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Introduction
Motivations:
@ EW precision calculations depends on m;
@ EW vacuum stability involve m; i
@ m; is large — connection with high :
energy theories
@ Unique opportunity to study a (almost)

bare quark
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Mass measurements: methods
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Confinement — quark masses are not observables — what is m;?.
@ top decay products invariant mass — m&®"

@ theory parameter in the Lagrangian — meIe (in pole mass scheme)

m§e" — m‘tmle <1 GeV [Nucl.Phys.Proc.Suppl. 185 (2008) 220-226]
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Mass measurements: methods

ner-x

Confinement — quark masses are not observables — what is m;?.

@ top decay products invariant mass — m&®"

@ theory parameter in the Lagrangian — meIe (in pole mass scheme)

m§e" — m‘tmle <1 GeV [Nucl.Phys.Proc.Suppl. 185 (2008) 220-226]

m$*" — Direct measurements

@ Choose detector-level observables (O;)
which depend on the top quark mass.

@ Generate MC with varied m*" values.

@ From MC, parametrise O;(mt®").

@ Take value of m®" which best

describes data.
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Mass measurements: methods

ner-x

Confinement — quark masses are not observables — what is m;?.

@ top decay products invariant mass — m&®"

@ theory parameter in the Lagrangian — mpole (in pole mass scheme)

m§e" — mf‘"e <1 GeV [Nucl.Phys.Proc.Suppl. 185 (2008) 220-226]

ole
p —Cross section measurements

M . Difas: FeasiEmais *] T;i\ke at least a NLO calculation
(fix scheme)

@ Choose detector-level observables (O;) . wlke . .
which depend on the top quark mass. ~ Oy e ™) Elilfaraeiel slke)

n

@ Generate MC with varied m¢®
From MC, parametrise O;(mé").
4 : () @ Choose value of mp°

@ Take value of m®" which best match UtF+X
describes data.
@ m™" well-defined theoretically.

vellrs @ Compare measured o7, with theory

e which best
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Mass measurements: topologies @g
Top quark mass measurements in ATLAS performed for a variety of topologies.
. Top quark decays
Top quark production modes
" [¢]
9 t a q w E
‘ 2
o B
[
W b—jet T
. ! o
) . 1 , E
g t b t B
Strong interaction (tt) Weak interaction (single-t) %
b—jet ]
Simplified event selection:
tt all-hadronic tt semileptonic tt dileptonic single-t (t leptonic)
e 6 jets (2 b-jets) e 4 jets (2 b-jets) e 2 b-jets o 2 jets (1 b-jet)
e no Iept'ons o 1 Iepton ° 2 Ieptons o 1 Igpton
e no E'* o ET™ > 30 GeV o ET™ > 60 GeV o ET > 30 GeV

D. Melini Top quark mass measurements in ATLAS Birmingham, 4th April 2017 4/13



Mass measurements: topologies
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Top quark mass measurements in ATLAS performed for a variety of topologies.

Top quark production modes

g i
Strong interaction (tt)

Top quark decays

Hadronic

h 2

Weak interaction (single-t)

Leptonic

Simplified event selection:

tt all-hadronic

e 6 jets (2 b-jets)
e no leptons

e no Emiss

Advantages of combination

D. Melini

single-t (t leptonic)
o 2 jets (1 b-jet)
e 1 lepton

o EMiss > 30 GeV

tt dileptonic

o 2 b-jets

e 2 leptons

. E'7Ui55 > 60 GeV

tt semileptonic

e 4 jets (2 b-jets)
e 1 lepton

o EMiss > 30 GeV

N @ reduce fluctuations (from method/decay channel)

@ reduce error!
Birmingham, 4th April 2017
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Standard methods: all-hadronic at 8 TeV arxiv:1702.07546 @S

T T
ATLAS Simulation
MC, fS=8TeV

Main challenges:

@ Big multijet background (data driven estimated).
@ High combinatoric background.

M = 167.5GeV
— Mgy = 1725 GeV E
< Mgy =177.5 GeV

Normalised Value
o
T

Event selection details: 0e
@ 6 jets with “high” pr.

@ control/signal regions from N,_js and Ag(b, Wree),

Observable R3/, = i

mjj

Fatio 1 1725 GeV.
S
B
i
i
i

716 18 2 22 24 26 28 3 32 34
Ry

@ my; invariant mass of top, mj; invariant mass of W.

g T T T T T T T
@ two values for each event. S f:ffnm, Ralo
@ Rs/; reduce JES uncertainty. ,% T
L 800 -
Result:
600 Feindf=72.3/48 =151 |
m$®" = 173.72 £ 0.55(stat) 4= 1.01(syst) GeV 100
main uncertainties : 200
@ JES (0.60 GeV) and bJES (0.34 GeV) L

I Loilinyl LT
16 18 2 22 24 26 28 3 32 34

@ hadronisation modelling (0.64 GeV) Ry = my/m;
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Standard methods: dileptonic at 8 TeV Phys. Lett. B761 350

H . > T T
Main challenges: 3 - amas M ]
, . . mulation —167.
@ Two v — can't reconstruct invariant mass ° P —1725GeV |
. . £ i 177.5GeV |
Event selection details: st g —
o] »
@ 2 oppositely charged leptons, > 2 b-tagged jets 3 0051 / L ]
. 2 o8- % \ ]
@ Main backgrounds: low mass resonances, Z+jets, QCD. g [ \\ ]
- . . z . N 4
@ pr,p > 120 GeV minimises total uncertainty / ) ~
@ 30GeV < mjp® < 170 GeV increase purity and s i 3
» . . o el
truth-matching efficiency osf E!
40 60 80 100 120 140 160
Observable mjF<°: miee° [GeV]
@ No E?iss in observable definition — good resolution > T : - - T —
& 5pof © Data ATLAS =
Result: N [ 1% background ~ \s=8TeV,20.2fb" 1
§7) [ — Best fit ]
gen § 400[- | Uncertainty ]
mg " = 172.99 £ 0.41(stat) & 0.74(syst) GeV a o ]
3001 ¢ ]
main uncertainties: 200F y 3
@ JES (0.54 GeV) and bJES (0.30 GeV) 1005 ]
@ hadronisation and ISR/FSR modelling (0.22 GeV) F 3 i
. . . . . O’ L 1 1 1 L 1
@ Combination with 7TeV /4jets and dilep 40 60 8 100 120 140 160
measurements reduce error by 15% mig™ [GeV]
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Standard methods: semilep at 7 TeV Eur. Phys. J. C75 330
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Main challenges:

@ Reduce dominant JES and bJES systematics.
Event selection and system reco details

@ 1lep, > 4 jets, > 1 b-jet, ETss,

@ Match reco objects to truth tops decay products,
kinematical fit.
3D template fit, observables:
@ m® — sensitive to m¢, JES and bJES
@ mif° — sensitive to JES
phed 4 pleP
e

Result:

— sensitive to bJES

m&" = 172.33 4 0.75(stat) + 1.02(syst) GeV

main uncertainties:
@ JES (0.57 GeV) and bJES (0.67 GeV, stat)

Normalised events / GeV

T
ATLAS

" . =167.5GeV.
Simulation, Vs=7 TeV U °

[ M
[ i = 1775 Gev ]

= 1725 GeV]

600|

Events / GeV

500~

L L i i 2 |
140 160 180 200 220
m[§;° [GeV]
FaT iy
s=7 TeV, 4.6 ! {555 Best fit background
—— Best fit
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Uncertainty
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Cross section methods: oz, 7 and 8 TeV Eur. Phys. J. c76 642

Main challenges:
@ Measure m™®® from NNLO calculation.

@ Need to correct for detector/reconstruction
efficiency

Event selection:
@ Opposite sign ey pair, exactly one and two b—jets
@ Two signal regions: (N1, 1 b-jet) ; (N2, 2 b-jets)
@ Same sign ey pair to estimate backgrounds

Observables: o
Ny = £Utf€se|2€b—tag(l - Cb»tageb—tag) + N1 &
Ny = EUtfeseI Cl}tag€2b—tags + N2 €

!
ot depends on mP |

Result (748 TeV):

+2.5

mpo =172.9 75

(all) GeV

main uncertainties:
@ PDF+oas (1.8 GeV)
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Top quark mass measurements in ATLAS

—_ T T T T T T T
Q In ——— MSTW 2008 NNLO 1
5 350 ATLAS — — MSTW 2008 NNLO uncertainty |
c \ —— CT10NNLO B
S RN, e CTIONNLO uncertainty |
] AR —— NNPDF23NNLO 1
& 38001 — - NNPDF23 NNLO yncertainty |
P [ aTev O \e=7Tevaen’ ) iem |
8 r \o \s=8TeV, 2031 ]
S 2500 b
200
150
pole
m [GeV]
T T T T T
Top quark pole mass from cross-section
ATLAS i
compared to direct measurement
DO approx NNLO: MSTWOB, 1.96 TeV 2009 ————F———— 169.1°%°
DO approx NNLO: MSTWOB, 1.96 TeV 2011 * 16757
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 1787,
ATLAS NNLO#NNLL: PDFALHC, 7 TeV 2014 1714 = 26
ATLAS NNLO+NNLL: PDF4LHC, 8 ToV 2014 1741 = 26
ATLAS NNLONNLL: PDFALHC, 7-6 ToV 2014 1729757
Direct reconstruction LHC+Tevatron 2014 = 1733 0.8
| | | I |
140 150 160 170 180 1
pole
m, [GeV]
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Cross section methods: tt + 1ljet at 7 TeV JHep 10 (2015) 12:

ner-x

Main challenges:

@ Big uncertainties (less stat than tt).
@ Correct data to parton level.

@ tf+ 1jet@NLO+PS, jet radiation depends on m;.

Event selection:

@ Standard tt semileptonic selection

@ At least one additional jet is required.

Observable: R = —1—
T tt+1jet dps

@ Strong dependence on mf

@ Differential and normalised

@ Fixed renormalisation scheme (pole mass)

Result:

mP®'® = 173.7141.50(stat)+1.44(syst)

main uncertainties:

@ statistical (1.5 GeV), JES+bJES (0.94 GeV)

do’tHljet

@ ISR/FSR modelling (0.72 GeV)
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5 ST T T
= 700E- [ m-1725Gev =
2 15=7TeV, 46 -
S 600E ' p Bl Backgound 3
3 sk % %4/ Uncertainty
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Z
300 -
200F =
100E- 4
5 e
o
& F |
s ¥ . Y
s L L L L n I n
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— P,
1 Ps X SiE L et N
o 5 T T T e
ole £ >07 oF 45t ATLAS tt+1-jet at NLO+PS for m™*= 3
or ps =~ U. gE, - 170 GeV ' E|
E \s=7TeV, 4.6 o' T 178Gy E
' 173.7 GeV (bestfit) 3
st Daa 3
25 3
2 E
15, =
+0.95 ' e E
(theo) GeV o5t
-0.49 E
. S . E|
1
g SV
N S
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0.8
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Latest ATLAS combination

ner-x

ATLAS Preliminary  m,, summary - Aug. 2016,L _=4.6fb"-20.3 fb"

tot. (stat. £ JSF £ bJSF + syst.)

My
o
all jets f“’;':"fg, C75 (2015) 158 el —— 1751 £ 1.8 (14 $12)

single top* CONF-2014:055 1722 + 21 (o7 + 20
gle top* N2 - ( )
'
— l+jets E“’i"f;;cm (2018) 330 — A = 1723 £ 13 (02 £02:07 +10)
= ]
— dilepton E‘” P“"fm‘J‘ 75 (2015) 330 B 1738 + 14 (o5 +13)
= '
— dilepton mXv 160602179 Pt 1730 + 0.8 (o4 +07)
= '
'
{ots* CONF-2016-064 —_—
all jets L. pe - 1738 £ 1.2 (o6 1.0 )
'
v
'
o(tf) dilepton Eur- Pys. J. C74 (2014) 3109 —— ——— 172.9 + 28
plon | i e205 10" B YT 26
ot 1ot 7 o019 1 n—i—a—c 1737 +23
'
I

ATLAS Comb. June 2016 (arxiv:1606.02179) World Comb. + 16

172.84 + 0.70 stat. uncertainty

World Comb. Mar. 2014 (arxiv:1403.4427) stat. ® JSF @ bJSF uncertainty
173.34 + 0.76 total uncertainty

Tevatron Comb. Jul. 2014 (arxiv:1407.2682) *Preliminary, —Input to ATLAS comb.
174.34 + 0.64

I |
165 170

|
180 185
mlop [GeV]
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Summary k

@ m; is a fundamental parameter of the Standard Model.

@ m; determination is of great importance for the incoming precision physics era.

@ Top quarks not directly observable — need well defined m; definitions.

@ Measurements performed with ATLAS scan a variety of channels and methods.

@ 8 TeV measurements are completed (...to be public soon).

@ For mt*" measurements, combination is the key (goal is = 0.5GeV, less at 13 TeV).

@ mP®° measurements start getting high precision.

@ 13 TeV efforts started:

e More alternative methods
o Reduce systematics

D. Melini Top quark mass measurements in ATLAS Birmingham, 4th April 2017

11 /13



)%

Summary k

@ m; is a fundamental parameter of the Standard Model.

@ m; determination is of great importance for the incoming precision physics era.

@ Top quarks not directly observable — need well defined m; definitions.

@ Measurements performed with ATLAS scan a variety of channels and methods.

@ 8 TeV measurements are completed (...to be public soon).

@ For mt*" measurements, combination is the key (goal is = 0.5GeV, less at 13 TeV).

@ mP®° measurements start getting high precision.

@ 13 TeV efforts started:

e More alternative methods
o Reduce systematics

Thanks for your attention!
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Back-up
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Singletop enriched topologies at 8 TeV atiLAs-conF-2014-055
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Main challenges:
@ First time measurement in ATLAS.
@ Large W+jets background.
Event selection:
@ Top leptonic decay: one b—jet,lepton and E7"_‘iss.
@ One light jet (not from top).
@ Control region with relaxed b—tag — more W+jets

@ Neural network (NN) increase % (=~ 0.15 -~ 0.9)

Observable mj;=° :

@ Same of standard tf semilep. measurement

gen
my

= 172.2 £ 0.7(stat) £ 2.0(syst)GeV

main uncertainties:
® JES (1.5GeV)
@ statistical and hadronisation modelling (0.7GeV)

D. Melini
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ATLAS  Simulation Preliminary gy m, =165.0 GeV
B m,,=1725 GeV
B ™,,=180.0 GeV

1500

Events / 2.5 GeV

1000

500

Top quark mass measurements in ATLAS

|
140 160

60 80 100 120
m(l b) [GeV]

T T T T
L e V{s=8TeVdata g o g
r Best fit: m,, = 1722+ 0.7 (stat) GeV * 1
i Single-top t-channel signal J SR W S 1]

| B tisignal

Background o7 33 T i |
| ATLAS Preliminary +%; ]
I ILdl=20.3 ']

140
m(lb) [GeV]
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Direct measurements summary (with CMS)
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ATLAS+CMS Preliminary LHC fop WG m,, summary, fs = 7-8 TeV Aug 2016
-------- World Comb. Mar 2014, [7]

stat

total uncertainty total stat

My, = 173.34 + 0.76 (0.36 + 0.67) GeV i = total stat = syst) & R
ATLAS, l+jets (*) ———t 172.31+1.55 (0.75 + 1.35) 7TeV [1]
ATLAS, dilepton () — 173.09 + 1.63 (0.64 % 1.50) 77TeV [2]
CMS, I+jets - 173.49 +1.06 (0.43 + 0.97) 7TeV [3]
CMS, dilepton i 172.50 £ 1.52 (0.43 + 1.46) 7TeV [4]
CMS, all jets =t 173.4911.41 (0.69+ 1.23) 7TeV [5]
LHC comb. (Sep 2013) = 173.29 + 0.95 (0.35 + 0.88) 7TeV [6]
World comb. (Mar 2014) H+ 173.34 + 0.76 (0.36 + 0.67) 1.96-7 TeV [7]
ATLAS, l+jets H——H 172.33£1.27 (0.75+ 1.02) 7TeV [8]
ATLAS, dilepton P 173.79 £ 1.41 (0.54 + 1.30) 7 TeV [g]
ATLAS, all jets ——t] 1751 1.8 (1.4£1.2) 7 TeV [9]
ATLAS, single top —t——t 1722+ 21 (0.7+2.0) 8TeV [10]
ATLAS, dilepton =3 172.99 +0.85 (0.411 0.74) 8TeV [11]
ATLAS, all jets ——— 173.80 +1.15 (0.55 + 1.01) 8TeV [12]
ATLAS comb. (IJ:;:; fg;lf H 172.84 £ 0.70 (0.34 + 0.61) 748 TeV [11]
CMS, I+jets HeH 172.35+0.51 (0.16 + 0.48) 8 TeV [13]
CMS, dilepton ot 172.82+£1.23 (0.19£1.22) 8TeV [13]
CMS, all jets He+H 172.32 £ 0.64 (0.25 + 0.59) 8TeV [13]
CMS, single top i 172.60 £ 1.22 (0.77 £ 0.95) 8TeV [14]
CMS comb. (Sep 2015) HeH 172.44 +0.48 (0.13 + 0.47) 7+8 TeV [13]
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