.1 - Tevatron: PRD87/092002; PRD84/1120
Tevatron: PRD87/092002; PRD84/112005 LS
Models: PRD 84/115013; JHEP 11001097 05 VD;Y_%—Q\_\W-.
0 0.1 0.3 0.3 0.4 0.5 0 0.1 O.g 0.3 0.4 0.5
A (PP, 1.96 TeV) A (PP, 1.96 TeV)
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FCNC in Top Decay
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Flavour changing neutral current decay

© Forbidden at tree level in SM

© Heavily suppressed at higher orders via GIM suppression

® BSM can enhance FCNC up to ~ 104

® Has not been observed yet, but potentially can indicate new physics if observed
o “Data statistic” is the limiting factor. Run Il with larger tt cross section and

integrated luminosity will soon improve the current limits

Top quark in SM

[K. Agashe et al., arXiv:1311.2028]

s.d.b uc Process  SM  2HDM(FV) 2HDM(FC) MSSM RPV RS
t—Zu 7Tx107Y7 x —~ <1077 <1076 —~
t—>Zc 1x10714 <10°° <1071 <1077 <107%® <107°

t Q¢ t—gu 4x1071% —~ —~ <1077 <1076 —~
W t—gc 5x10712 <104 <108 <1077 <1076 <1010
t—yu 4x10716 = = <107® <107° =

§ 7 t—~yc Hx1071 <1077 <107 <107® <107 <107°

‘ t—hu 2x10717  6x 1076 — <1075 <10°° —
t—he 3x1071% 2x10°3 <1075 <107 <107 <107
GIM
BR~ 100% BR~ 10-13 - 10-14
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&

;f

t
) - u/c
® Top quarksM decays via leptonic channel H == ]
® Top quarkFCNC decays via H — bb Lite = _\% c (n({;PL + nngR) t H-+ H.c.

® =4 jets, =2 b-tagged, 1 high pr lepton

% 10°L ATLAS _e— Data
| | G _F \s=8TeV,203 10" L WoHa (BRo1)
® Categorised in 9 channels: 107 presit ) frightiets
10° I tt+bb
. . e iV
@ jets(4,5, =6), b-tagged jets (2, 3, =4 ) 10° —on-i
= 7/ Total Bkg unc.
o e
® Binned likelihood fit on sig-bkg discriminant (D), in all channels A
E R B L
® Dominant systematic unc.: tt +jets modeling and b-tagging oe___ A ————
o __ 4=

| Process SM 2HDM(FV) 2HDM(FC)

2 125F " e
Lo b 2o 107 T L 5 o000
© . E
| t—hc 3x10°" <10~° <10° < O st s s s s

[1]: Nucl.Phys.B821:215--227,2009
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FCNC in Top Decay (t — HQq)

7 31

Discrimination of signal from background S [ ATLAS Simuaton T
> o4l o gTev — fWoWb -
® Signal-to-background ratio is very low *5 oF 4i3b o foWbHe
Sig - i
. . .. X ) B i ]
® Sig-bkg discriminant:  D(x)= — P I)gkg -2 t=WoHY
pr(x)+pT(x) s 5 1
® pSig(x) and pBk9(x) are probability density functions for a given 8 °h -
. . 0.06— e
event under signal and background hypothesis : !
0.04F=2 L]
® X represents the four-momentum vectors of all final-state - -
0.02— —
particles at the reco. level + b-tagging info L
0O 01 02 03 04 05 06 07 08 09 1
D
8 1400__ S ata To) — e e e e
2 B :ASZIE;ATev, 20.3 b :t[i)%t,WbHC (BR = 1%) g 1400: ATLAS p —’—EatstH BR < 0.179% g 0.35_—A'l|'LASI Simlulatioln | | | | —
2 1200l ° — lilghtiets 5 jpogl |58 TEV,2031 - o (BR = 0.17%) © T T WbWb .
L%) i ij’s-b Etf+b5 @ - 4},3b [ t+cc ; - s=8TeV — tt— .
1000~ re-fit [tV o B - I tt+bb <03 _ —
- — 1000l Post-it o iV S C 4j,4Db ---- tt>WbHc ]
- :Ngg—tt unc . -tl\tlgn—tf > L ]
800 /77, Total Bieg unc. 800:— ‘///:/,’ Total unc. ‘s 0-25:_ ------- tt—WbHu _:
c - i
600/ 2 o02F -
B % — ]
400~ L o.15; —f
2 125: o O . o P ]
2 W 74 ,W e 1.25F C - -
§ 0-7;W /%/ 0\(; 1%’7'***#%%*%%*&7%% 0-055 ________ e S E. ) E
085702 03 04 05 06 07 08 09 1 & 0'072? e T R PO AT RN T S
D 0 0.1 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 D1
D
pre-fit post-fit See backup for more plots
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\s=7TeV,451b" BR(t—Hu) =0 e Total Stat.
® Observed (expected) 95% CL limits set: ls=8TeV, 203" Toul - Stat. - Syst.
H->WW* T | 0.27 +0.27 (+0.18 £ 0.21) %
® BR(t—Hc) <5.6 x 103 (4.2x 103) = IAcul <0.14(0.12) |, C msemisamsane
® BR(t—Hu) <6.1 x 103 (6.4 x 103) = IAwnl <0.15 (0.15) Wt = 0174021 (£0.120.17) %
Combined % E I { 0.22 +0.14 ( £ 0.10 £ 0.10) %
@ Where AH is non-flavour-diagonal Yukawa coupling T S R R R

0.2 0 0.2 04 0.6 0.8 1 1.2
BR(t—Hc) [%]

in Lrone = )\tCHZ?HC + )\tquH’LL + h.c.

L L B L L L L L L EL L L B B
ATLAS
\s=7TeV,45fo" BR(t—Hc) = 0 i Total Stat.
\s=8TeV, 20.3 fo! Total Stat. Syst.
® Combination with other results: HoWWe, 2 = . | 0235028 (0184021 %
_ H-yy { 0.23+0.28 (+0.27£0.10) %
@ tt - WbHq , H — ~yy : [JHEP06(2014)008] :
H—bb | o | -0.07+0.33 (£0.17 £0.28) %
@ tt > WbHq , H— WHTW ™ | 7777 |Phys. Let. B749 (2015)519-541] | combied  =pt—e— . 016 016 (s0n11012)%
PR T SR T SR T T SN TR ST SN NN T ST TR NN SR SR SR NN SHN T S ST T SR S N SR S S N S S
-0.6 0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
® BR(t—Hc)<4.6 x 103 (2.5 x 103 = I|AtcHl <0.13 (0.10) BR(t—>Hu) [%]

® BR(t—Hc) < 4.5 x 103 (2.9 x 10-3) = Ilwhl <0.13 (0.10)

v'¢ No significant excess of events above the The Most restrictive direct bounds on

backgrounds expectations found tqH(g=u,c) interactions measured so far
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i; Eur Phys J C76 (2016) 12ﬁ

Search for FCNC Top quark decays t - qZ @8 TeV

® Top quarksM decays via leptonic channel )t u/c
® Top quarkFCNC decays via Z— 24 Z
: . Lrte = — XLp, + XBpPr)t Z
® 3isolated high pr leptons “! py— 7" (XeiPr+ R)t 2y
g _io'qy
® =2 jets, 1-2 b-tagged and Er(Miss) = 307 ¢ 1, (FePL + raPr)t Zy +He. [2]
() ReCOnStrUCtIOH Vla X2 method %) 14_ L L L I B Y L B
( )2 ( )2 ( )2 § . ATLAS ® data i
mee, —m meeL —m me° —m L - tt— bWqZ signal |
2 Jalalb fFCNC Jolev Ism TR w 12 1 |
= + o \s=8TeV, 20.3 fb |
O-tzFCNC O-?SM O-%V - w2 7]
B other 3i -
® Reconstruction quality cut (y2<6) 10 v ]

fake leptons

stat. uncertainty —

.
® Upper limit on BR (t = gZ) at 95% CL is set:
@ Observed: 7 x 104

@ Expected: 8 x 10-4

N ] T T | T 1 | T

e~ —

| Process  SM  2HDM(FV) 2HDM(FC) MSSM RPV RS |

t—Zu 7x107V - - <1077 <107 -
| t—=Zc 1x107" <107°  <107Y

0 20 40 60 80 100 120

[2]: Nucl.Phys.B812:181--204,2009 v2
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FCNC in Top Decay

I 731

- o~ 1: TTTTIT T T TTTTIT T T TTTTIT T T T T T IIIIIIIl T T TTT H
Conclusion S F o5%CL.

;I./ - EXCLUDED -

g 1071 = LEP REGIONS —

E CDF (qy=cy only) N E

® No evidence of FCNC in top decays is found C oo \ ]
1072 =

- s Hl 7

® Almost sensitivity to exclude t—Hc in 2HDM(FV) A “lepEm g
1073 E-ATLAS -

® More statistics is needed : M
1074 . ZEUS =

E ~ (qr=uyonly) 3

. . . H 105k ]
single top-quark production via FCNC @8TeV in ATLAS: - -

_IIIIIII | IIIIIII| | IIIIIII| 111 II.III| | IIIIIII| | [IIIIIT

BR(t_’gU) <4 x 10 and BR(t_’gC) <20 x 10> 4 107° 107 1078 1072 107 1

[Eur. Phys. J. C (2016) 76:55] J BR({t— av)

- - - - - - - ’N\ 1EIIIIIII T T TTTTIT T T TTTTIT T T TTTTIT T IIIIIIII T IIIIH—EI—

? E ZEUS =

510-1 :_ LEP _:

Process SM 2HDM(FV)/ 2HDM(FC) MSSM  RPV RS B Ecor 1
Tt Zu Tx100Y - - <1070 - o2l ]
t—=Zc 1x107*  <10°°
—14 - _

t—gu 4x10 10~ DT ]
t—gc 5Hx10712 - s |
t—yu 4x10716 10_4:_ ]
t—>ye H5x107% <
NG T S A AT - 95%CL.
(t—hu 2x10 6 x 10 . EXCLUDED |
| s 4 107 REGIONS 3
\t—he 3x107° 2x10 - -
— _IIIIIII | IIIIIII| | IIIIIII| | IIIIII| | IIIIIII| | [IIIIIT

10°  10* 10° 102 10 1

BR(t— gH)

13 Apr. 2016 Mohammad J. Kareem



. @| T Spin Correlation in Top Decay

® Spin information can be accessed via the angular momentum of the Top quark decay products

® The amount of spin correlation is sensitive to the production mechanism

© Many BSM scenarios predict different spin correlation, e.g. models including axigluons, W’
bosons, extra right handed top-quark coupling, etc.

® Polar angles of leptons in helicity basis:

1 d*N
N doos0.d cos b, = i (1 + B1 cos 01 + By cos 6 — Chelicity€os 0 - cos 92)

/ ¢ N

Top quark polarisation Top anti-quark polarisation Spin correlation
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wﬂ Phys. Rev. D 93, 012002 (2016) E

Polar angles correlation measurement @ 7 TeV

® Events are selected in dilepton topology with two jets

® Distribution of cos6,.cos8, is reconstructed via “topology
reconstruction method”

® Unfolded to parton level via Fully Bayesian unfolding algorithm

® Dominant syst. unc. : Unfolding method, signal modeling and jet reco.

1

® In terms of Aneiicity= (Niike = Nuniike) / (Niike + Nuniike) [*]:
@  Anelicity= 0.315 £ 0.061(stat.) = 0.049 (syst.)
@ NLO QCD prediction: Aneiicity =0.31 [Phys.Rev.Lett. 87 (2001) 242002]

v¢ In good agreement with SM prediction

[*]: Nike (Nunike): # of events where top quark and top anti-quark are parallel (anti-parallel)

13 Apr. 2016 Mohammad J. Kareem
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Spin Correlation in Top Decay

W40~ T~ T Trrrrrrr -
S = ATLAS Data =
o 2200 I:Iﬁ -
1< = (s=7TeV, 461" -
|j>j 2000:— Singletop
1800 B z+jets =
1600 % [l piboson =
1400 ;— B Fake leptons g
1200 —
1000 =
800 —
600;— ——— —;
400;_ ,,,,,,,, _;
200 . —
_I T | 1 | N | L 1 :
s 1.4 -
%g 1%— L . _ W 1 1
a 9 08 t [EEEr eazeyy bbb ity ’[ i
o 06k . . . . . . . . N
-1 -08 -06 -04 -02 0 02 04 06 08 1
cos6 - coso,,
0.5: T I LI I L I 1T LI I LI I 1T I 1T LI T I:
0.45 ATLAS —t— Data =
- [s=7TeV, 4.6 fo — SM spin correl.
0.4 --- No spin correl. ]
0.35[ —
0.3 T SO =
0.25 —
0.2 —
0.15— —
0.1 —
oo5 - [~~~ L= —
O:I_I-'I_I_I 11 I L1 I 111 I L1 1 I L1 1 I 111 I 111 I L1 1 _T 1 :
1 -08 -06 -04 -02 0 02 04 06 08 1

cos6,- coso
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The Top Quark

® Has very special properties

® Can open a window to BSM physics
® Good probe for the Standard Model

Property Measurements @ Run |

® Charge asymmetry measurement: performed in resolved and boosted topology

® FCNC searches in Top quark decay: performed in (t = gZ) and (t = Hq)
® Spin correlation: polar angles correlation measurement in dilepton channel

v¢ No significant deviations, validated the Standard Model with different measurements

® More interesting measurements upcoming. Stay tuned!

Run Il Property measurements @ 13 TeV

® Will soon start a new era of Top quark analyses
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GOTTINGEN Charge Asymmetry - Backup
Ac < 420 420-500 500—600 600—750 750-900 > 900
Data 0.026 + 0.041  —0.005 + 0.020  0.026 + 0.021  0.009 + 0.027 —0.007 &+ 0.046  0.068 =+ 0.044
+0.0003 ‘ 1+0.0003 o 4+0.0003 +0.0005 —+0.0003
SM 0.008170:000  0.0112 4 0.0005  0.011470-9005  0.013470000s  0.0167170-000a  0.021075-0095
. / o), or=+0.0004 +0.0005 —+0.0007 +0.0006
Light BSM  0.0100 £ 0.0004 0.0134 & 0.0006  0.0135%9 0005  0.0155T0:000%  0.018610 0005 0.02351 00008
Heavy BSM  0.0089 + 0.0004 0.0132 4 0.0006  0.014879-0002  0.020179:000¢  0.031070099%  0.07881 00005
Bz,tf
Ac < 0.3 0.3-0.6 0.6-1.0
Data —0.005 4+ 0.034  0.054 £+ 0.038  0.028 + 0.011
—+0.0002 +0.0007
SM 0.0031 & 0.0003  0.0068 TQ:000a  0.0175 9 000%
. ‘ ‘ 511 +0.0007
Light BSM  0.0037 £ 0.0004 0.0075 & 0.0004  0.0211 50007 Source of systematic uncertainty 5 e
Heavy BSM  0.0048 + 0.0004  0.0103 & 0.0004  0.0242 T0-0007 (a) Jet energy scale and resolution 0.0016
Multijet background normalisation 0.0005
(b) Initial-/final-state radiation 0.0009
pr,it [GeV] Monte Carlo sample size 0.0010
Ac < 25 25—-60 > 60 PDF 0.0007
Data 0.044 + 0.088 0.004 + 0.066 0.002 £ 0.062 Statistical uncertainty 0.0044
SM 0.0141 + 0.0007  —0.0051 4+ 0.0003 —0.0026 + 0.0002 Total uncertainty 0.0049
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@ GOTTINGEN Charge Asymmetry - Backup
Preferred 7 t
q q q q
/ /
Suppressed
0 24OX—1'03' ' T T T —] ) >:<1'03' ne | ' ' ' 3
T = ATLAS l+jets - c 180 _—ATLAS ’ l+jets —
o 220 = \s=8TeV, 20.3 fb" —e— Data =3 @9 160F- \1s=8 TeV, 20.3 fb —— tIZ{)atel E
11 2000 b-tags Q>0 Q<0 Waigntjes I -, F 00 Q>0 Q<0 Ewigntjers -
180 7 3 Wesets — 140 Wejets —
160E- / 0 b-tags C— Wbb/cT+iets —= = 0 b-tags C— Whb/cT+jets
— % 2 Z+jets 3 120 3 Z+jets —
140E" Emovosn H 100F- - &= Sngooe 3
1207 O Vot~ S = E Muitiot =
100 /1777 Tot. Unc. = 80 == v//////- Tot. Unc. =
80 1 b-tag > 2 b-tags 7777 1 b-tag >2btags 60 1 b-tag > 2 b-tags 1 b-tag >2btags 3
60 — = =
40E- w3 o F E
20E- = 20E- E
- 0E = ot = -
E12p ) 4 51.02F ' . 3
5 0 81— % W /;///ﬁ/ W / % W/{f// /%/ W — ~ 1;—--mf/---l///gf/f@/ﬁg/ﬁﬁ---4/4////‘4/////5/45/,—-4% ---%@f/#///’///&é--#/g/ﬂ)’#/#/m-—;
8 U.OF | g098g ot
T TR am TETOOEETT R STy
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GOTTINGEN Charge Asymmetry (Boosted) - Backup
ATLAS ¢ Daa | g 2900 ATLAS b Daa |
Vs =8TeV, 20.3 b It 4 42 ' /s=8TeV, 20.3 b Ot j
[ Wi+jets () ' [ Wi+jets <
— 1,2 2000+ . .
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. COk St "l Spin Correlation in Top Decay - Backup

Topology reconstruction method:

® Using kinematic properties of Top quark and Top anti-quark:

Pvx T Pyx = E,Tiss’
Pvy T Pvy = E:Jniss’
(pe- + Pv)2 = m%v—,
(per + pv)2 = m%vh

(pw- + pp)” = m3,

(pw+ + pp)* = m?,

® Using the two highest-ranked (first in b-tagging, then in pr) jets in the algorithm
® The b-2 pari with lower invariant mass is first considered

@ If no solution found, Top quark mass is varied from the nominal value in steps of 1.5 GeV in range of [157.5,
187.5] GeV

@ If still no solution found, the alternative b-2 pair considered and the process repeated

@ If more than a solution found, the one with the minimum neutrinos transverse momentum product is selected

® 70% of signal simulated events and 50% of background events are reconstructed
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GEORG-AUGUST- SITA . . :
. ,‘C- | GéTf_INéLEJNU T-UNIVERSITAT Spln Correlation in T()p DeCay - BaCkup

Bin range -1:-0.75 | -0.75:-05| -0.5:-0.25 | -025:0 [ 0:025 [ 025:05|05:0.7510.75:1

Generator modeling 6.9 32 1.6 0.5 0.8 22 10 0.0

ISR/FSR 20 0.9 0.6 0.3 0.3 1.1 1.0 0.8

PDF 0.5 0.3 0.1 0.0 0.0 02 0.2 00

UE/color reconnection 1.5 1.1 1.0 0.7 0.1 05 0.6 31

JES/jet reconstruction 4.5 30 1.1 0.6 0.9 1.1 1.8 3.1

b-tagging SF 0.0 0.3 0.0 0.1 0.0 0.1 02 00

E%liss 0.5 0.6 04 0.1 0.1 03 02 00

Lepton reconstruction 1.5 0.6 0.1 03 0.1 05 0.6 0.8

Luminosity uncertainty 0.5 0.1 0.0 0.1 0.0 0.1 02 0.0

Background uncertainty 1.5 0.6 04 0.1 0.1 04 0.6 0.8

Bayesian unfolding method 109 0.6 2.3 14 1.0 2.6 0.6 7.8

Total 139 4.9 33 1.8 1.7 39 2.7 93

Top quark mass (=1 GeV) 0.1 0.2 0.1 0.2 0.1 03 0.0 0.6

Bin range Unfolded data MC@NLO prediction
1/o do/d(cos 8y - cos 6,) + stat. + syst. | 1/o do/d(cos b, - cos ;) + stat.

—-1.00 : -0.75 0.0202 + 0.0020 + 0.0028 0.0215 + 0.0005
-0.75 : -0.50 0.0696 + 0.0037 +0.0034 0.0707 + 0.0008
—-0.50 : -0.25 0.1418 +0.0045 + 0.0047 0.1384 +0.0010
-025:0 0.3106 + 0.0062 + 0.0057 0.3079 £ 0.0014
0:0.25 0.2882 + 0.0059 +0.0048 0.2884 +0.0013
0.25 : 0.50 0.1078 + 0.0033 + 0.0042 0.1118 +0.0009
0.50 : 0.75 0.0489 + 0.0024 +£0.0013 0.0484 + 0.0006
0.75 : 1.00 0.0129 + 0.0009 +£0.0012 0.0129 + 0.0003
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