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http://atlas.cern/updates/physics-briefing/evidence-three-massive-vector-boson-production
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-22/
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Top-quark mass

4 UNIVERSITAT
Direct top-quark mass measurements at hadron colliders
* based on reconstruction of decay products
* using simulation in the fit to extract the mass
* interpreted as the pole mass

m|toole + Atot
[ @
uoyYs=1.
Interpretation uncertainty ~ 0.5-1 GeV D0 s 15=1.96 Tev . 1728 +34 Gov
° CMS o' | NNPDF3.0, Vs=7+8 TeV
® due to n0n-perturbatlve e'ffECtS JHEch‘IBn;SOM) 029 T e 1738 * -l Gev
* controversially discussed Ol oy 152 13 TV . 1706 +27 Gev
G. Corcella, 1903.06574, A. Juste et al., EPJC 74 (2014) 3119, CMS off., Vs=13 TeV - 705 +08 Gay
M. Buttenschon et al., PRL 117 (2016) 232001, P. Nason, 1712.02796, arXiv:1904.05237 T -08
S. Moch et al., 1405.4781, A.H.Hoang et al., 1412.3649 ATLAS off . ys=8 TeV -
EPJC 77 (2017) 804 — 1732 7 1 2 GeV
ATLAS o , Vs=7+48 TeV . 709 +25 oy
o EPJC 74 (2014) 3109 7 _06
Alternative top-quark mass measurements | ..
. . . . . . JHEP 10 (2d'0ﬂ1'5),121 — 173.7 fi? GeV
* from cross section, differential distributions

| | | | |
150 160 170 180 190
mtpo'e[GeV]

:
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* new result (here): tt+1 jet




Top-quark mass in tt + 1 jet

L

4 UNIVERSITAT
Observable considered is: ps = 2mg/m;711 et

°* Mo = 170 GeV constant

® Mti+jet iINVAriant mass

* presence of one extra jet increases sensitivity to top-quark mass

1 da_tf 1-jet

Thenuse R(m**, ps) = —
Ott+1-jet dps

Previous result (ATLAS)
* dm¢ = 2.3 GeV using 7 TeV data, JHEP 10 (2015) 121

z .
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Simulation and event selection

-4

tt nominal samples L
@ - ¢ Data _
* Powheg-hvq (NLO) + CT10 + Pythia 6 g 000l ATEAS O S ngle top
o hdarmo = My % [ \s=8TeV,20.2fb" Zese -
amp *qc'; 500 B Multijet _—
L|>J E : ] UncertalntyE
tt alternative samples 000 * E
* MC@NLO+Herwig, Powheg+Herwig 1500 —Lh E
e variations of hdamp, UR, UF 1000 — : ’ —
s00— Ly =
¢ + 25 jets selection S s e SO
* event compatible with single lepton tt ¢ AT T S o OO
* extrajet pr > 50 GeV ot i e
| IO PO U O SO T OO U U PO U O U P TP T OO _
° purity 94_95% 0-60 T R
extra-jet p_ [GeV]
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Differential distributions

Events / 0.05

Data / MC

Normalised differential cross section

e as a function of ps
* insensitive to incorrect pairings of W boson and b-jets
* unfolded to particle or parton level

Detector Ievel Particle level

Parton Ievel
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S N I e O B B B [T T T 15 2 4 T T ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! 4""

e Data (I+jets)

ATLAS O Data (e+jets)

Vs =8 TeV, 20.2 fb’ & T e
S = ev, . o tt POWHEG+PYTHIA6

m,=172.5 GeV
[[] Stat+syst uncertainty

it
8 Single top
W+jets

1/0ﬁj'd0ﬁj/dp

Z+jets
B Multijet

1 Uncertainty Particle level

*
IIIIIII|IIII|IIII|IIII|IIII|IIII|III
IIIIII|IIII|IIII[\|)IIII|IIII|IIII|IIII

N
IIIIII|IIII|IIII|IIIITIIII|IIII|IIII
| _iEL__I—
| _[>_§FI—

ATLAS [ Stat+syst uncertainty
\s =8 TeV, 20.2 fb™ ti+1jet @ NLO+PS :

Partonlevel =eea-. ®=175.0 GeV

. Data

————— L °=165.0 GeV

....... _— m}J ®=171.1 GeV (best fit) _—
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Re S u I t arXiv:1905.02302
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| tot
Mass scheme mf()le [GeV]  my(m;) [GeV] ATLAS m = AT
DO off , Vs=1.96 TeV
incl.’ +34
Value 171.1 162.9 PRD 94, 092004 (2016) ¢ 172.8 "5, GeV
Statistical uncertainty 0.4 0.5 _
CMS o ,NNPDF3.0, Vs=7+8 TeV 17
Simulation uncertainties JHEP 08 (2016) 029 ° 1738 7 ;g GeV
Shower and hadronisation 0.4 0.3 NS of . o= 13 TeV
: Oinet.r 185 € +2.7
Colour r.econnectlon 0.4 0.4 JHEP 09.(3017) 051 e 1706 * 27 GeV
Underlying event 0.3 0.2 ]
Signal Monte Carlo generator 0.2 0.2 CMS .., Vs=13 TeV £ 0.8
. -o- 170.5 GeV
Proton PDF 02 0.2 arXiv:1904.05237 -0.8
Initial- and final-state radiation 0.2 0.2 ATLAS off , {s=8TeV 16
Monte Carlo statistics 0.2 0.2 EPJC 77 (2017) 804 y 1732 ~ g GeV
Background <0.1 <0.1 ,

& o ATLAS of , Vs=7+8 TeV +2.5
Detector response uncertainties EPJC 74 (2"5:]-4) 3700 O 1729 7 58 GeV
Jet energy scale (including b-jets) 0.4 0.4 o

: ATLAS o, %, Vs=7 TeV
J et. eI.lergy resolution 0.2 0.2 JHEP 101 2d|0ff].5) e o 1737 * g:;, GeV
Missing transverse momentum 0.1 0.1 '
b-tagging efficiency and mistag 0.1 0.1 ATLAS o't ys=g8 TeV
. . . dif. —o— 171.1 * 1.2 Gev
Jet reconstruction efficiency <0.1 <0.1 this analysis - 1.1
Lepton <0.1 <0.1

Method uncertainties

| | | | |
Unfolding modelling 0.2 0.2 150 160 170 180 190

Fit parameterisation 0.2 0.2 ole
Total experimental systematic 0.9 1.0 mf [G eV]
Scale variations (+0.6,-0.2) (+2.1,-1.2) 1
Theory PDF@a, 0.2 0.4 my - = 171.1 + 0.4 (stat) + 0.9 (syst) +8g (theo) GeV
Total theory uncertainty (+0.7, -0.3) (+2.1, -1.2) — .
Total uncertainty (+1.2, -1.1) (+2.3,-1.6) ny, (mt) = 162.9+0.5 (stat) +1.0 (SYSt) i%% (thCO) GeV
E .
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Comparison direct vs indirect cur Phys. . C79.(2019) 290 W

-4
T . ATLAS m{)ole LAl
Compatibility evaluations ATLAS DO of . V=196 TeV i
My, * stat. = syst. (total) PRD 94, 092004 (2016) ° 1728 "3, GeV
m{. e+ 173.20 + 0.46 = 0.76 (0.89 = 0.04) CMS o, NNPDF3.0, Vs=7+8 TeV 17
JHEP 08 (2016) 029 — 1738 7 yg GeV
M HoH 172.68 = 0.26 + 0.48 (0.54 = 0.04) cMS of | Vs=13TeV o7
JHEP 09 (2017) 051 ° 1706 757 Gev
Mgt S 172.98 + 0.39 = 0.74 (0.84 = 0.04)| | cms o , Vs=13Tev o8
arXiv:1904.05237 -~ 1705 ~ g GeV
ml;jsts H-o-+H 172.13 £ 0.37 = 0.61 (0.71 = 0.04) ATLAS off_, Vs=8TeVv 16
EPJC 77 (2017) 804 y 173.2 " 4'g GeV
Mg 'H-e-H 174.08 + 0.56 = 0.80 (0.98 = 0.05)| | ATLAS of , {5=748TeV oe
EPJC 74 (2014) 3109 ° 172.9 5% GeV
ATLAS (2018) HéH 172.69 + 0.25 = 0.41 (0.48 = 0.03)| | ATLAS o' {5=7Tev s
! JHEP 10 (2015) 121 ° 173.7 ~ 577 GeV
----- ATLAS Combination Eatjet =
stat. uncertainty — stat. uncertainty QZLLQZWZ""”'  Ye=BTeV —o— 171.1 +12 Gev
total uncertainty 5 —— total uncertainty |
| | l l l l | l | & l | l l | | | | | | | | | | | | | | | |
165 170 175 180 185 150 160 170 180 190
m. . [GeV]
t
op m{)o'e[GeV]
» Latest ATLAS combination, October 2018
ATLAS "o . ~*
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https://doi.org/10.1140/epjc/s10052-019-6757-9

tt spin correlations

4 UNIVERSITAT

Signature A0 S
ata ATLAS
* 2 isolated OS e/y, 2 2 jets (2 1 or 2 2 b-jets) o

35— Powheg Pythia8 tt

— ythia8 tt _

[ .. aMC@NLO Pythiagti  \s=13 TeV, 36.1 fb”

----- Powheg Herwig7/ tt : .

Single top Inclusive selection

-ake lepton e —

Othertop e
Diboson : |

B Drell-Yan (t7) RLLLLILL

B Stat. error

Stat. @ syst. error

30

Events /0.1

Previous measurements

* ATLAS and CMS show slightly stronger spin 25
correlations in A than expected, still
compatible with Standard Model

* Here: 13 TeV, 36.1 fb-'data 15

20

Selections 10
* inclusive (2 1b) 5
» tt-reconstructed (2 2b), incl. v-weighting

Extraction
* differential in m¢, parton and particle level

Pred. / Data

0 010203040506070809 1
Detector-level Ao(I",l)/x [rad/=]

: .
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tt spin correlations

arXiv:1903.07570

Signature o
* 2isolated OS e/y, 2 2 jets (210or 22 b-jets) S .,
Previous measurements 2

* ATLAS and CMS show slightly stronger spin
correlations in A than expected, still &0
compatible with Standard Model

15
* Here: 13 TeV, 36.1 fb-'data
o 10
Selections
* inclusive (2 1b) >

» tt-reconstructed (2 2b), incl. v-weighting

4 UNIVERSITAT

— ATLAS o Data ovthiag 1 -
) owheg Pythias tt -
\'s=13TeV,36.1 fb" ... aMC@NLO Pythiag ti—
Inclusi lection Powheg Herwig7 tt
Bl Fake lepton

Other top

Diboson
B Drell-Yan (tr)
B Stat. error

Stat. @ syst. error

-FE 1 .1_ ................................................. =
e ®
Extraction a
» differential in my, parton and particlelevel @ 0 05 1 15 2 25 3 35 4 45 5
al i}
Detector-level An(IF,])
¥ "
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tt spin correlations: parton level
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o — - S I R
Event reconstruction E CATLAS
© — —1 :
» want to test mi«i dependence = e ve=13Tev g1t
 parton-level to full phase space S
- _
Systematic uncertainties - Lo pobs |
« dominated by modelling o )
¢ Data 0 e Sherpa
* NLO ME generator I — Powheg Pythia8 === Powheg Pythia6  _
0 parton shower 08 Powheg Herwig7 PowPy8 rad. down _
| === MG5.aMC@NLO Pythia8 _
* ISR/FSR S R T R B
1 05 EE Stat. 1
2|
9| 1.00
i 0 T -
RN K1) o | | | -
0.2 0.4 0.6 0.8
z Parton-level Ad(I*,17)/m [rad/m]
&I!ﬂﬁNST [ M. Cristinziani | Top properties | LHCP 2019 Puebla | 22-May-2019 | 9/14



tt spin correlations: parton level

A

Event reconstruction

* want to test mi dependence
 parton-level to full phase space

Systematic uncertainties

* dominated by modelling
* NLO ME generator

» parton shower

* ISR/FSR

) [1/(unit )]

do
o dAn(l+, -

Theory
Data

0.4

0.2

0.0

0.6

eV, 36.1 b~

—— Powheg Pythia8

4 UNIVERSITAT
| | | | | | I | | | |

¢ Data _

------ Powheg Herwig7 _
—== MG5_aMC@NLO Pythia8 -
........ Sherpa |
----- Powheg Pythiab

PowPy8 rad. down

Parton-level An(/*, [7)

z
ATLAS [ M. Cristinziani | Top properties | LHCP 2019 Puebla | 22-May-2019 |
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tt spin correlations: particle level

Particle-level
* in fiducial “reco-like’” phase space

Systematic uncertainties

* dominated by modelling
* NLO ME generator

* parton shower

* ISR/FSR

[1/(rad/m)]

do
o dAP(I*, IF)/m

Theory

Data

1.50

1.00f
0.75}

0.50}

0.25

1.05
1.00
0.95

_ ATLAS
- /5=13TeV, 36.1 b~
1.25f

4 UNIVERSITAT
| 1 1 1 1 1 1 I 1 | 1 I 1

L

¢ Data
— Powheg Pythia8
------ Powheg Herwig/

=== MG5_aMC@NLO Pythia8
| | I | | | | | | | I | | | I

........ Sherpa
----- Powheg Pythiab
PowPy8 rad. down

[ Stat.

Total

.IIIIIIIIIII.

| |
0.2 0.4 0.6 0.8
Particle-level A¢p(/*, [7)/m[rad/x]

z
ATLAS [ M. Cristinziani | Top properties | LHCP 2019 Puebla | 22-May-2019 |
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tt spin correlations: particle level

L

Particle-level
* in fiducial “reco-like’” phase space

Systematic uncertainties

* dominated by modelling
* NLO ME generator

* parton shower

* ISR/FSR

) [1/(unit n)]

do
o dAn(l+, -

Theory
Data

4 UNIVERSITAT

0.4
0.2

0.0

- ATLAS
- /s=13TeV, 36.1 b1
0.6

Data

Powheg Pythia8
Powheg Herwig7 |
MGS5_aMC@NLO Pythia8 |
Sherpa

Powheg Pythiab
PowPy8 rad. down

Particle-level An(/*, ™)

z
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tt spin correlations: binned in m

L
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— e 1 — T T T ] — T T
E | ATLAS mi<450Gev | £ 4L ATLAS 450 < m,; < 550 GeV
i) 1.2 /s=13TeV, 36.1fb" — g " /§=13TeV, 36.1fb~"
- - : =, 1.2 -
S S D ottty el
P P
| | _
S |L S|« 1.0} _
<= =
< <
b b O 8 i —
—|b - —— Powheg Pythia8 1 +Ib T
0.8 ===--- Powheg Herwig7 — ] ]
| === MG5_aMC@NLO Pythia8 i 06 ¢ Data 0000 e Sherpa _
REELELEEEE Sherpa ] - — Powheg Pythia8 = =w=:= Powheg Pythiab -
| e Powheg Pythia6 | | e Powheg Herwig7 PowPy8 rad. down |
06 PowPy8 rad. down | 04F === MG5_.aMC@NLO Pythia8 —
- AR R R SRS R AR R R S R
10 — T T
%’ © gs © 1.05
218 218 1.00
— —
' 0.95 R ‘
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
Parton-level A¢p(/*, I7)/m[rad/n] Parton-level A¢(/*, [7)/m[rad/n]
ATLAS "y cristingiani |7 ties | LHCP 2019 Puebla | 22-M J14
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tt spin correlations: binned in m

Theory

Data

2.00

1.75

1.50

1.25

1.00f

0.75}

ATLAS

EXPERIMENT

R
_ ATLAS
- /s=13TeV, 36.1 fb~
¢ Data _
- —— Powheg Pythia8 ]
_ Powheg Herwig7
=== MG5_aMC@NLO Pythia8
L erenen Sherpa
Powheg Pythia6
PowPy8 rad. down

— T T T ]
550 < m;; < 800 GeV —

Total _

o P ] ey P

|
0.4 0.6

0.8
Parton-level A¢p(/*, I7)/m[rad/n]

Theory

Data

2.25

1.75

1.50

.25}
1.00}

0.75 ==

1.05
1.00
0.95

4 UNIVERSITAT

L

- ATLAS
- /s=13TeV, 36.1 b~
2.00f ve

. —— Powheg Pythia8

r === MG5_aMC@NLO Pythia8

R D D
m,; > 800 GeV -

¢ Data

Powheg Herwig7
........ Sherpa __
Powheg Pythiab |

PowPy8 rad. down

|
0.4 0.6 0.8

0.2 .
Parton-level A¢(/*, [7)/m[rad/n]
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tt spin correlations

~{
O FraCtlon Of SM_IIke Spln correlatlon Region fam £ (stat.,syst.,theory) Significance (excl. theory uncertainties)

C Inclusi 1.249 £ 0.024 £+ 0.061 = 0.040 3.2 39

= fsM - Xspin, i T (1= fsm) - Anospin, i my; < 450 GeV 1.12 4 0.04 7912 4 0,02 0.86 (0.87)

. . . . 450 < my; < 550 GeV 1.18 £ 0.08 1013 £0.08 0 (1.1)

® usmg inclusive and mt{-,-bll"IHEd samples 550 < myy < 800 GeV 1,65+ 0.19 F931 £0.22 3 (1.4)

m,; > 800 GeV 22409 772407 0.58 (0.61)
Cross CheCkS 1.3IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII
- ATLAS Inclusive -

* H1: LO decay of the top quarks in the nominal

hypothesis templates is not a limitation
(MCFM check, decay at full NLO)

* H2: NWA in the templates is not a limiting

factor and does not explain the observed

deviation (bbgl tt+tW)

* H3: NNLO in production consistent with scale
uncertainties (pr(t) reweighting to fixed-order
calculations and to data; NNLO fixed-order).

H3: A. Behring, M. Czakon, A. Mitov, A. S. Papanastasiou and R. Poncelet, arXiv: 1901.05407 [hep-ph]

12__ s=13 TeV, 36.1 fb-1

¢ Data
—— Powheg+Pythia8
—— NLO QCD+EW (M —mt)
Y MCFM . -
—— NNLO

0.9

t

08IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
"0 010203040506 070809 -

Parton level Ap(I",I)/x [rad/x]

z
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tt spin correlations /

4
More cross-checks
?é 1.08_I T | L1 | T | 0T T | 0T | L1 | T L1 T I_
* H4: ur= pr = me with NLO expansioninQCD £ | Inclusive ATLAS -
and weak leading to (if used as template) a 's=13TeV 361 fo -
fsm = 1.03 + 0.13 (scale) & 1.04-g—9— -
- -
= - -
Ha: g 102 | —
W. Bernreuther, D. Heisler and Z.-G. Si, JHEP 12 (2015) 026 e " : : j
W. Bernreuther and Z.-G. Si, Nucl. Phys. B 837 (2010) 90, +— . : 2
W. Bernreuther and Z.-G. Si, Phys. Lett. B 725 (2013) 115, Erratum: Phys. Lett.B744 (2015) 413 -_,C:,) Ui D T e ol b -——-EE::-:".M.-MJJ
I% ¢ Data S
0.98 — Powheg+Pythia8 ? . ”
Summary - PP8 scale up/down S j
. : . 0.96f —— NLO QCD+EW (u__=m,) =
* spin correlations higher than NLO generators " NLO QCD+EW scale up/down i
. i - -.ei- MCFM
» agree with NLO expanded in QCD and EW 0.94F ___ NNLO \
couplings, with large uncertainties 0 ooliiis INLO scale up/down, || |,y
* increases slightly as a function of my, but 0 010203040506 070809 1
no bin with significance more than 1.30 Parton level A¢(I*,)/x [rad/x]
z\ .
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ATLAS top properties summary e
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Intrinsic . Production : Decay
- O T
= - . .
E 18 Theory : T .
8 - Vs=7TeV : 3.4 +2.4 .
Q. 46l 2.05 - 4.7 fb! : .
= ‘ Vs=8TeV . .
@ - 4.59 - 20.3 fb"! : :
< 1.4 Vs=13TeV : .
' — 3.2 fb! : .
-g 1.2 A, o — :
© u " . A
: = 1 - -
0.8— : A
0.6 — : :
0.4 — . : :
-  ATLAS Preliminary . .
0.2  Status October 2018 Charge
. — . asymmetry . Wtb vertex
o C o
Q, m, Iy o Spin A . V!
" Correlation '
5 -
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