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Standard — Alternative Techinques

Standard measurements:

> based on the reconstruction of the top quark pair event kinematics

> mass calibration performed using MC <» mimeasured — mMC

> large sensitivity to JES uncertainty unless in-situ constraints are exploited

> using tt final states

Alternative measurements:

> use observables / final states sensitive
to different systematic uncertainties

> extract top quark mass in well-defined
renormalisation scheme (<» comparison

with theoretical calculation)
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m; Using Single Top t-Channel Enhanced Events (ATLAS)

Vs =8 TeV (L = 20.3 fb~1), single top t-channel
> measured m; in a sample enriched by

top quarks produced via weak
interactions

> basic event selection + background

estimate similar to single top

t-channel x-section measurement

(ATLAS-CONF-2014-007),
see talk by A. Jafari

> neural network selection:

> training done only against non-top

backgrounds
> possible bias due to mass

dependence of input variables has

been checked and excluded
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m; Using Single Top t-Channel Enhanced Events (ATLAS)

Vs =8 TeV (L = 20.3 fb~1), single top t-channel ~ATLAS-CONF-2014-055

500

> JES (1.5 GeV)
> (t-channel) hadronisation (0.7 GeV) L
> background (0.6 GeV) o () [Gev]
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> flnal Sample Compos_ltlon' “E‘N gisoo;ATLAS Simulation Preliminary -mm=165069\/é

t-channel ~ 50%, tt ~ 23%, Bisool - o cor ]

background ~ 27% 3 E

> template method: o E

> based on my, estimator w0 E

(lepton + b-jet invariant mass) = ‘ ‘ ‘ B SE

. . 60 80 100 120 40 160

> signal templates include m( b) [GeV]
all single top channels + tt S S —

S - ® |s=8TeVdata %; \ / B

. . . . < [ Bestfitm, =1722+07 (stat) GeV " , q

> binned likelihood fit: 3 ;!smg‘;ummnne‘signal \of

_ . v & 1000 — M Tsonal e in e i

my = 172.2 £ 0.7 (stat.) & 2.0 (syst.) GeV N i

> dominant systematic uncertainties: L Junzmon]




B-hadron Lifetime / Lepton pr

> lifetime and (transverse) decay y
length (L,,) of B-hadrons from the -
top decay depend ~linearly on m;

> similarly, p1 of the charged leptons
from the W boson decay can be used _ -

V

> Ly, and lepton-pr reconstruction based on the tracking (muon)
system(s) and EM calo (for e), largely reduced sensitivity to JES unc.,
however typically larger statistical uncertainties (# standard techniques)
Phys.Rev.D81 032002 (2010)
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B-hadron Lifetime / Lepton pr (CDF)

L = 1.9 fb~!, /+jets channel Phys.Rev.D81 032002 (2010)
> sensitive to: TN R
. Sie Data Mean Ly [cm]
> modelling of top-pt (+» PDFs) 5:3 RO .
> Ly, calibration (b-fragmentation, SR ‘
. . ¥ L
tracklng. modelling) o | o I£=—:H’:t$
= dedicated L,y calibration using 04 fuarer™
bb events i Sl NSNoioe

|
20 30 40 50 60 70 80 90 100 110
Track Jet p_[GeV/c]

> simultaneous fit to L, / lepton pr:

m; = 170.7 £ 6.3 (stat.) = 2.6 (syst.) GeV  § n| Sl
£ w =
> systematic uncertainties dominated by: £ =y

> background shape (1.7 GeV)
> lepton pt scale (1.2 GeV)
> Ly, calibration (1.1 GeV)
> calorimeter JES uncertainty: 0.3 GeV

— Phys.Lett.B698:371-379,2011: m, = 176.9 + 8.0(stat) & 2.7(syst) GeV (lepton pr only)
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B-hadron Lifetime (CMS)

Vs =8TeV (L=19.319.6 fb~1), CMS PAS TOP-12-030

CMS preliminary, 5=8 TeV, [L=19.6 fb”

(+jets and dilepton (epu) channels £l I
£ —_—
> Ly, calibration checked in dijet sample Tof =
— agreement within stat. uncertainties ot e o e
between data and simulation 8
> fit to median L,,: o
m; = 173.5 + 1.5 (stat.) + 1.3 (syst.) + 2.6 (p'") GeV ° o roe momom oo
CMS preliminary, /5=8 TeV, [ L=19.3-19.6 b CMS Simulation, (s=8 TeV
- S chame > dominant sources of
Woo Wsroeor e systematic uncertainty:

Oz-n Ww-w

> top pr modelling
> background in £ + jets
> hadronisation model
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Kinematic Endpoints (CMS)

Eur. Phys. J. C 73 (2013) 2494
> use transverse mass of tt pair: Hbb

. 5 b Lo
MT2 = min {max(m%—7 ml_;_)} P sy t / H-’*i / v

pfll_a -‘rP-T-b :p¢iss

<+ transverse W mass: » \ W \ P
2 — 2 2 0 0 P e
MTVW:m,/+mZ+2(E7”-ET—p’§-~pT) ) b .

-~

Upstream Visible Child

> to reduce the sensitivity to the pr modelling of the tt system,
use only components perpendicular to the boost of the tt pair:
Mto — M2y = pipp

> endpoint: pp* = m;

> v and W boson masses constrained to their world-average values
(method otherwise applicable for BSM searches including undetected particles)

> mass measurement based on analytic endpoint formula

= model-independent mass measurement
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Kinematic Endpoints (CMS)

Vs =7TeV (L=5.0fb"1), Eur. Phys. J. C 73 (2013) 2494
dilepton channel

> simultaneous, unbinned likelihood fit to endpoints of wpp and My,
> taking resolution into account

m; = 173.9 4 0.9 (stat.) "3 7 (syst.) GeV

> dominant source of systematic uncertainty: JES ﬂ:g GeV
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Using my, and Forward Folding (CMS)

Vs =8TeV (L=19.7 b 1), CMS PAS TOP-14-014

dilepton channel: ey, 1 loose b-tag
wew

> M, min=min(mMe1 p1,M¢2,p2)
> 85% correct combinations

> provide my, mi, distribution at reconstruction level, in fiducial volume

19.7 fb™ (8 TeV)

% cMS * data

QO 500 o C vy

= Preliminary I non-Wiz

Z 400 £ Wjets
B tw/Ew I

1 byivwv

tt signal
MC syst+stat

T[T T[T T[T TTTT[TTTT

~7300 550
mnn [GeV]
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Using my, and Forward Folding (CMS)

> provide response matrix CMS PAS TOP-14-014
MEP = Ny SNy e g
£ 300
> computed using MadGraph+Pythia g 250
> one for each syst. variation ;_EEZOO

and for 7 values my 150

> fold any predicted my, distribution "

to reco level: Xreco = £ M™PXpreq
and extract mass, e.g. using

50

0

% 20 40 60 80 100 120 140 160 180 200
mip" [GeV] (gen)

MCFM (NLO)' 19.7 b (8 TeV)

0.016 o

> .
+ 8 £ CMS = 600]
my = 171 4 Gev = 0.014[ Preliminary 322
: . : = ooz =
> in addition to (or instead of ) shape Z oot w ‘

— = 165 170 175 180
can use rate and absolute 0.008] o @
cross-section only 0006} — memss cev

0.004 MCFM + BG
. = o m=172.5 GeV
> NNLO+MadGraph, rate only: o002l ORI
+ AR m,::fG.SGeV‘
me = 173 7 Gev G() 50 100 150 200 250 300 350

mn [GeV]
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Top-Quark Mass from tt x-Section

> compare experimental oz with theory computation

— m;

due to event selection criteria

only enters via top mass dependence of measured oz

. . L y <
— measure m; in well defined renormalisation scheme (m?'¢, mM3)

MC

> compare measured and predicted cross-section to find most probable m;
(+> likelihood maximisation)

Y

—— Measured o(pp— tt+X)
—— Measured dependence of ¢
—— Approximate NNLO

‘ NLO+NN‘LL ‘

DO, L=5.3fb "

2150 160 170 180 _ 190
Top quark pole mass (GeV)

PLB 703 , 422 (2011)

DO, L=5.3fb "

8
s
[ —— Measured o(pp— tt+X)
4; —— Measured dependence of ¢
L —— Approximate NNLO
[ NLO+NNLL
v b b Lo b b
140 150 160 170 180
Top quark MS mass (GeV)
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I
mfo e

and mM> from tt x-Section (DO)

Vs =196 TeV (L =53 fb~1): £ + jets channel

> theory calculation at approximate NNLO
(JHEP 0307 (2003) 001, Comput. Phys. Commun. 135 (2001) 238)

> theory uncertainties:

PLB 703 , 422 (2011)

> renormilisation /factorisation scales (up/down variation by factor 2)

> PDF uncertainty

> assuming mM¢ = mi\Ts
results in shift of
> AmPo® = —27GeV

> AmMS = —2.6 GeV

— half of shift included in

systematic uncertainties

DO, L=5.3fb "

—— Measured o(pp—> ff+X)

— Measured dependence of o

—— Approximate NNLO
NLO+NNLL

Py | |

b N DG, L=5.3 fb '

[ —— Measured o(pp-> ti+X)
— Measured dependence of o
— Approximate NNLO
NLO+NNLL

50160 170 180 190
Top quark pole mass (GeV)

mP°® = 167.5752 GeV

220 is0 " te0 170 180
Top quark MS mass (GeV)

mMS = 160.0"4% GeV

— PRD 80 , 071102 (2009): m?®® = 169.17%9 (¢/+jets + dilepton channel)

Stefanie Adomeit, Benjamin Stieger Top-Quark Mass Measurements: Alternative Techniques September 30, 2014

13 /20



Top-Quark Pole Mass from

Vs =T7TeV (L=23fb1),
dilepton channel

> theory calculation using Top++
(PDF: NNPDF2.3)

> uncertainties:

meas. +2.1
> O - —20 0.0
. +0.
> LHC beam energy: Ty
. +1.5 . 40.9 . +0.7
> PDF: 233, prrt oo, st Tg7

MC. +0.5
DMy o

— dominated by experimental
uncertainties

tt x-Section (CMS)

Phys. Lett. B 728 (2014) 496

Vs = 7 TeViagim,) = 0.1184
: T -

T T
—— CMs,L=23"

M Top++ 2.0, ABM11
e Topé+ 2.0, ET10

......... Top++ 2.0, HERAPDF1.5
....... Top++ 2.0, MSTW2008
© Top++ 2.0, NNPDF2.3

g (Pb)

160 Bapma W =]

140 5. - =

22 R, -

120, PR T - 'E e SR
165 170 175 180 185 190

m* (GeV)

> fixed as(mz) = 0.1184 + 0.0007:
mbo® = 176.7739 GeV

> fixed my = 173.2 = 1.4 GeV:

as(mz) = 0.115173.99°8
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Top-Quark Pole Mass from tt x-Section (ATLAS)

Vs =17/8TeV (L =4.6/203fb1). arXiv:1406.5375
H E3507'&(““‘\‘“\“‘\“‘\“‘\“‘\“‘\“‘\“‘7
dilepton (e/u) channel T NS Arias P
2 800] N o]

> theory calculation using Top++ % [ e R A ]
(PDF4LHC) § TR E

1,
g,

'
......
........

> small mMC-dependence of
measured oz

100

P AN P VAP AR EPATRIN BRI A AU AN R
164 166 168 170 172 174 176 178 180 182
pole

m [GeV]

mbP°'® = 171.4 + 2.6 GeV (/s = 7TeV)

Theoretical uncertainties:

> including PDF / a5 / QCD scale
uncertainties

> slightly larger compared to exp. mP'® = 174.1 4+ 2.6 GeV (/s = 8TeV)

uncertainties from meas. o 1
mp® =172.9*52 GeV (/s = 7/8TeV)
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Top-Quark Pole Mass Using tt+1-jet Events (ATLAS)

= exploit my

pole

dependence of normalised tt+1-jet differential

cross-section, as a function of the inverse of the invariant mass of the
tt+1-jet system

pole _ 1 doii1_jet [, pole
R(m™", ps) = Otttl—jet Ps (m
. 2m,
with ps = =22 and mg = 170 GeV
pS \/ﬁ 0 0

7p5)

Eur.Phys.J C73 (2013) 2438
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> enhanced my-sensitivity
w.r.t. o7 through usage of
differential distribution

> theoretical calculations
performed at NLO+4PS
accuracy

> compared to measured
differential cross-section,
corrected for detector and
resolution effects
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Top-Quark Pole Mass Using tt+1-jet Events (ATLAS)

Vs =7TeV (L =4.6fb"1), {+jets channel ATLAS-CONF-2014-053

. . . . . ) e
> kinematical event reconstruction to identify W- and t-candidates, N

"additional jet” with pr > 50 GeV

> regularised matrix unfolding to 5 2T T ]
correct for detector effects © 15 ATLAS Preliminary (simulation) E

£ F E

\ 1= =

> compare data to NLO+PS E ost E
prediction at parton-level om * ___________________ — * A

> no mMC¢ dependence due oSt i } E
to MC based correction 1 Mean =-0.08+0.08 Gev E
observed 15 XINDF =04 E

R O N SO (AN RN AR R
166 168 170 172 174 176 178 180 182
m, [GeV]
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Top-Quark Pole Mass Using tt+1-jet Events (ATLAS)
Vs =7TeV (L =46 1), (+jets channel ATLAS-CONF-2014-053

> fit with NLO4-PS prediction: wew
mP'® = 173.7 4+ 1.5 (stat.) 4 1.4 (syst.) To2(theo.) GeV

> dominant sources of T S ]
systematic uncertainty: i 4 ATLASPrelminay b paa E
> JES: 0.94 GeV S 350 (s=7Tev, 46t :ijz :;me;gg EZX E

3 o E

> proton PDF: 0.54 GeV £ = e E

> theorie uncertainties e - E
. . 1= 3

(on NLO+PS prediction): osh E
> scale uncertainty: fg’iz GeV BT L

N 0 0.2 0.4 0.6 0.8 1

> PDF uncertainty: 0.21 GeV P, [pérton level]
> (as: 0.01 GeV)
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J/V Peak: Prospects

> select tt events with b — J/W
(+J/V — 00)

j v
> rare but experimentally very clean ;
p y very INw W e
b . b
> exploit m; dependence of M ’
p t dep J/VL p/ I
(Phys. Lett. B 476 (2000) 73)
> /s =28TeV (L=19.6/19.8 fb~1) CMS PAS TOP-13-007
> b— J/V 4+ X signal in
E_{_jets and di|epton tt o ropisasiens TRY Sh vyt < S prelminary, 106 1, 528 Tev .:::mmamew
events S w2 e
g 50 9 10~ [ others (MG)
. . . = = Wsnge o
> competitive using higher & 4« g o o
statistics in Runll? & wf @

20

> might be difficult due

to Iarge SenSitiVity to 3.05 31 315 32 . 3.1 315 = 3.2
i i J GeV] J/y mass [GeV]
details of b-fragmentation W mass [GeV]
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Alternative Top-Quark Mass Measurements - Summary
> for the first time, m; has been extracted in single top events

> exploited new techniques: compare data to theoretical calculation
(MCFM), folded to reconstruction level

> alternative methods are approaching precision of standard measurements

I .
> mP° has been measured with

pole +2 5 MC_
> Amj from oz with minimum m¢"“- dependence
pole +2 3
> Amj GeV using differential tt + 1 jet x-section
T —— e R
To) uark o\e mass delevmmallons
ATLAS Preliminary P quariep
compared to direct measurement
DO approx NNLO: MSTWO8, 1.96 TeV 2009 169.1j2?
DO approx NNLO: MSTWO08, 1.96 TeV 2011 167.5j§
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7;2;
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 + 26
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741+ 26
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9_‘2:
ATLAS NLO: fi+1 jet, 7 TeV 2014* 173.7;2?
Direct reconstruction LHC+Tevatron 2014 1733+ 0.8
P R RIS AV N U SR
140 150 160 170 180 190
m ™
[GeV]
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