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Top mass measurements

Top mass is not a physical observable, but a Lagrangian parameter and has to be defined through a well
defined theoretical prescription: a renormalization scheme
• Top mass is an essential element in the

consistency tests of the SM, indirect searches
for BSM physics and electroweak precision fits.
[Buttazzo, et al., 2013][Andreassen, et al. 2014]
[M. Baak, et al. (Gfitter Group), 2014]

• Direct top mass the most precise but depends
primarily on the MC parton shower and
hadronization model:
mMC
t = 172.26± 0.61GeV [CMS, 1812.10534],

mMC
t = 172.69± 0.48GeV [ATLAS, 1810.01772],

mMC
t = 174.34± 0.64GeV [Tevatron, 1407.2682]

No field theoretic definition of mMC
t exists

• Indirect cross section measurements not precise
enough due to poor shape dependence:
mpole
t = 172.9+2.5

−2.6 GeV [ATLAS, 1406.5375]

mpole
t = 172.7+2.4

−2.7 GeV [CMS, 1701.06228]

4

FIG. 3. Gauge dependence of the SM potential at its maxi-
mum with mpole

h = 125.14 GeV and mpole
t = 173.34 GeV.

approach at 1-loop. Decent fits are (12)
�
V 1-loop, trad.

max

�1/4 ⇡ (2.50 ⇥ 109 GeV)e�0.02⇠t+0.0003⇠2
t

⇣
�V 1-loop, trad.

min

⌘1/4

⇡ (3.08 ⇥ 1029 GeV)e0.001⇠t�0.0001⇠2
t

The consistent gauge-invariant values at NLO are

�
V NLO

max

�1/4
= 2.88 ⇥ 109 GeV (13)

�
�V NLO

min

�1/4
= 2.40 ⇥ 1029 GeV

Note that �Vmin corresponds to an energy density well
above the Planck scale. Thus, the potential at the mini-
mum will surely be e↵ected by quantum gravity and pos-
sible new physics not included in our calculation. Previ-
ous analyses have defined stability to be Planck-sensitive
if the instability scale ⇤I > MPl [1, 2]. As we have ob-
served, the instability scale is gauge dependent, so this
is not a consistent criterion. An alternative criterion is
that new operator, such as O6 ⌘ 1

⇤2
NP

h6 be comparable

to Vmin when h = hhi. Although O6 and Vmin are gauge-
invariant, the value of O6 at the field value h where the
minimum occurs is gauge dependent, so this condition
is also unsatisfactory. A consistent and satisfactory cri-
terion was explained in [13]: the new operator must be
added to the classical theory and its e↵ect on Vmin eval-
uated.

Adding O6 to the potential, we find that the the po-
tential is still negative at its minimum in the SM even
for operators with very large coe�cients. For example,
taking ⇤NP = MPl = 1.22 ⇥ 1019 GeV, we find that
µmin

X = 6.0 ⇥ 1017 GeV and Vmin = �(1.1 ⇥ 1017 GeV)4.
Comparing to Eq. (13) we see that the energy of the true
vacuum is very Planck-sensitive.

More generally, a good fit is given by

Vmin = �(0.01⇤NP)4, ⇤NP & 1012 GeV (14)

When ⇤NP < 3.6⇥1012 GeV, Vmin becomes positive and
for ⇤NP < 3.1 ⇥ 1012 GeV the maximum and minimum
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FIG. 4. Boundaries of absolute stability (lower band, NLO)
and metastability (upper line, LO). The thickness of the
lower boundary indicates perturbative and ↵s uncertainty.
The theoretical uncertainty of the metastability boundary is
unknown. The elliptical contours are 68%, 95% and 99%
confidence bands on the Higgs and top masses: mpole

h =

(125.14±0.23) GeV and mpole
t = (173.34±1.12) GeV. Dotted

lines are scales in GeV at which Vmin can be lifted positive by
new physics.

disappear. Thus the stability of the Standard Model can
be modified by new physics at the scale 1012 GeV.

If we vary the Higgs and top masses in the Standard
Model, we can compute the boundary of absolute stabil-
ity. This bound is shown in Figs. 4 and 5. The dotted
lines show where Vmin becomes positive when in the pres-
ence of O6 for the indicated value of ⇤NP. Unexpectedly,
we find that three independent conditions (1) that Vmin

goes to zero, (2) that Eq. (5) have no solution, and (3)
that Vmin goes positive when ⇤NP = MPl all give nearly
identical boundaries in the mpole

h /mpole
t plane. Know-

ing that quantum gravity is relevant at MPl, we should
therefore be cautious about giving too strong of an in-
terpretation of the perturbative absolute stability bound
in the SM. We also show in this plot the metastability
bound, that the lifetime of our vacuum be larger than
the age of the universe. At lowest order this translates to
�( 1

R )�1 < �14.53 + 0.153 ln[R GeV] for all R [30]. Since
�(µ) is gauge invariant, so is this criterion. Although for
the Standard Model this approximation is probably suf-
ficient, it has not been demonstrated that the bound can
be systematically improved in a guage-invariant way [31].

In this paper, we have only discussed a single physical
feature of the e↵ective action: the value of the e↵ective
potential at its extrema. There is of course much more
content in the e↵ective action, especially when tempera-
ture dependence is included. Unfortunately, many uses
of the e↵ective action involve evaluating it for particu-
lar field configurations, a procedure that has repeatedly
been shown to be gauge-dependent. For example, the
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Fig. 2 Contours at 68 and 95 % CL obtained from scans of MW ver-
sus mt (top) and MW versus sin2θ"

eff (bottom), for the fit including MH
(blue) and excluding MH (grey), as compared to the direct measure-
ments (vertical and horizontal green bands and ellipses). The theoretical
uncertainty of 0.5 GeV is added to the direct top-mass measurement. In
both figures, the corresponding direct measurements are excluded from
the fit. In the case of sin2θ"

eff , all partial and full Z width measurements
are excluded as well (except in case of the orange prediction), besides
the asymmetry measurements

sin2θ"
eff and MW . The coloured ellipses indicate: green for

the direct measurements; grey for the electroweak fit with-
out using MW , sin2θ

f
eff , MH and the Z width measurements;

orange for the fit without using MW , sin2θ
f

eff and MH ; blue
for the fit without MW , sin2θ

f
eff and the Z width measure-

ments. For both figures the observed agreement demonstrates
the consistency of the SM.

Figure 3 shows CL profiles for the observable pair sin2θ"
eff

and MW , but with the theoretical uncertainty on the top mass
varied between 0 and 1.5 GeV, in steps of 0.5 GeV. Assuming
a value of δtheomt = 1.5 GeV, the uncertainty becomes dom-
inant. It underlines that a better assessment of the theoretical
mt uncertainty is of relevance for the fit.

2.4 Oblique parameters

If the new physics scale is significantly higher than the elec-
troweak scale, new physics effects from virtual particles in
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Fig. 3 Contours at 95 % CL obtained from scans of MW versus
sin2θ"

eff , with the top-mass theoretical uncertainty varied between 0
and 1.5 GeV in steps of 0.5 GeV, as compared to the direct measure-
ments (vertical and horizontal green bands). The corresponding direct
measurements are excluded from the fit

loops are expected to contribute predominantly through vac-
uum polarisation corrections to the electroweak precision
observables. These terms are traditionally denoted oblique
corrections and are conveniently parametrised by the three
self-energy parameters S, T, U [50,51]. These are defined to
vanish in the SM and are closely related to the ε1,2,3 param-
eters [52,53].

The S and T parameters absorb possible new physics con-
tributions to the neutral and to the difference between neutral
and charged weak currents, respectively. The U parameter
is only sensitive to changes in the mass and width of the
W boson. It is very small in most new physics models and
therefore often set to zero.

Constraints on the S, T, U parameters can be derived from
the global electroweak fit by calculating the difference of
the oblique corrections as determined from the experimental
data and the corrections obtained from an SM reference point
(with fixed reference values of mt and MH ). With this def-
inition significantly non-zero S, T, U parameters represent
an unambiguous indication of new physics.

For the studies presented here we use the SM reference as
MH,ref = 125 GeV and mt,ref = 173 GeV. We find

S =0.05 ± 0.11, T =0.09 ± 0.13, U =0.01 ± 0.11,

(4)

with correlation coefficients of +0.90 between S and T ,
−0.59 (−0.83) between S and U (T and U ). Fixing U = 0
one obtains S|U=0 = 0.06±0.09 and T |U=0 = 0.10±0.07,
with a correlation coefficient of +0.91. The constraints on S
and T for a fixed value of U = 0 are shown in Fig. 4. The
propagation of the current experimental uncertainties in MH
and mt upon the SM prediction is illustrated by the small
black area at about S = T = 0.
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 syst)± total (stat ± topm        Ref.s
WGtopLHCLHC comb. (Sep 2013) 7 TeV  [1] 0.88)± 0.95 (0.35 ±173.29 

World comb. (Mar 2014) 1.96-7 TeV  [2] 0.67)± 0.76 (0.36 ±173.34 

ATLAS, l+jets 7 TeV  [3] 1.02)± 1.27 (0.75 ±172.33 

ATLAS, dilepton 7 TeV  [3] 1.30)± 1.41 (0.54 ±173.79 

ATLAS, all jets 7 TeV  [4] 1.2)± 1.8 (1.4 ±175.1 

ATLAS, single top 8 TeV  [5] 2.0)± 2.1 (0.7 ±172.2 

ATLAS, dilepton 8 TeV  [6] 0.74)± 0.85 (0.41 ±172.99 

ATLAS, all jets 8 TeV  [7] 1.01)± 1.15 (0.55 ±173.72 

ATLAS, l+jets 8 TeV  [8] 0.82)± 0.91 (0.39 ±172.08 

ATLAS comb. (Oct 2018) 7+8 TeV  [8] 0.41)± 0.48 (0.25 ±172.69 

CMS, l+jets 7 TeV  [9] 0.97)± 1.06 (0.43 ±173.49 

CMS, dilepton 7 TeV  [10] 1.46)± 1.52 (0.43 ±172.50 

CMS, all jets 7 TeV  [11] 1.23)± 1.41 (0.69 ±173.49 

CMS, l+jets 8 TeV  [12] 0.48)± 0.51 (0.16 ±172.35 

CMS, dilepton 8 TeV  [12] 1.22)± 1.23 (0.19 ±172.82 

CMS, all jets 8 TeV  [12] 0.59)± 0.64 (0.25 ±172.32 

CMS, single top 8 TeV  [13] 0.95)± 1.22 (0.77 ±172.95 

CMS comb. (Sep 2015) 7+8 TeV  [12] 0.47)± 0.48 (0.13 ±172.44 

CMS, l+jets 13 TeV  [14] 0.62)± 0.63 (0.08 ±172.25 

CMS, dilepton 13 TeV  [15] 0.69)± 0.70 (0.14 ±172.33 

CMS, all jets 13 TeV  [16] 0.70)± 0.73 (0.20 ±172.34 
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Figure 7

Left panel: Top mass dependence of the reconstructed top invariant mass mreco
t obtained from top decays

into three jets from MMC simulations in Ref. (124) (ATLAS collaboration). Right panel: Collection of
recent LHC direct top mass measurements.

jet-lepton invariant mass M`b (dilepton tt̄ and single top events) and reconstructed top invariant

mass mreco
t (see left panel of Fig. 7) distributions are used. For the ideogram and matrix element

methods the likelihood for a whole reconstructed final state to be compatible with a tt̄ production

hypothesis is determined event-by-event. Both approaches rely fully on the PS and hadronization

components of MMCs for the theoretical description, so that it is the mass parameter mMC
t which

is extracted from the best fits or the highest cumulative likelihood. A summary of all state-of-

the-art direct top mass measurements is shown in the right panel of Fig. 7. The current world

average quotes mMC
t = 172.9 ± 0.4 GeV (1). The latest CMS and ATLAS combinations have

yielded mMC
t = 172.26 ± 0.61 GeV (122) (see (123) for a measurement using single top events),

and mMC
t = 172.69 ± 0.48 GeV (124), respectively. But I also want to recall the final Tevatron

combination which obtained mMC
t = 174.34 ± 0.64 GeV (125).10 As already mentioned, the M`b

and mreco
t variables employed for the template method are examples for observables whose MMC

description is not improved by the NLO matching. The ideogramm and matrix element methods are

based on observables of the same kind, because such observables have the highest mass sensitivity

for the reconstructed decay products. Significant work is invested in the determination of the

systematic uncertainties by the experimental collaborations. These e↵orts, however, do not provide

insights concerning the interpretation problem of mMC
t , which – as long as the issue is unresolved

– must be viewed as an additional systematic error in the relation of mMC
t to a top mass scheme

defined in field theory.

So-called pole mass measurements are based on the inclusive and di↵erential tt̄ cross sections,

for which theoretical parton level predictions expressed in the pole mass scheme from NNLO+NNLL

calculations for the total cross section �(tt̄ + X) (128) or NLO-matched MC generators for the

reconstructed tt̄+jet invariant mass Mtt̄j (129), (di)leptonic variables (130) and tt̄ invariant mass

Mtt̄ are available. A summary of these measurements is shown in the right panel of Fig. 8, and

the current world average quotes mpole
t = 173.1 ± 0.9 GeV (1). The inclusive tt̄ cross section

and the invariant masses Mtt̄ and Mtt̄j (away from the lower threshold at 2mt) are examples of

observables where the top mass sensitivity is indirect, i.e. exclusively tied to hard interactions.

For them, parton level predictions at NLO (or higher) and NLO-matched MC generators carry

NLO information on the mass scheme. Furthermore, for these observables the resolution scale

R for the QCD dynamics governing the mass sensitivity (see Fig. 4) is of order or larger than

mt. One can therefore expect that the theoretical errors of the parton level prediction may be

further reduced when even higher order fixed-order or resummed calculations become available or

when the MS top mass scheme is employed. Inclusive cross section measurements yielded mpole
t =

172.9+2.5
�2.6 GeV (ATLAS, 7 and 8 TeV data) (131), mpole

t = 173.8+1.7
�1.8 GeV (CMS, 7 and 8 TeV

data) (132) and mpole
t = 169.9+2.0

�2.2 GeV (CMS, 13 TeV data) (133).11 The relatively larger errors

in comparison to the direct measurements result from the uncertainty in the normalization of

the inclusive cross section (dominated by gluon luminosity uncertainties and renormalization scale

10I believe that much could be learned from knowing the reasons for the discrepancy between the Teva-
tron and the LHC measurements. The impact a recalibration of the jet energy scale for the Tevatron D0
lepton+jet direct mass measurement (126) was analyzed in Ref. (127).

11The analysis of Ref. (133) also studied the strong correlation between the extracted top mass, the value
of the strong coupling ↵s(MZ) and the employed set of parton distributions functions (134, 135, 136, 137).
The quoted lower value for mpole is based on a set of parton distribution functions (134) that is determined
in a simultaneous fit with ↵s. The associated range of ↵s values is below that of the world average. The
analysis also determined the MS top mass mt(mt) based on the calculations of Ref. (91).
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Figure 8

Left panel: Top mass dependence of the measured (black lines) and theoretical predicted (dark shaded

band) inclusive tt̄ cross section and the resulting best mpole
t fit range, from Ref. (132) (CMS collaboration)

based on LHC 7 and 8 TeV data. Right panel: Summary of recent pole mass measurements.

variation in the cross section fixed-order calculations) and its relatively weaker dependence on mt,

see the left panel of Fig. 8. A recent Mtt̄j measurement by the ATLAS collaboration yielded

mpole
t = 171.1+1.2

�1.1 GeV (138), which is more precise since the distribution exhibits a mass sensitive

broad hump. A measurement using leptonic distributions by the ATLAS collaboration obtained

mpole
t = 173.2 ± 1.6 GeV (139). It should be pointed out that for leptonic distributions the color

neutralization e↵ects I mentioned earlier indirectly a↵ect the momentum of the decaying W boson

and cannot be avoided. A CMS analysis including the total inclusive cross section, the Mtt̄ and

the top pair rapidity ytt̄ distributions and a simultaneous ↵s and gluon distribution fit obtained

mpole
t = 170.5±0.8 GeV (140) and poses some tension with the pole mass world average mentioned

above. For the latter analysis I would like to remark that the smaller error compared to the inclusive

cross section measurements above partly results from the inclusion of the Mtt̄ distribution which

is kinematically sensitive to the top mass in the threshold region Mtt̄ ⇡ 2mt. This is an issue

to be examined thoroughly for achieving reliable theoretical descriptions, because the theoretical

fixed-order calculations employed for the analysis to determine the top mass are based on the

approximation where Mtt̄ is defined from the 4-momenta of on-shell top quarks. On the other hand,

NLO-matched MMC descriptions, used to relate the reconstructed observable Mtt̄ distribution to

the theory calculation, do not have subleading QCD precision for Mtt̄ in the threshold region.

Furthermore, a large fraction of the tt̄ pairs is produced in color-octet configurations, for which the

e↵ects of soft QCD radiation are significant.

A number of alternative methods to measure mt have been proposed, which are based on

di↵erential cross sections with respect to alternative mass sensitive variables constructed from top

decay products. The observables include the MT2 variable and variants of it (141, 142), the shape

of b-jet and B meson energy distributions (143), the J/ and lepton invariant mass (144, 145),

secondary vertices from b quark fragmentation (145). They are also motivated having in mind

the kinematics of a decaying top particle. These observables are a↵ected by issues similar to the

direct measurements albeit with di↵ering systematics and leading to larger uncertainties. They

can also be seen as mMC
t measurements and are consistent with the direct measurements. Using

the fact that the sensitivity to soft and nonperturbative dynamics can be reduced by jet grooming

techniques (146, 147, 148, 149), it was suggested to use the mass of a fat and groomed boosted

top quark jet, for which factorized QCD predictions with field theoretical control of the top mass

scheme and nonperturbative e↵ects can be determined (79). In Ref. (150) the �� invariant mass

spectrum M�� was suggested as a top mass sensitive variable since it shows a glitch due to large

QCD phases and Coulomb bound state e↵ects when M�� ⇡ 2mt. Predictions of the �� mass

observable in principle allow to control the top mass scheme systematically, but I remark again

that LHC produces significant amounts of tt̄ pairs in a color-octet state. Due to the e↵ects of

radiation that is soft in tt̄ c.m. as well as the lab frame, precise and reliable predictions of M��

are therefore significantly more involved than for the analogoue tt̄ threshold cross section in e+e�

annihilation (29, 30), and are still to be achieved. Furthermore, the �� mass method requires

HL-LHC to be competitive with the current pole mass measurements uncertainties.

Overall, current direct and pole mass measurements show good mutual agreement, but the

discriminating power of the pole mass measurements is somewhat lower. One can expect that

the theoretical uncertainties of pole mass measurements may be further reduced when the corre-

sponding next higher order perturbative calculations or improved theoretical approaches become

available. An additional reduction of theoretical uncertainties may be achieved when, instead of the

pole mass scheme, appropriate scale-dependent short-distance mass schemes such as MS or MSR

are employed. This should, however, also be accompanied with some substantially increased un-

14 André H. Hoang

Here we explore a first principles hadron-level prediction for a differential top mass sensitive observable.
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Soft drop jet mass is robust and enables analytical calculations

Considerations for groomed top jets: [Hoang, Mantry, AP, Stewart
1708.02586]

1. We need to be inclusive over the top decay products and
achieve that by considering sufficiently boosted tops.

2. Need to get rid of wide angle soft radiation as much as
possible: correlated with rest of the event, enhanced
hadronization effects, underlying event.

Achieve this via:
• Measure the jet mass of boosted groomed top jets in the

peak region: M2
J −m

2
t ∼ mtΓt

• Use soft drop. [Larkoski et al. 1402.2657]

min(pTi , pTj )
pTi + pTj

> zcut

(∆Rij
R0

)β

Rg
<latexit sha1_base64="MXwepvOt0wM6gXNXM+5nehmDVWo="></latexit>

t
<latexit sha1_base64="vOk0jWbVG00BLmm1YjS2g8UApsQ="></latexit>

q3
<latexit sha1_base64="wNN6k34LDSTAMW9YLSIyqw2pJBw="></latexit>

q2
<latexit sha1_base64="k+BJa/UyMx3YodB55eXg9mM2YTs="></latexit>

q1
<latexit sha1_base64="g5PX+AHSrfM3U4+g/oyv1z6CwmY="></latexit>

Underlying Event
Contamination

<latexit sha1_base64="bpEJhJVcV7Vp//1by/+BhXGJvbo="></latexit>

Wide Angle
Soft Emissions

<latexit sha1_base64="TVPLuGewmkaNDpnpUh3XW8eSruc="></latexit>

Collinear-Soft
Emissions

<latexit sha1_base64="kQB6lMLRhoa5rm/U+NXkuWmoUSc="></latexit>

Hadronization
<latexit sha1_base64="6fuuL/kwgfeN0ERAZbwK7/A6aOs="></latexit>

Top Decay
<latexit sha1_base64="HBrz1S+PGSTB6+xY+ArhfPwmEek="></latexit>
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Parton level factorization formula
Factorization for top quarks derived using SCET and HQET:
[Hoang, Mantry, AP, Stewart 1708.02586]

dσpart.(ΦJ )
dMJ

= N(ΦJ , zcut, β, µ)
∫
dh̃ P

(
h̃,
mt

Q

)
×
∫
d`+ JB

(
ŝt −

Q`+

mt
, δm,Γt, µ

)
S

(d)
c

[
`+, Qcut, θd, β, µ

]
+ Hadronization corrections

Depends on the angular separations of top decay products:

tan
θd

2
=
mt

Q
h

(
Φtd,

mt

Q

)
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Field theoretic description of hadronization corrections

1. Hadronization corrections in the perturbative region depend sensitively
on soft drop clustering:

jet
Collinear

Nonperturbative

Collinear Soft SDOE
region

rejected

kept

Soft

}
}

2. Factorization of leading nonperturbative corrections:
[Hoang, AP, Mantry, Stewart 1906.11843]

dσhad
κi

dm2
J

=
dσ̂κi

dm2
J

−QΩ◦◦1κiκj
d

dm2
J

(
C
κi
1 (m2

J , Q, zcut, β, R)
dσ̂κi

dm2
J

)
+
Q
(
Υκiκj1,0 + βΥκiκj1,1

)
m2
J

C
κi
2 (m2

J , Q, zcut, β, R)
dσ̂κi

dm2
J

Involves only three O(ΛQCD) constants! Depends on the nature of
parton κj stopping the soft drop groomer

3. C1 and C2 capture the entire kinematic dependence:

Cκ1 (m2
J ) =

1
〈1〉(m2

J )

〈
θg

2

〉
, Cκ2 (m2

J ) =
m2
J/Q

2

〈1〉(m2
J )

〈
2
θg
δ
(
zg − zcutθ

β
g

)〉

Collinear soft

Collinear
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Calculation of the Wilson Coefficients
Calculate C1 and C2 moments from the double differential cross section:
[AP, Vaidya, Stewart, Zoppi 2020]

Cκ1 ≡
(
dσ̂κ

dm2
J

)−1
∫
dθg

θg

2
d2σ̂κ

dm2
Jdθg

,

Cκ2 ≡
(
Nκ

dσ̂κ

dm2
J

)−1
∫

dθg
m2
J

Q2
2
θg

d

dε

[
Nκ(ε)

d2σ̂κ(ε)
dm2

Jdθg

∣∣∣
θg∼θ?g

]∣∣∣
ε→0

.

The doubly differential cross section allows us to achieve NLL′ accuracy for
the Wilson coefficients:

The framework can also be used to stress-test the MC hadronization
models. [Ferdinand, Lee, AP (in progress)], and assess prospects for αs
measurements [Hannesdottir, AP, Schwartz, Stewart (in progress)].
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Nonperturbative power corrections for groomed top jets

Nonperturbative power corrections for top quarks can be described via a
more differential distribution: [Hoang, Mantry, Michel, AP, Stewart]

dσHad.(ΦJ )
dMJ

=
dσPart.(ΦJ )

dMJ

+
∫

dk+dθgdh
k+θg

2

(
dσ̂

dMJdθgdh
δ

(2mth
Q
− θg

)
F t◦◦(k+)

+
[

Θ
(
θg −

2mt
Q

h

)
dσ̂

dMJdθgdh

]
+
F qg◦◦ (k+)

) px/p0
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Hadron level cross section for groomed top jets

Assuming Ω◦◦1qg ∼ Ω◦◦1t we can write down a simplified form:

dσHad.(ΦJ )
dMJ

= N(ΦJ , zcut, β, µ)
∫
dh̃ P

(
h̃,
mt

Q

)∫
d`+ JB

(
ŝt −

Q`+

mt
, δm,Γt, µ

)
×
∫
dk+ Sqc

[(
`+−max

{
C
q(pp)
1 (mtŝt),

mth̃

Q

}
k+
)
Q

1
1+β
cut , β, µ

]
× F q◦◦(k+)

{
1−Θ

(
C
q(pp)
1 (mtŝt)−

mth̃

Q

)
Qk+

mt

dC
q(pp)
1 (mtŝt)
dŝt

}
NLL result:
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Precise Interpretation of MC top mass in ATLAS Monte Carlo
Relation between mMC

t in nominal Powheg+Pythia8 and mMSR
t :

mMSR
t (R = 1 GeV) = 172.42± 0.1 GeV , Ω◦◦1q = 1.49± 0.03 GeV , x2 = 0.52± 0.09

mMC
t = mMSR

t (R = 1GeV) + 80+350
−400MeV

mMC
t = mPole

t + 350+300
−360 MeV
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[ATL-PHYS-PUB-2021-034; ATLAS, STA’s: Hoang, Mantry, AP, Stewart]
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Precise Interpretation of MC top mass in ATLAS Monte Carlo
[ATL-PHYS-PUB-2021-034; ATLAS, STA’s: Hoang, Mantry, AP, Stewart]

Uncertainty breakdown:

Source of Uncertainty size [MeV] comment
Theory + 230/-310 Envelope of NLL scale variations
Fit methodology ± 190 fit range, pT bins
UE model ± 155 A14 eigentune variations,

CR models
Observable definition ± 200 zcut = 0.01, 0.005, 0.02, β = 1, 2,

Anti-kt / XCone jets

Calibration for Powheg+Herwig7 consistent with Pythia despite very different
shapes!

mMSR,P8
t (R = 1 GeV) = 172.42± 0.1 GeV

mMSR,H7
t (R = 1GeV) = 172.27± 0.09 GeV

Ω◦◦,H7
1q = 1.9± 0.07 GeV , xH7

2 = 0.98± 0.12
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Including NLO corrections

Including the NLO perturbative ingredients brings down uncertainty to half the size.
[Hoang, Mantry, Michel, AP, Stewart]
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Conclusions

1. Hadron level prediction using only one extra parameter Ω◦◦1q .

2. Calibration performed to hadron level MC: Ω◦◦1q properly absorbs all the nonperturbative physics

3. MC top mass compatible with mMSR
t (R = 1). Compatible mt calibration between Pythia8 and Herwig7

despite very different shapes.
4. Future goals to explore cross section in bins of the decay angle.
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Thank you
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Backup slides
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Impact of renormalon subtractions
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Accounting for the Underlying Event

Describe the underlying event in terms of radiation per unit area (and no shape function)
[Cacciari, Salam, Soyez, 2008], [Ferdinand, Lee, AP]

dσUE
κ

dm2
J

= dσhad
κ

dm2
J

− Ω◦◦1UE
d

dm2
J

(
C
κ(2)
1 (m2

J) dσ̂κ
dm2

J

)
+ (1 + β)

QΥ−1UE
m2
J

C
(2)κ
2 (m2

J) dσ̂κ
dm2

J

− βQΥ⊥1UE
m2
J

C
(1)κ
2 (m2

J) dσ̂κ
dm2

J

,

C
κ(n)
1 (m2

J) ≡ 1
〈1〉(m2

J)

〈(
θg
2

)n〉
(m2

J) , C
κ(n)
2 (m2

J) ≡ m2
J

Q2
1

〈1〉(m2
J)

〈(
θg
2

)n
δ(zg − zcutθ

β
g )
〉

(m2
J) .

The various moments account for ALL the ΦJ , zcut, β and R dependence of the UE.
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Future directions: Accounting for Underlying Event
[J. Aparisi Pozo, Le Blanc, AP, M. Vos]

Hadronization corrections
dσhad
κ

dm2
J

=
dσ̂κ

dm2
J

−QΩ◦◦1κ
d

dm2
J

(
Cκ1 (m2

J )
dσ̂κ

dm2
J

)
Cκ1 (m2

J ) ∼
〈
θg(m2

J )/2
〉

Underlying event contribution
d∆σUE

dm2
J

=
−QΩ◦◦UE

1
m2
J

d

dm2
J

(
C
κ(2)
1 (m2

J )
dσ̂κ

dm2
J

)
C
κ(2)
1 (m2

J ) ∼
〈
θ2
g(m2

J )/4
〉
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• Consistently describes the pT dependence of the Underlying Event
• One extra parameter
• Can be constrained from b jets in the large R top jets.
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Future directions: Accounting for Underlying Event
Cannot simply extend the prescription for hadronization to account for UE:
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Multi-pT bins fits with MPI-on: without UE model
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C
(2)
1 coefficient consistently describes the pT dependence of the Underlying Event.
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