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The top mass plays a crucial role in EW symmetry breaking (Gfitter at NNLO, ’14)
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Stability of SM vacuum depends on top and Higgs masses (Degrassi et al, Branchina et al, ’12-’15)
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Stability: Veff(v) < Veff(v
′); Instability: Veff(v) > Veff(v

′); Metastability: τ > TU

Top mass world average as pole mass in determination of Yukawa coupling
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Top-mass measurements compare data with theory: the mass is a parameter in the
theoretical prediction

Standard top mass reconstruction relies on top decays: template method

Distribution of observables sensitive to mt and reconstruction under the assumption that
the final state is WbWb and the W mass is fixed

Data confronted with Monte Carlo templates and mt is the value minimizing the χ2
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ATLAS: b-jet+lepton invariant mass in dilepton channel

mt is the parameter in the event generator, often called Monte Carlo mass

Can we relate it to any theoretical mass definition?
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Top-quark mass definitions - Subtraction of the UV divergences in the self energy Σ(p)
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Renormalized propagator: S(p) = − i

6 p−m0
t +ΣR(p,m0

t , µ)d = 4 − 2ǫ

Σ
R ∼

[

1

ǫ
− γ + ln 4π + A(m

0
t , p, µ)

]

6 p−
[

4

(
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ǫ
− γ + ln 4π

)

+ B(m
0
t , p, µ)

]

m
0
t+(Z2−1) 6 p−(Z2Zm−1)m

On-shell renormalization (pole mass): ΣR(p) = 0 , (∂ΣR/∂ 6 p) = 0 for 6 p = m

MS renormalization: counterterm to subtract (1/ǫ+ γE − ln 4π)

SR
o.s.(p) ∼

i

6 p−mpole
; SR

MS
∼ i

6 p−mMS − (A−B)mMS

MSR masses in terms of an infrared scale R, e.g. µF , m̄(µ), etc., in SCET (A.Hoang et al)

mMSR(R) = mpole − Σfin(R,µ) for R < m

mMSR
t (R) → mpole for R → 0 ; mMSR(R) → m̄t(m̄t) for R → m̄t(m̄t)

dmpole

d lnµ
= 0 ⇒ dmMSR(R,µ)

d lnµ
= −Rγ[αS(µ)]
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Higher-order corrections to the self energy in the infrared limit

QQQ

Σ ∼ mpole

∑

n

αn
S (2β0)

n n! ⇒ renormalon

δmpole ≈ O(Λ)

Relation pole/MS mass at 4 loops [m̄ = m̄(m̄)] (Marquard et al, PRL’15)

For top quarks:

mpole = m̄[1+0.42 αS+0.83 α2
S+2.37 α3

S+(8.49±0.25) α4
S] ; ∆mpole,MS ≃ 195 MeV

Renormalon calculation - large-n expansion: (M.Beneke’94)
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Can be used to predict higher orders:

mpole = (163.63 + 7.56 + 1.62 + 0.50 + 0.19 + 0.10 + . . . ) GeV

Minimum at n ∼ 8-9: ∆m ≈ |r8α8
S − r9α

9
S| ≈ 70 MeV - below LHC uncertainty

Check with method based on Borel summation (Beneke, Marquard, Nason, Steinhauser, ’16)
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Measured mass must be close to mpole: top-decay kinematics is driven by mpole

1

[(pW + pb)
2 − m2

t ]
2 + m2

tΓ
2
t

∼ 1

π
δ[(pW + pb)

2 − m
2
t ] for Γt ≪ mt

Reconstructed mass p2 = (pb−jet+pν+pℓ)
2 (with cuts on jets and leptons) with on-shell

tops should be close to the pole mass, up to widths and higher-order corrections

Colour-reconnection effects can spoil this picture

 is > 1 GeV, top decays before 
hadronizing. Extra antiquarks must be 
added to the top-quark decay final state 
in order to produce the physical state 

top, 
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Left: M.Mangano, TOP’13 (HERWIG cluster model), Right: S.Argyropoulos, LNF’15 workshop (PYTHIA string model)

Leptonic observables without reconstructing top decay products minimize such effects
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Calibrating the MC mass: measure an observable ξ without any assumption on mMC
t ,

compare it with Monte Carlo simulations and fit ξ and mMC
t (Talk by J.Kieseler)

Attempt to address the MC mass using the SCET formalism Q ≫ mt ≫ Γt ≫ ΛQCD
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Factorization theorem (e+e− → tt̄): A.H. Hoang and I.Stewart ’08
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HQ, Hm: hard scattering; B±: jet function; S: soft function

Jet mass as MSR mass with R ∼ Γt and µ ∼ Q0 ∼ O(1 GeV) ⇒ MC mass

mJ(µ) ∼
[

d ln B̃(y, µ)

dy

]

y=−ie−γE/R

⇒ mpole = mJ(µ) + e
γEΓt

αS(µ)CF

π

(

ln
µ

Γt
+

1

2

)

+ O(α
2
S)

Q0 ∼ 1-2 GeV ⇒ mpole −mJ(Q0) ≃ 150-200 MeV, m̄t(m̄t) = 163.0± 1.3±+0.6
−0.3 GeV
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Calibrating PYTHIA mass vs resummation using mMSR for e+e− → tt̄ Butenschoen et al,’16

and the total uncertainty, all in GeV.

m
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t ¼ 173 GeV (τe

þ
e
−

2
)

Mass Order Central Perturb. Incompatibility Total

m
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t;1 GeV

NLL 172.80 0.26 0.14 0.29

m
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m
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m
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FIG. 3. Dependence of the NNLL fit result for the MSR mass

on the input

calibration uncertainty. The red solid lines correspond to the

weighted average of the individual results. The red shaded area

shows the average of the individual uncertainties.

PYTHIA mass compatible with mMSR
t (1 GeV)

Discrepancy between mpole
t and mMC

t at the level of 600-900 MeV (central values)

e+e− collisions and an observable
(

τ2 = 1−max
∑ |~nt·~pi|

Q

)

not investigated at LHC

8



Other attempts: run HERWIG with top-hadron states (G.C., TOP’15 proceedings):

Pretend that top quarks hadronize into T±,0 mesons and decay via the spectator model

From a given observable R extract the Monte Carlo mass mMC
t,T

Study the same observable R with standard top samples, get mMC
t and compare the

extracted masses : mMC
t,T = mMC

t +∆m

In the hadronized samples, the T -meson massMT can be related to pole orMS top-quark
masses by using lattice, potential models, NRQCD, etc.: MT = mt +mq +∆mt,T

Spectator model decays: T− → (b̄d)ℓ−ν̄ℓ +X . . . p2T = (pb̄ + pW + pq + pX)2

t̄ b̄

d d

T−

Spectator does not radiate, few events where the b quark does not emit

b̄ tends to form clusters with spectator quarks with invariant mass closer to (pT − pW )2

with respect to standard top decays
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pp collisions at
√
s = 8 TeV, dilepton channel, kT algorithm, R = 0.7, pT,j > 30 GeV,

pT,ℓ > 20 GeV, MET> 20 GeV, |ηj,ℓ,ν| < 2.5 (HERWIG 6.510, preliminary)

In progress: relate 〈∆mjl,Bl〉 with ∆mt,T and using PYTHIA
10



Alternative methods: mt from NNLO+NNLL σ(pp → tt̄) (Czakon, Fielder and Mitov, ’13):

σtot =
∑
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Figure 9: Likelihood for the predicted dependence of the tt production cross section on the top
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February 2017Top-quark pole mass measurements

Mild dependence on MC mt; ∆(αS,PDF, µ) ≃+0.9
−1.1 GeV, ∆(fit) ≃+2.1

−2.0 GeV (13 TeV)

Larger errors than standard methods, but larger statistics are expected in Run 2

Late extension to NNLO distributions and prospects to include decays (D.Haymes’ talk)
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NLO calculation of tt̄+jet cross section with the pole mass (S.Dittmaier et al.,’07)

Matching with shower and hadronization through POWHEG+PYTHIA (S.Alioli et al,’13)   !      !     !    !  !!!  !  !!!   ! 
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Extracting top running mass from NNLO tt̄ cross section (M.Dowling and S.Moch’14)
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Using the MS mass seems to yield a milder scale dependence

Scale variation: 1/2 < µ/mpole < 2; 1/2 < µ/m(m) < 2, µ = µF = µR

ABM fit: m̄t(m̄t) = 162.3± 2.3 GeV; mpole
t = 171.2± 2.4 GeV
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Endpoint method (CMS): in dilepton channels, the endpoint of ℓ+b-jet, ‘ℓℓ’ or ‘bb’
invariant mass distributions are sensitive to mt
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Minimizes generator impact since b-jet calibration uses data; theory error mostly due to
colour reconnection effects

As it is based on kinematic constraints, the measured mt must be close to the pole mass

Interesting to compare with POWHEG with NLO top decays and approximate Γt effects
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Conclusions

Top-quark mass is a fundamental SM parameter

Standard reconstruction methods at LHC have reached 0.5% precision

Measured mass close to the pole mass, with renormalon ambiguity even below 100 MeV,
after 4-loop calculation of pole vs. MS mass relation

Ongoing work using SCET formalism with MSR mass and simulating fictitious T -hadrons
may help to shed light on deviations from the pole mass

Higher statistics at Run 2 will reduce the uncertainty on pole mass from σtt̄ and σtt̄+j

to about 1 GeV

Theoretical uncertainties on pole vs. MC mass relation expected to go down thanks to
novel higher order calculations and width effects implementation in NLO+shower codes

Top-quark phenomenology on the road to become precision physics

Small and understood theory errors and a clear relation between MC and pole masses
should be reachable in the near future

15


