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• The Standard Model (SM) has a set of free parameters that need to be 
determined experimentally 

as = gs
2/4p and quark masses are not predicted by the SM

Fundamental parameter of the SM interesting per se
Important for precise tests of the Standard Model, Yukawa coupling ~ 1
Test of New Physics scenarios i.e. GUT scenarios, vacuum stability

mtop
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Motivation to measure the top-quark mass 
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Motivation to measure the top-quark mass 

EW consistency between: MW ⌘ MH ⌘ Mt
Gfitter group
http://project-gfitter.web.cern.ch/project-gfitter/Standard_Model/

Max Baak (CERN) 

Outlook 

!  Paradigm shift for EW fit: from Higgs mass prediction to … 
consistency tests of the Standard Model: 

 
 
!  δMW (indirect)  =              = 11 MeV 

•  Large contributions  
to δMW (and δsin2θleff)  
from top and unknown  
higher-order  
EW corrections. 

!  δMW (direct) = 15 MeV 
 
!  What’s next for Gfitter: 

combine Higgs couplings in the EW fit. To be continued …  

!  Latest results always available at: http://cern.ch/Gfitter  

•  Results of this presentation: EPJC 72, 2205 (2012) 

The ElectroWeak fit of Standard Model 
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Motivation to measure the top-quark mass 

Vacuum Stability: λ(Λ) ≥ 0 Degrassi et al, 1205.6497
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A. Pich IMFP 2013 10

Degrassi et al, JHEP 1208 (2012) 098
Butazzo et al, 1307.3536 (2013)

Alekhin et al, Phys.Lett. B716 (2012) 214

6 8 10

0 50 100 150 200
0

50

100

150

200

Higgs pole mass Mh in GeV

To
p
po
le
m
as
sM

t
in
G
eV

LI=104GeV
5
6 7

8 9
10
12 14

16
19

Instability

N
on-perturbativity

Stability

Met
a-st

abili
ty

107 108
109

1010

1011

1012
1013

1014

1016

120 122 124 126 128 130 132
168

170

172

174

176

178

180

Higgs pole mass Mh in GeV

To
p
po
le
m
as
sM

t
in
G
eV

1017

1018

1019

1,2,3 s

Instability

Stability

Meta-stability

Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [107] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt � 173.35GeV)� 0.5GeV
↵3(MZ)� 0.1184

0.0007
± 0.3GeV . (59)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-

18

Assume SM valid up to L < Mplanck

Mt = (173.35 ± 0.72) GeV Mh > (129.6 ± 1.5) GeV
Mh = (125.66 ± 0.34) GeV Mt < (171.36 ± 0.46) GeV

Take Mt from ttbar X-section (pole mass)
Mt = (173.3 ± 2.8) GeV Mh > (129.4 ± 5.6) GeV

Vacuum Stability (l(L) > 0)
l(L) the MS quartic Higgs Coupling
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Motivation to measure the top-quark mass 

[www.ifca.unican.es/users/heinemey/uni/plots]

Consistency checks with the SM and possible New Physics

Roberto Franceschini (IFIC seminar, Valencia 2015)

Large mass Sizeable effects
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The top-quark mass defintion

Peter Uwer  (HU Berlin)  |  Strategies to measure the top-quark mass  |  La Thuile,  Feb. 2013  |  page 4 

How do we measure a quark mass ? 

!  We don�t see free quarks, there is no pole in the S-matrix 

" top-quark mass is not an observable, 
mass is just a parameter of the underlying theory 

…at least in theory 

Precise value depends on the definition / 
renormalisation scheme (i.e. pole mass, MS mass) 

!  Determine / fit parameter from comparison of theoretical 
predictions and measurements 

To fix the renormalisation scheme at least a NLO 
calculation is required 

Pole mass 
vs 

running mass 

• Free quarks are not observed in nature as they are confined into 
colorless hadrons, so there is no pole in the S-matrix

ü quark-masses, in particular the top-quark mass, are not 
“observables” and they are parameters of the underlying theory

 è fit Oexp(x) with Oth(Mt,as;x) and extract Mt ç

ü precise value depends on the definition of the renormalization 
scheme selected (pole mass, MS, etc..) 

ü to fix the renormalization scheme at least a NLO calculation is 
required
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The top-quark mass definition 

• Different mass definitions used in present determinations:

ü The MC mass (       ) as the parameter used in the MC generator 
program

ü The pole mass (        ) 

• There is no well defined prescription how to relate         with        

• Current “estimation” of the uncertainty/difference ~ O(1) GeV

• S. Moch et al., arXiv:1405.4781, 
• ATLAS, CDF, CMS and D0 Collaborations, arXiv:1403.4427,
• A. H. Hoang and I. W. Stewart, 500 Nouvo Cimento B123 (2008) 1092–1100,
• A. Buckley et al., arXiv:1101.2599
• A. H. Hoang, arXiv:1412.3649.
• M. Butenschoen et al., PoS(ICHEP2016)698.

mt
MC

mt
pole

mt
MC mt

pole



Extracting the top-quark mass using ttbar+1-jet events  
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tt+1-jet event topologies
Jet requirement à PT > 50 GeV 
(IR-safe observable)

• Large event rates at the LHC (~30% at 7-8 TeV)
• NLO and NLO+shower corrections available
• Gluon emission & threshold effects depend on 

top-quark mass

and  m0 = 170 GeV

Normalized 3-jet differential cross section as a function of the inverse of the system 
invariant mass

§ Renormalization scheme is fixed through NLO calculation à Mt
pole defined here 

and MS –the running mass scheme- can also be used

§ Differential distribution enhance the top-quark mass sensitivity

§ Theoretical and experimental uncertainties are minimized through normalization

15/5/17
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Threshold

Top-quark mass
sensitivity

High energies
(control region)

Low energies
(high sensitivity)

Crossing due to
normalization

(loss of sensitivity)

No mass
dependece –

Control/Calibration
Region

Top-quark mass
sensitivity

1 TeV 680 GeV 500 GeV 410 GeV

Properties of R

15/5/17
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Main results at 7 TeV

• No mass dependence  on the top-quark mass used in the MC simulation (≤80 MeV)

• Main uncertainties: s(JES)=0.94 GeV, s(µR/F)=0.93 GeV; s(ISR/FSR)=0.72 GeV

mt
pole =173.7±1.5(stat.)±1.4(syst.)−0.5

+1.0 (theo.) GeV

• Top-quark pole mass extracted from a fit to R using NLO+PS theoretical calculation:

15/5/17
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The 8 TeV analysis and beyond    

• Larger event sample reduces the statistical and systematic uncertainties

• A potential reduction of 40% total uncertainty is in reach when using 8 TeV
data (of course needs to be confirmed by making the real analysis). 

• 8 TeV analysis will be included in Davide’s PhD.
15/5/17
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The 8 TeV analysis and beyond: Running mass    

15/5/17
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Davide’s PhD    

15/5/17

• ATLAS 8 TeV analysis. Internal note produced. Approval process 
ongoing.

• Running mass scheme included and results provided. Combined 
theoretical and experimental paper produced (ArXiv:1704.00540)

• Prospects for 13 TeV and 100 fb-1


