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Introduction >henomenology Template method

Top-quark mass determinations

Experimentally:
o (MC) top quark mass determined from fitting
distributions sensitive to m;

o Final-state reconstruction: challenging in both
£ + jets and dilepton channels
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Top-quark mass determinations
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(a) m as a function of mop i
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Top-quark mass determinations

Experimentally: 8
2
o (MC) top quark mass determined from fitting <
distributions sensitive to m, H
o Final-state reconstruction: challenging in both ~
£ + jets and dilepton channels
o { + jets: 2
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o dilepton: °
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Top-quark mass determinations

Conclusions Backup

Experimentally:

o (MC) top quark mass determined from fitting
distributions sensitive to m;

Normalised events / GeV

o Final-state reconstruction: challenging in both

£ + jets and dilepton channels

o { + jets: 2

pp — WTW™bb — qq'lvebb
o dilepton: §
- - E
pp — W W™ bb — fuelvebb g
é
ATLAS combination (preliminary): i
my = 172.51 4+ 0.27(stat) + 0.42(syst) GeV H
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Top-quark mass determinations

Theoretically: Narrow-width approximation

o On-shell tt NNLO QCD corrections to differential distributions, NLO
EW corrections
[Czakon, Heymes, Mitov '15], [Czakon, Heymes, Mitov, Pagani, Tsinikos, Zaro '17],[Hollik, Pagani '11],

[Kiihn, Scharf, Uwer '13]
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Top-quark mass determinations

Theoretically: Narrow-width approximation

o On-shell tt NNLO QCD corrections to differential distributions, NLO
EW corrections
[Czakon, Heymes, Mitov '15], [Czakon, Heymes, Mitov, Pagani, Tsinikos, Zaro '17],[Hollik, Pagani '11],
[Kiihn, Scharf, Uwer '13]

o Top decay: NNLO+NNLL QCD corrections
[Beneke, Falgari, Klein, Schwinn '11], [Cacciari, Czakon, Mangano, Mitov, Nason '11], [Pecjak, Scott,
Wang, Yang '16], [Ferroglia, Marzani, Pecjak, Yang '13], [Broggio, Papanastasiou, Signer '14], [Kidonakis
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Top-quark mass determinations

Theoretically: Narrow-width approximation

o On-shell tt NNLO QCD corrections to differential distributions, NLO
EW corrections
[Czakon, Heymes, Mitov '15], [Czakon, Heymes, Mitov, Pagani, Tsinikos, Zaro '17],[Hollik, Pagani '11],
[Kiihn, Scharf, Uwer '13]

o Top decay: NNLO+NNLL QCD corrections

[Beneke, Falgari, Klein, Schwinn '11], [Cacciari, Czakon, Mangano, Mitov, Nason '11], [Pecjak, Scott,
Wang, Yang '16], [Ferroglia, Marzani, Pecjak, Yang '13], [Broggio, Papanastasiou, Signer '14], [Kidonakis

'15], [Gao, Papanastasiou '17]
~> Parton-shower matching
o Powheg ttb  NLO _dec [campbell, Elis, Nason, Re "14]
Qo Sherpa tf+3j [Hache, Krauss, Maierhfer, Pozzorini, Schanherr, Siegert '14]

o Herwig NLO tt multi-jet merging

[Bellm, Cormier, Gieseke, Platzer, Reuschle, Richardson et al. '17]
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Top-quark mass determinations

Beyond the NWA: W* W~ bb final-state

o Non-resonant contributions to W* W~ bb
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o Non-resonant contributions to W* W~ bb

o Non-factorisable virtual corrections to tt
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Top-quark mass determinations

Beyond the NWA: W* W~ bb final-state
o Non-resonant contributions to W* W~ bb

o Non-factorisable virtual corrections to tt

o NLO QCD corrections (5FNS)

[Denner, Dittmaier, Kallweit, P ini '10], [Bevil Czakon, van

Hameren '10], [Heinrich, Maier, Nisius, Schlenk, Winter '13], [Denner,

Pellen '17]

o Massive b's [Frederix '13], [Cascioli, Kallweit, Maierh&fer,

Pozzorini '13]

Backup
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Top-quark mass determinations

Beyond the NWA: W* W~ bb final-state
o Non-resonant contributions to W* W~ bb

o Non-factorisable virtual corrections to tt

o NLO QCD corrections (5FNS)

[Denner, Dittmaier, Kallweit, P ini '10], [Bevil Czakon, van

Hameren '10], [Heinrich, Maier, Nisius, Schlenk, Winter '13], [Denner,

Pellen '17]
o Massive b's [Frederix "13], [Cascioli, Kallweit, Maierh&fer,
Pozzorini '13]
~> Parton shower matching
o WFW~bb NLO QCD [Garzell, Kardos, Trocsanyi '14]
o Resonance-aware matching: bbat

[Jezo, Lindert, Nason, Oleari, Pozzorini '16]
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Top-quark mass determinations

Beyond the NWA: W* W~ bb final-state
o Non-resonant contributions to W* W~ bb

o Non-factorisable virtual corrections to tt

o NLO QCD corrections (5FNS)

[Denner, Dittmaier, Kallweit, P ini '10], [Bevil Czakon, van

Hameren '10], [Heinrich, Maier, Nisius, Schlenk, Winter '13], [Denner,

Pellen '17]
o Massive b's [Frederix '13], [Cascioli, Kallweit, Maierh&fer,
Pozzorini '13]
~> Parton shower matching
o WHW~bb NLO QCD (Garzelli, Kardos, Trocsanyi ‘141

o Resonance-aware matching: bbat

[Jezo, Lindert, Nason, Oleari, Pozzorini '16] _
— study importance of off-shell contributions to the dileptonic W W~ bb

final-state in a realistic m; extraction
— NLO/off-shell effects for m; — Ludovic Scyboz
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Levels of theoretical content

o Stages of the theoretical description:

o NLOgu: full (QCD) NLO corrections to pp — W W~ bb
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Levels of theoretical content

o Stages of the theoretical description:

o NLOgu: full (QCD) NLO corrections to pp — W W~ bb
o NLORNGOdec: NLO t7 production ® NLO decay
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Levels of theoretical content

o Stages of the theoretical description:
o NLOgu: full (QCD) NLO corrections to pp — W W~ bb

o NLORNGOdec: NLO t7 production ® NLO decay
o NLOKSYec: NLO tf production ® LO decay
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Levels of theoretical content

o Stages of the theoretical description:

©

NLOgyi: full (QCD) NLO corrections to pp — W+W~bb
NLOROdec: NLO 7 production @ NLO decay

NLOLDdeC: NLO tf production ® LO decay

o NLOps: NLO tt production + shower ® decay via parton showering

©

©
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Setup

0 /s=13TeV

o PDF4LHC15 nlo_ 30 pdfas

o Fastjet anti-kt algorithm with R = 0.4
o EW parameters:

rkt® = 1.4806 GeV rNLO  —  1.3535 QeV,
My = 2.0454 GeV My = 21155 GeV,
Fz = 2.4952GeV
G, = 1.16637-10 % GeV 2
Mw = 80.3850 GeV Mz = 91.1876 GeV

o 5FNS (massless b's)

For the NLOg¢q1, NLOK%?K“, NLOpg calculations:
o Sherpa 2.2.3 interfaced to GoSam OLP
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Setup: scale variations

o Central scale: g = pur = m;
o Scale variations: pg = prp = 0.5my;, ug = prp = 2.0m;

o Shower scale variations:

Scheme Central scale p; Variations &; u;
HEHROG S pE = nr = py°t = me, pg® = pFt | r = &F = €&° = {0.5,1.0,2.0}
q .
nE = pr = pg°0 = e pgS = pF

HFLRIQ tE = pr = p°" = me, up® = pP™* | € =¢r ={0.5,1.0,2.0} and
f@ = {v2,1.0,1/V2}

me, pR° =P | €r =& =¢R° ={05,1.0,2.0}
and £q = {V2,1.0,1/V2}

S d
NFMRNOaf KUF = R = H‘E;O

/off-shell effects for my — vic Scyboz




Introduction Phenomenology Template method Fit results Conclusions Backup

Definition of the observables

Top-quark mass m™“) extracted from fitting 99 (mY1©)

P

o Differential distributions particularly sensitive to m;:

o mi, = (pe+ ps)?
o mx, = minpz_;_1 1 py2 —pmiss [max {mgr (p(.ﬁb)‘,p'.’r‘) ,m> (p(.fib)z, p‘.’rz) }]
o EAR -1 (E?AR(&, bi) + E2AR(L, bz))

o my = (pey + pra)’

where we choose the lepton-b-jet pairing (¢1, b), (=, b') minimizing
My+p + My—ps.

— NLO/off-shell effects for m; — Ludovic Scyboz
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Experimental cuts

The following criteria are required to be fulfilled for our selection:

o Exactly two b-tagged jets with
o pi' > 25 GeV and |**| < 2.5

o Exactly two oppositely charged leptons with

o pif >28 GeV, [n¥| <25
o pT > 28 GeV,|n°| < 2.47 with the exclusion of 1.37 < |n°| < 1.52
o Agr(¥,jets) > 0.4

o ptb > 120 Gev

— NLO/off-shell effects for m; — Ludovic Scyboz
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Top-quark mass sensitivity
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mgp: NWA < full description (normalized)
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mgp: NWA < full description (normalized)

e Kinematic edge ~~ sizeable

]

. _ 8 0018 -
dependence on theoretical description =, Iy
gu.ou — NLOW
Zoom ey
% oo
~ 0.008

Ratio
OO0 00 onme

40 6o 8o 100 120 140 ilﬁo

180 200
myy [GeV]

midse = /mZ — M2, = 152.6 GeV

(my = 172.5 GeV)
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mgp: NWA < full description (normalized)

e Kinematic edge ~~ sizeable

. . . 20.018 —— NLOg
dependence on theoretical description Z oo ey
Foms NG

o NLONSA in good agreement with 37, g "

NLOy¢un in the bulk of the cross-section

Ratio
©900 00 onnn
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180 200
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midse = /mZ — M2, = 152.6 GeV

(my = 172.5 GeV)
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e Kinematic edge ~~ sizeable

—— NLOtun

— NLoNg
o NLORE
— NLOps

dependence on theoretical description

o NLOYEO!®C in good agreement with 3o
NLOgy in the bulk of the cross-section

o NLOKSK® introduces shape differences
of &(20%) up to the kinematic edge

Ratio

B 200
1y [GeV]

midse = /mZ — M2, = 152.6 GeV

(my = 172.5 GeV)
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e Kinematic edge ~~ sizeable

—— NLOtun
—— NLOMge
—— NLOKQdke
—— NLOps

dependence on theoretical description =,

o NLOYEO!®C in good agreement with 3o
NLOsun in the bulk of the cross-section ...

o NLOKSK® introduces shape differences
of &(20%) up to the kinematic edge

Ratio

o NWA always below NLOy,;; above m(4&°

SEG

40 6o 8o 100 120 140 ilﬁo

B 200
1y [GeV]

midse = /mZ — M2, = 152.6 GeV

(my = 172.5 GeV)
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e Kinematic edge ~~ sizeable

dependence on theoretical description

o NLOJWA™

« NLOK

e NWA always below NLOg, above m°d8°

in good agreement with =
NLOgy in the bulk of the cross-section

introduces shape differences
of €(20%) up to the kinematic edge

Ratio

==t

T

—— NLOtun
4, — woas
b NLOGWEK

NLOps

b 774 60 80 100 120 140 ileo

8o 200
iy [GeV]

e NLOpg starts populating the high my; region and reduces the difference
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e Kinematic edge ~~ sizeable

[
. . . Q 0.018 j=m— T
dependence on theoretical description =, F g N
= Fog oy
5 g o o

NLOps

o NLONWA™ in good agreement with ~ +".
NLOgy in the bulk of the cross-section

o NLOKSK® introduces shape differences
of €(20%) up to the kinematic edge

Ratio

d
e NWA always below NLOy,; above m; % ¢ Ll ‘le

8o 200
iy [GeV]

e NLOpg starts populating the high my; region and reduces the difference

~ higher-order corrections to production and decay are
crucial
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Scale dependence: NWA <« full description

LOgun <> NLOgun

dor/dimyy [pb/4GeV]

o NLO corrections to W* W ~bb: shape
differences of €(50%) also at low my

o NLOgy: asymmetric scale variation bands

P P S I I I DE |
40 60 S0 100 120 140 160 180 200
iy [GeV]

1079 =

— NLOIgie
s NLONJOdee
== NLOps

L P S
140 160 180 200
myy [GeV]
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Template method

Fit results

Conclusions

Scale dependence: NWA <« full description

LOgun <> NLOgun

o NLO corrections to W* W ~bb: shape
differences of €(50%) also at low my

o NLOgy: asymmetric scale variation bands

NWA: top-quark decay description
o More radiation softens the bulk spectrum
below the kinematic edge
o NLONwA*:
o NLO corrections / resummation in the top
decay outside of NLOKk® variation bands

asymmetric scale variation bands

dor/dmyy [pb/4GeV]

1073

/off-shell effects for m; —

Backup

4 60 80 100 120

40 160 180 200
iy [GeV.

— NLOIgie
s NLONJOdee
== NLOps

140 160 180 200
myy [GeV]
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LOgun <> NLOgun

dor/dmyy [pb/4GeV]

o NLO corrections to W* W ~bb: shape
differences of €(50%) also at low my

o NLOgy: asymmetric scale variation bands

NWA: top-quark decay description

osEilivilivileileiilei il iler le,,d
o More radiation softens the bulk spectrum o S e e

below the kinematic edge

o NLON3A: asymmetric scale variation bands

do/dmy, [pb/4GeV]

o NLO corrections / resummation in the top
decay outside of NLOKk® variation bands

07 —— NLOQ®
e NLONQIe
=== NLOps

~ quantify the theoretical uncertainty

in emulating a realistic analysis . el
PRI SN N N Ao e |

180 200

160

myy [GeV]
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Template method
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Calibration of the template fit function

. . B = R AR RAR RAR AR RAR=!
o 1. Choose distributions g NLOw, ]
. = L my = 1725GeV
sensitive to the top-quark mass o o sece

5 f = 180.0GeV 1

ovos [ 4

N N T T e ]

§ BT

3 E

S E

40 60 8o 100 120 140 160 180 200
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o 1. Choose distributions s

sensitive to the top-quark mass Ficls

o 2. Generate distributions for b

different input mj™: ooos
mi" € [165.0,172.5,180.0] GeV

EN 3

NLOgu 1
my =1725GevV |
—— m =1650GeV 4

= 180.0GeV 1

/off-shell effects for my —

180 200
iy [GeV]
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Calibration of the template fit function

P e e B B AR s ma

o 1. Choose distributions E

NLOg ]

sensitive to the top-quark mass S o eow ]

. . i 5 —— my = 1800GeV ]

o 2. Generate distributions for oo .
different input mj™: ooos |- E

mi" € [165.0,172.5,180.0] GeV

Ratio

[
S diwe
T
%

o 3. Calibrate the fit function B T T TR

iy [GeV]

— NLO/off-shell effects for m; — Ludovic Scyboz
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Calibration of the template fit function

P e e B B AR s ma

o 1. Choose distributions

5
,U\, NLOg 1
sensitive to the top-quark mass Fcls o eow ]
. . . 5 —— my = 1800GeV ]
o 2. Generate distributions for oo E
different input mj™: ooos |- E

mi" € [165.0,172.5,180.0] GeV

o

Ratio

voow
G g owo

T

% .

. Calibrate the fit function I T TR

iy [GeV]

©
w

Choose appropriate fit functions
Verify, then impose linear dependence of function parameters on m;
Fix the parameters by a simultaneous fit to all distributions

© 0 0 o

Top-quark mass m; left as a floating parameter

— NLO/off-shell effects for m; — Ludovic Scyboz
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Calibration of the template fit function

ol

sensitive to the top-quark mass

o2

different input mj™: ooos - E

mi" € [165.0,172.5,180.0] GeV

03

© 0 0 o

B R e e e B

NLOgu 1
—— my =1725GeV

—— m =165.0GeV 1
—— my=1800GeV ]

. Choose distributions

. Generate distributions for

1/ do/dmyy[1/4GeV]

Ratio

o

;

. Calibrate the fit function B T T TR

e
Choose appropriate fit functions

Verify, then impose linear dependence of function parameters on m;
Fix the parameters by a simultaneous fit to all distributions
Top-quark mass m; left as a floating parameter

~+ "calibration"
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Extraction of the top-quark mass from pseudo-data

o From a given underlying theory prediction, draw a number of events
corresponding to a luminosity of 50 fb™*

— NLO/off-shell effects for m; — Ludovic Scyboz
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Extraction of the top-quark mass from pseudo-data

o From a given underlying theory prediction, draw a number of events
corresponding to a luminosity of 50 fb™*

~ "pseudo-data"
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Extraction of the top-quark mass from pseudo-data

o From a given underlying theory prediction, draw a number of events
corresponding to a luminosity of 50 fb™*

~ "pseudo-data"

o Fit the pseudo-data with the calibration function ~» m2"*
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Extraction of the top-quark mass from pseudo-data

o From a given underlying theory prediction, draw a number of events
corresponding to a luminosity of 50 fb™*

~ "pseudo-data"

o Fit the pseudo-data with the calibration function ~» m2"*

[1312 6059] 4

P r 5
S 2001 W'WDb (NLO) template @ m'" = 1725 Gevq})f
o 180F ¢ example pseudo-data according to 4.7 fb*
160 E best fit to pseudo-data: m*" = 172.73 + 0.52 GeV §
1400 E @ 5
120 - 2»
100F E Q
80 f E L
605 ) E
40 -
E + 3]
20:7 T Template: <m,> = 04.04 Gev ¢ E
b M/ R B AR aosk
%0 40 60 80 100 120 140 160 180

m,, [GeV]
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Pseudo-data according to NLOE’:C
LHC 13 TeV 50/fb, ,,_ = m = 172.5 GeV, PDFALHC1S

——e—— NLO}i<° calibration, offset -0.00 + 0.06 GeV

BBTZZY  Scale varied pseudo-data

——e——  LOL3% calibration, offset 0.51:+ 0.06 GeV

R Scale varied pseudo-data

3
[}
19
o
I3

UK
RS RRIRA I RKRRRIKRKHK R KK IR
oletoleteletoletetetetetniotetetetetuttetelets

OO0 OISO OO0

|
o
al
T T

Gl b b b b b b by w by
164 166 168 170 172 174 176 178 180
mi [GeV]

|
[y

off-shell effects for m,



3
[}
19
o
I3

|
L2
al
FrorrrooT

L L L I L L BN

Pseudo-data according t@
LHC 13 TeV 50/fb, = m=1725 GeV, PDFALHC15
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Fit results

NWA: NLO corrections

Fit range: 40 GeV < my, < 160 GeV

';‘ 3J ‘ 1T ‘ 1T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T L

8 E Pseudo- -data according t@ g pseudo—data set

= 2.5 LHc 13 Tev 50/, He = M= 1725 GeV, PDFALHC15 =T n .

= B e p— 3~ "best" theoretical model

[ [ ——&—— (NLOy,, calibrationyoffset -0.00 + 0.06 GeV ]

' 2 m Sca eudo-data -

3 E 1 theoretical model used for

T 150 e = Sy )
E 1 the calibration fit function
1+ -
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NWA: NLO corrections

Fit range: 40 GeV < my, < 160 GeV
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8 [ Pseudo-data according to NLOL:;1ec :poults : ﬁtted dlﬂ:erence
= 25? LHC 13 TeV 50/fb, Mg =M= 172.5 GeV, PDF4LHC15 - . . .
£. F o 1 with stat. uncertainties
[ [ ——e&—— NLOy,, calibration, offset-0.00 + 0.06 GeV ]
' 2 B Scale varied pseudo-data -
5 [ ——e—— LO.o% calibration, offset 0.51: 0.06 GeV ]
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0.5k |
IR 2 1
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Fit results

NWA: NLO corrections

Fit range: 40 GeV < my, < 160 GeV
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£. F o 1 with stat. uncertainties
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' 2 B Scale varied pseudo-data -
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Fit results

NWA: NLO corrections

Fit range: 40 GeV < my, < 160 GeV
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£. F o 1 with stat. uncertainties
[ [ ——e&—— NLOy,, calibration, offset-0.00 + 0.06 GeV ]
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Fit results

NWA: NLO corrections

NLO corrections in tf production and decay

LOKK"  NLOKR

w

Pseudo-data according to NLO\>***
LHC 13 TeV 50/fb, = m = 1755 Gev, PDFALHCIS

——e——  NLO[* calibration, offset -0.00 + 0.06 GeV/
EE5) Scale varied pseudo-data
——e—— LO}" calibration, offset 0.51+ 0.06 GeV'

ERZERR) Scale varied pseudo-data
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it results

NLO corrections in tf production and decay
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NWA: NLO corrections

NLO corrections in tf production and decay

LoLOdeC o NLoLOdec NLoLOdeC AN NLoNLOdeC
o NWA NWA NWA NWA

= e e A B e e e e L I B
8 E  Pseudo-data according to NLO!** B g Pseudo-data according to NLOM%%* E
—_ 25? LHC 13 TeV 50/fb, Hge =M= 172569V PDF4LHC15 | —_ LHC 13 TeV 50/fb, Hoge =M= 17256eV PDF4LHC15 ]
< E E= ]
= E ——e—— NLO% calibration, offset -0.00 + 0.06 GeV 1 g ——e——  NLOJL%* calibration, offset 0.01+ 0.07 GeV/ 3
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= 1.5 EEEEEER Suwle varied pseudo-data ER EEEERT) Scale varied pseudo-data fi
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LO — NLO production offset: 0.
LO — NLO decay offset: -1
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it results

NLOfu“ A d NLOE{‘NOAdec NLOqu A d NLOPS
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NLOfu“ A d NLO%{‘N(?Adec

it results

NLOqu A d NLOPS

2
B B B N Ly e o o
Pseudo-data according to NLO,

LHC 13 TeV 50/b, i, = m = 172.5 GeV, PDFALHC15

——e——  NLO,, calibration, offset -0.01 0.07 GeV

R Scale varied pseudo-data

——e——  NLO\* calibration, offset 0.83 + 0.07 GeV'

R Scale varied pseudo-data

me - mi [GeV]
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Pseudo-data according to NLO, | 1

2F LHC13TeV 50/, i = m = 1725 GeV, PDFALHCIS
NLO,, calibration, offset -0.01+ 0.07 GeV
Scale varied pseudo-data 5|
NLO,,; calibration, offset -0.09 + 0.07 GeV

Scale varied pseudo-data q
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NLOgn < NLO%{'&%(IGC offset:
NLOgn < NLOpg offset:

0.83 +£0.07 GeV
—0.09 £ 0.07 GeV
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NLOgn < NLO%{'&%(IGC offset:
NLOgn < NLOpg offset:

0.83 +£0.07 GeV
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~~ scale uncertainty bands cover the observed offsets

~» good agreement in the fit result between NLOg,; and NLOpg

off-shell effects for m,




Introduction Phenomen Template method Fit results

o Origin of the offset between NLOpg and NLOXLOdec: NLO
corrections to the top-quark decay, or resummation corrections?

N L B ey e
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Template method Fit results

o Origin of the offset between NLOpg and NLON:Oe: NLO
corrections to the top-quark decay, or resummation corrections?
o Restrict the sub-showers to n = nP™d = pdec emissions
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> F ] 15 ! I I
3 F Pseudo-data according to NLO, 1 8 Calibration based on:
= 2.5F LHC 13 TeV 50/, 1, = m = 1725 GeV, PDFALHC15 9 = LMo
c £ 1 A oA
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1= 1.5) EEEEER Scale varied pseudo-data E %“E_ X
£ 4 v
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1—Fas 7 ]
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Introduction Phenomen Template method Fit results

o Origin of the offset between NLOpg and NLOXLOdec: NLO
corrections to the top-quark decay, or resummation corrections?

o Restrict the sub-showers to n = nP*°d = pdec emissions
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=2 ' ——e—— NLO,, calibration, offset 0.02 £ 0.07 Gev/ 1 — NLO,,
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~» "emulation" of the NLO emission through the shower
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NWA: PS <« top-quark decay NLO corrections

o Origin of the offset between NLOpg and NLON:Oe: NLO
corrections to the top-quark decay, or resummation corrections?
o Restrict the sub-showers to n = nP™d = pdec emissions

9
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3 E Pseudo-data according to NLO, E Calibration based on
= 2.50 LHC13TeV 50D, b, = m = 1725 GeV, PDFALHC1S -4 = e
= ' ——e—— NLO, calibration, offset 0.02  0.07 GeV 3 4 — NLO,
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E E Y
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m" [GeV] Pseudo-data
~ "emulation" of the NLO emission through the shower
1,1
NLOps™ > NLONEKOdeC offset: ~ —0.12 £ 0.07 GeV
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Conclusions

o The numerical differences of various theory descriptions on the
top-quark mass measurement have been quantified using a template
method

o 4 predictions: NLOg1, NLOYXG®, NLOXNY2® NLOps
o mg—sensitive observables (here myp)
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Conclusions

o The numerical differences of various theory descriptions on the
top-quark mass measurement have been quantified using a template
method

o 4 predictions: NLOg1, NLOYXG®, NLOXNY2® NLOps
o mg—sensitive observables (here myp)

o Higher-order corrections in the top-quark decay lead to more
important shifts in m; than their top-quark pair production
counterpart
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Conclusions

o The numerical differences of various theory descriptions on the
top-quark mass measurement have been quantified using a template
method

o 4 predictions: NLOg1, NLOYXG®, NLOXNY2® NLOps
o mg—sensitive observables (here myp)

o Higher-order corrections in the top-quark decay lead to more
important shifts in m; than their top-quark pair production
counterpart

o Non-factorizable / non-doubly resonant contributions play minor role
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Conclusions

(*]

The numerical differences of various theory descriptions on the
top-quark mass measurement have been quantified using a template
method

o 4 predictions: NLOg1, NLOYXG®, NLOXNY2® NLOps

o mg—sensitive observables (here myp)

Higher-order corrections in the top-quark decay lead to more
important shifts in m; than their top-quark pair production
counterpart

Non-factorizable / non-doubly resonant contributions play minor role

Resummation in top-quark pair NWA is important near the
kinematic edge in my,
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Conclusions

(*]

The numerical differences of various theory descriptions on the
top-quark mass measurement have been quantified using a template
method

o 4 predictions: NLOg1, NLOYXG®, NLOXNY2® NLOps

o mg—sensitive observables (here myp)

Higher-order corrections in the top-quark decay lead to more
important shifts in m; than their top-quark pair production
counterpart

Non-factorizable / non-doubly resonant contributions play minor role

Resummation in top-quark pair NWA is important near the
kinematic edge in my,

Potential underestimation of theory uncertainties in the top-quark
LO decay
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Outlook

Next steps:
o Investigate the dependence on:

o the parton-shower model
o hadronisation effects
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o Investigate the dependence on:

o the parton-shower model
o hadronisation effects

o Matching of the full W* W ~bb result to a parton shower
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Conclusions

Outlook

Next steps:
o Investigate the dependence on:

o the parton-shower model
o hadronisation effects

o Matching of the full W* W ~bb result to a parton shower

o Compare the top-quark mass offset from various theory predictions
to real data
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Next steps:
o Investigate the dependence on:

o the parton-shower model
o hadronisation effects

o Matching of the full W* W ~bb result to a parton shower

o Compare the top-quark mass offset from various theory predictions
to real data

o Compare the top-quark mass offset to the NNLO prediction in the
NWA

Thank you!

— NLO/off-shell effects for m; — Ludovic Scyboz



ntroduction *hen y e method

Backup

/off-shell effects for m; — Ludovic Scyboz



Introduction

Results summary

Phenomenology

Template method

Fit results

Offset [GeV]

Conclusions

2

| Pseudo-data | Calibration | Mip \ mts x|
NLO%%se LO%Ssee +0.51+0.06 | +0.48+0.04 | 0.17
NLONLOd“ NLO&%&;C —1.80+£0.06 | —1.67+£0.04 | 3.25
NLO%V%“ Ok{dee —1.38+0.07 | —1.244+0.05 | 2.65
NLOfun1 LOtunl —15240.07 | —1.62+0.05 | 1.35
NLOrun NLONEY¢ | 40.83+0.07 | +0.60 £0.06 | 6.22
NLO#un1 NLOps —0.09 +£0.07 | —0.07+£0.06 | 0.05
NLOps NLOXGdee —0.92+0.07 | —1.174+0.05 | 8.45
NLOpg NLOR&Qdee +0.96 +0.07 | +0.68 +£0.05 | 10.59
NLOps NLOps (uez) | —0.03+0.07 | +0.02+0.05 | 0.34

Table: Summary of the offsets observed when analysing pseudo-data listed in
the first column with template fit functions calibrated based on various
theoretical predictions as given in the second column.
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Ludovic Scyboz



NLO%{X%“ calculation

o Factorize production &7;_,;7 and decay Z;_.py, in the amplitude

NWA - -
j—tt—bb2/2v '@"f—ﬂ‘t @ Desbirv @ Di_p1-5
o Expansion to NLO:

NWA, NLO _ LO _ LO LO_ SNLO LO LO_
//l,jﬂtzﬂbi,g/gy - ‘@ij—nt ® @t%leru ® 9?—)bl—17 + ‘@ij—nt ® "@tablﬂz ® @?_)bl—p

O SNLO O O SNLO
+ Wi%—ui ® (@ti\?l:ﬁ'u ® @EL;Epr + @:;bHu ® @EE%FF’)
where the NLO corrections to the decay are

virt(real)
@virt(real) '/%t—>bW(+g) =%W—m/

CH T om0 gy
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Introduction

Scale choice: parton-shower NWA

o Central scale: ugr = ur = e

2 - iy 2
p(qG — tt) = 2pgpe = m; —t
2 (= iy 2
pe(qq — tt) = 2pgpr = m; —u,
—m? 2 2
mt ¢ w ot {5+ o { g +
p%(gg — tt) = with weight
—m? 2 2
m; —u w o o+ s {5 )

— NLO/off-shell effects for m; — Ludovic Scyboz



Restricted shower
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Calibration based on:
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Calibration based on:
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ff-shell effects for m,
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Scale uncertainties

Scheme Central scale p; Variations &; p;
HFHROsPS nE = pr = py°% = me, pp® = pPt | €r=¢F = €55 = {0.5,1.0,2.0}
_ .prod _  _ PS emit
HF = HR = Hq = Mt MR =Pr
HFIRIQ pE = nr = pg°t = me, pg® = pFt | g = &F = {0.5,1.0,2.0} and

fQ {\/5’1'071/\/5}

nEHREQsPS | pE = pr = pR°! = me, uiS = p$ | €r = &F = €5° = {0.5,1.0,2.0}

and €@ = {v2,1.0,1/V2}

3
> 157 LHC 13 TeV 50/fb, 172.5 GeV, PDFALHC1S 3 = SETTTTTT I T I T
: @ =m= e =3 E ]
@ Hae =M= E| g [ Pseudo-data according to NLO, | 4
O, == Pseudo-data and calibration according to NLO, ¢ = = 2.5 LHC13Tev50M, = m = 1725 GeV, PDFALHC1S =
c v o E < F ]
T 0. 5 E E oot varoton B g0 variation @“ Mokl variation 3 £ ——e——  NLO, calibration, offset -0.00  0.05 GeV ]
' = Forrinrmen E| ' EEZTERR)  Scale varied pseudo-data -
5 O F—grmos® —5—] 3 ——e—— NLO, 1, calibration offset 0.02 £ 0.05 GeV E
= 05 E E £ 1 EREED  Scale varied pseudo-data B
0.5 E
I TAaniit e 3
0 = S 0 =

-05 -

0.5

0 E E
—0.5¢ . T T NN

1
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- mp [Gev]

- mp [GeV]

Pseudo-data according to NLOJ, °***
LHC 13 Tev 50/fb, i, = m = 1725 GeV, PDFALHCLS

——e——  NLOM** calibration, offset -0.01+ 0.07 GeV.

R Scale varied pseudo-data
——e——  NLOLSE calibraion, offset-1.80 £ 0.06 GeV/

CRZERRT Scale varied pseudo-data

[= NN SIS - )

Bl I I I I I I I I
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my [GeV]

0,

Pseudo-data according to NLO:2**

LHC 13 TeV 50b, i, = m = 1725 GeV, PDFALHC15S
——e——  NLOLE callbraion, offset-0.00 0.0 GeV/
——e—— L0 calibration, offset 051 0.06 Gev

D Scale varied pseudo-data
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