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What does top mass measurement entail?

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
[Hoang AH. 2020. What is the top quark mass? Annu. Rev. Nucl. Part. Sci. 70]

Top mass measurement

σexp = σ̂(Q,mX
t , αs(µ), µ; δmX ) + σNP(Q,ΛQCD)

Mass Scheme Comments

Short distance mass: mMS
t , mPS

t , mMSR
t Involves a nonzero counter term that

compensates for the linear IR sensitivity in σ̂

Pole mass, mpole
t leaves unphysical O(ΛQCD) corrections uncancelled

Monte Carlo Mass mMC
t A parameter in the MC simulation that is not mpole

t

[Hoang et al. 1807.06617]
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Direct vs. indirect measurements

Direct top mass meausrements

mMC
t = 172.26± 0.61 GeV [CMS, 1812.10534]

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

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

and velocities vt ⇠ 0.5. How this restriction a↵ects current top mass measurements is to the best

of my knowledge unknown and also not quantified for top mass measurements. Furthermore, the

parton level descriptions of top mass sensitive kinematic threshold structures provided by NLO-

matched MMC generators are not elevated to subleading QCD precision. This is because sharp

threshold structures are governed by soft and collinear radiation and hadronization e↵ects. Exam-

ples of observables subject to this issue are all kinematic observables reconstructed from a single

top quark such as its reconstructed invariant mass mreco
t or kinematic endpoint regions for variables

such as the lepton energy E` or the lepton and b-jet invariant mass Mb`. Also the reconstructed

tt̄ invariant mass Mtt̄ in the threshold region where Mtt̄ ⇡ 2mt is subject to this issue, due to soft

radiation e↵ects related to the tt̄ pair produced with small relative velocity in a color-octet state,

Coulomb binding corrections and coherence e↵ects in the simultaneous weak decay of the tt̄ pair. I

reiterate that observables with such threshold structures are responsible for the high top mass sensi-

tivity of the direct mass measurements. But it should in turn also be mentioned that NLO-matched

MMCs can provide NLO reliable parton level approximations for observables �̂ where the top mass

sensitivity is generated exclusively by hard interactions (referred to as observables with indirect top

mass sensitivity below Eq. (7)). Examples are the total cross section or the mass variables Mtt̄ and

Mtt̄j far above threshold. So if the NLO-matching procedure uses the identification mMC
t = mpole

t ,

a measurement of mMC
t from such hard interaction dominated observables can indeed be considered

as a pole mass measurement.

In this context, measurements of the top quark mass are more subtle than measurements of

physical observables (hadron and lepton momenta, lifetimes, hadronic and jet cross sections, . . . ).

This is because the top mass and its couplings are not physical observables, but theoretically defined

Lagrangian parameters. For their measurement the MMC employed has to provide perturbative

(�̂) and nonperturbative descriptions (�NP) separately consistent with QCD, such that the mass

and coupling parameters of the generator retain a definite and observable independent relation to

the QCD Lagrangian parameters. This relation is diluted or even lost to the extent that the tuning

compensates for conceptual deficiencies of the PS regardless of whether the MMC describes the

data well. This is particularly subtle for the top quark mass parameter mMC
t since the MMC has

to reliably simulate all color neutralization (linear in ⇤QCD) and finite-lifetime (linear in �t) e↵ects

consistent with the SM. This issue is the core of the MMC top mass interpretation problem related

to the direct top mass measurements. Only limited quantitative knowledge on this complex set

issues exists today.

3.3. Experimental analyses

The direct measurements are the most precise top quark mass extractions carried out at the

LHC. They are based on kinematic observables constructed from reconstructed top decay products

(light quark and b quark jets, leptons) for the di↵erent accessible top decay (semi-leptonic or

hadronic) and top production modes (tt̄ and single top events). For the template method the b-

Figure 6

Generic structure of a kinematic distribution with a top mass sensitive kinematic threshold structure in
the soft-collinear region (on the left side) obtained by NLO-matched MMCs (NLO+PS, red) and
unmatched MMCs (LO+PS, solid black). The distribution at NLO in QCD fixed-order perturbation
theory (NLO FO, solid green) is singular and diverges in the soft-collinear limit. The parton shower
evolution of the unmatched MMCs sums the leading logarithmic singular terms to all orders in fixed-order
perturbation theory leading to a physically meaningful approximation with Sudakov suppression in the
soft-collinear limit (LO+PS, solid black). The matching procedure adds the di↵erence between unmatched
MMC description expanded out to NLO (LO+PSNLO FO, dashed black) and the NLO QCD fixed-order
(NLO FO, solid green) results, both of which are singular, to the tail of the unmatched MMC distribution
in the region dominated by hard radiation events (gray area, on the right hand side). Since at the NLO
fixed-order level the first hard emission arises from the first emission generated by the PS, this elevates the
first hard PS emission of the NLO-matched MMCs (NLO+PS, red) to full NLO precision in QCD. Some
distributions have a tail on both sides of the soft-collinear region.

12 André H. Hoang

[Figure from Hoang 2004.12915]

Total cross section measurements

mpole
t = 172.9+2.5

−2.6 GeV [ATLAS, 1406.5375]

mpole
t = 172.7+2.4

−2.7 GeV [CMS, 1701.06228]

• Based on inclusive or exclusive
differential tt̄ cross sections [Czakon et al.

1303.6254; Alioli et al. 1303.6415]

• Away from kinematic thresholds and
dominated by normalization
uncertainty and relatively weaker
dependence on mt

• Here NLO and higher order FO
calculations are reliable
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Kinematic top mass extraction is more precise but at a cost

Direct top mass meausrements

mMC
t = 172.26± 0.61 GeV [CMS, 1812.10534]

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

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

and velocities vt ⇠ 0.5. How this restriction a↵ects current top mass measurements is to the best

of my knowledge unknown and also not quantified for top mass measurements. Furthermore, the

parton level descriptions of top mass sensitive kinematic threshold structures provided by NLO-

matched MMC generators are not elevated to subleading QCD precision. This is because sharp

threshold structures are governed by soft and collinear radiation and hadronization e↵ects. Exam-

ples of observables subject to this issue are all kinematic observables reconstructed from a single

top quark such as its reconstructed invariant mass mreco
t or kinematic endpoint regions for variables

such as the lepton energy E` or the lepton and b-jet invariant mass Mb`. Also the reconstructed

tt̄ invariant mass Mtt̄ in the threshold region where Mtt̄ ⇡ 2mt is subject to this issue, due to soft

radiation e↵ects related to the tt̄ pair produced with small relative velocity in a color-octet state,

Coulomb binding corrections and coherence e↵ects in the simultaneous weak decay of the tt̄ pair. I

reiterate that observables with such threshold structures are responsible for the high top mass sensi-

tivity of the direct mass measurements. But it should in turn also be mentioned that NLO-matched

MMCs can provide NLO reliable parton level approximations for observables �̂ where the top mass

sensitivity is generated exclusively by hard interactions (referred to as observables with indirect top

mass sensitivity below Eq. (7)). Examples are the total cross section or the mass variables Mtt̄ and

Mtt̄j far above threshold. So if the NLO-matching procedure uses the identification mMC
t = mpole

t ,

a measurement of mMC
t from such hard interaction dominated observables can indeed be considered

as a pole mass measurement.

In this context, measurements of the top quark mass are more subtle than measurements of

physical observables (hadron and lepton momenta, lifetimes, hadronic and jet cross sections, . . . ).

This is because the top mass and its couplings are not physical observables, but theoretically defined

Lagrangian parameters. For their measurement the MMC employed has to provide perturbative

(�̂) and nonperturbative descriptions (�NP) separately consistent with QCD, such that the mass

and coupling parameters of the generator retain a definite and observable independent relation to

the QCD Lagrangian parameters. This relation is diluted or even lost to the extent that the tuning

compensates for conceptual deficiencies of the PS regardless of whether the MMC describes the

data well. This is particularly subtle for the top quark mass parameter mMC
t since the MMC has

to reliably simulate all color neutralization (linear in ⇤QCD) and finite-lifetime (linear in �t) e↵ects

consistent with the SM. This issue is the core of the MMC top mass interpretation problem related

to the direct top mass measurements. Only limited quantitative knowledge on this complex set

issues exists today.

3.3. Experimental analyses

The direct measurements are the most precise top quark mass extractions carried out at the

LHC. They are based on kinematic observables constructed from reconstructed top decay products

(light quark and b quark jets, leptons) for the di↵erent accessible top decay (semi-leptonic or

hadronic) and top production modes (tt̄ and single top events). For the template method the b-

Figure 6

Generic structure of a kinematic distribution with a top mass sensitive kinematic threshold structure in
the soft-collinear region (on the left side) obtained by NLO-matched MMCs (NLO+PS, red) and
unmatched MMCs (LO+PS, solid black). The distribution at NLO in QCD fixed-order perturbation
theory (NLO FO, solid green) is singular and diverges in the soft-collinear limit. The parton shower
evolution of the unmatched MMCs sums the leading logarithmic singular terms to all orders in fixed-order
perturbation theory leading to a physically meaningful approximation with Sudakov suppression in the
soft-collinear limit (LO+PS, solid black). The matching procedure adds the di↵erence between unmatched
MMC description expanded out to NLO (LO+PSNLO FO, dashed black) and the NLO QCD fixed-order
(NLO FO, solid green) results, both of which are singular, to the tail of the unmatched MMC distribution
in the region dominated by hard radiation events (gray area, on the right hand side). Since at the NLO
fixed-order level the first hard emission arises from the first emission generated by the PS, this elevates the
first hard PS emission of the NLO-matched MMCs (NLO+PS, red) to full NLO precision in QCD. Some
distributions have a tail on both sides of the soft-collinear region.

12 André H. Hoang

[Figure from Hoang 2004.12915]

Current MC’s not adequate!

• PS not precise enough . NLL

• σNP and σ̂ not separately consistent with QCD

• massive PS assume boosted limit mt � pT
• mMC

t shown to be dependent on the shower-cut Q0 [Hoang et al. 1807.06617]
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What are our goals?

• Direct measurements alone leave us in darkness as to what the relation of mMC
t to any

well defined top mass scheme is. [Hoang, Plätzer, Samitz 1807.06617]

• Alternative top mass measurements rely on MC to perform resummation and/or
correct for hadronization effects in the kinematic threshold region and hence suffer from
the same problem [Lester, Summers hep-ph/9906349; CMS 1304.5783; Agashe et al 1603.03445; CMS 1608.03560]

• Indirect measurements are less precise than other methods that make use of kinematic
information of top quark decay products

Goals of this program

• focus on observablesa in the kinematic threshold region where resummation and
hadronization effects can be described in a field theoretic framework.

• Employ these observables to calibrate mMC
t and for direct comparison with data

aThreshold energy scan is a viable candidate but not the focus of this talk

6 / 25



Boosted top quarks in the threshold region
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Boosted top quark jets in the threshold region

Why boosted?

• Isolate (factorize) the soft-collinear dynamics in the threshold region from the underlying
hard process

• Isolate the top quarks from rest of the event activity

• Allow inclusive treatment of the collimated top-decay products
[Fleming et al. hep-ph/0703207, 0711.2079]
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Study jet mass in the peak region

• Jet mass (and other variants) of boosted top
jets as a benchmark observable:

M2
t =

(∑

i∈J
pµi

)2
, τ2 ≡ 1−maxn̂t

∑
i |n̂t · ~pi |
Q

• Soft collinear effective theory (SCET) to
resum logarithms in the region M2

J ∼ m2
t � Q2

• Heavy quark effective theory (HQET) to
describe the threshold region
M2

J −m2
t ∼ mtΓt � m2

t

• Nonperturbative corrections accounted
using the EFT framework in a field-theoretic
well defined way

J
H
E
P
0
8
(
2
0
1
6
)
0
2
5

f

H

I

I

J

f

1

2

3

s
soft, ultrasoft, 

or Glauber

−

+

J

J

G

cna

cnb

cn
U

cn

cn

Figure 2. Contributions from different infrared momenta to a hard scattering process at a hardon
collider.

ized form. Of the steps needed to prove hard scattering factorization, the most difficult is

the cancellation of contributions from the Glauber region which directly couple modes in

different regions together but which cannot be captured entirely by Wilson lines.

We will also see that there is a nontrivial interplay between the standard SCET interac-

tions and Glauber operators. Once Glauber operators are present there are also always soft

fields even in SCETI in addition to the ultrasoft fields.2 For example soft fields are respon-

sible for vacuum polarization of the Glauber gluon. The diagrams that cause the Glauber

vacuum polarization are shown in figure 3 in both full QCD and in SCET with Glauber

operators. The vacuum polarization is a clear example showing that Glauber gluons cause

interactions between the soft and collinear fields in SCET, in addition to giving an interac-

tion between n and n̄ collinear fields in different directions as discussed above in figure 1.

At leading power Glauber exchange can connect any two modes with different rapidities

but the same transverse momentum, {n, n̄, s}, as well as simultaneously all three of these.

Interestingly, because we formulate these operators in a gauge invariant fashion there are

no ghosts fields in the Glauber operators. So for example the soft gluon loop in figure 3b

produces the full 11CA/3 term in the logarithm related to the QCD β function that shows

up due to the running of the αs(µ) coupling in the tree level Glauber exchange graph of

figure 1. On the other hand, ultrasoft gluons do not couple to Glauber gluons directly

at leading power (nor to soft gluons). So the only new interactions with ultrasoft gluons

appear due to their coupling to collinear fields that show up in the Glauber operators.

In this paper we develop a set of operator based tools within SCET to address these

questions. We construct a Lagrangian that encodes all Glauber effects and show that it fits

seamlessly with the current tools used to study hard, collinear, and soft factorization in hard

scattering processes, without inducing double counting. We also explicitly demonstrate

the connection of this operator formalism to forward scattering phenomena by showing

that the one-loop rapidity renormalization of our operators yields gluon Reggeization at

the amplitude level, the BFKL equation at the cross section level, and reproduces the

shockwave picture.

2The presence of both soft and ultrasoft fields with Glauber operators in SCETI is akin to NRQCD as

formulated in ref. [62] with soft and ultrasoft modes. In NRQCD the soft modes are not radiated but play

a crucial role in correcting the potentials. In the case of SCETI forward scattering the softs also provide

virtual loop corrections to the Glauber exchange potential.
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FIG. 2: Sequence of effective field theories used to compute the top/antitop invariant mass distri-

bution in the peak region.

can freely propagate between the jets. The appropriate EFT for this situation is the Soft-

Collinear Effective Theory (SCET) [25, 26, 27, 28] with a nonzero top quark mass term [29],

which represents an expansion in λ ∼ m/Q ∼ 0.2 − 0.3. The leading order soft-collinear

decoupling [27] properties of SCET allows a factorization of the process into three sectors:

top jet dynamics, antitop jet dynamics, and dynamics of the soft cross talk between the top

and antitop jets, which corresponds quite intuitively to the situation pictured in Fig. 1. In

SCET the typical fluctuation of the jet invariant masses around the top mass are still of

order m, ŝt,t̄ ∼ m. Thus to describe invariant masses in the peak region ŝt,t̄ ∼ Γ the top

and antitop jets are finally computed in Heavy-Quark Effective Theory (HQET) [30] which

represents an expansion ŝ/m and Γ/m ∼ 0.01. We have in fact two copies of HQET, one

for the top and one for the antitop, plus soft interactions between them. In these EFT’s the

top decay can be treated as inclusive and is therefore described by the total top width term

Γ that acts as an imaginary residual mass term [10, 31]. Since HQET is usually understood

as being formulated close to the rest frame of the heavy quark without the soft cross-talk

interactions, we refer to these two EFT’s as boosted HQET’s (bHQET’s).1

At leading order in the expansion in m/Q and Γ/m we show that the double differential

invariant hemisphere mass distribution can be factorized in the form

(
dσ

dM2
t dM2

t̄

)

hemi

= σ0 HQ(Q, µQ, µm)Hm

(
m,

Q

m
, µm, µ

)
(3)

×
∫

d#+d#−B+

(
ŝt − Q#+

m
, Γ, µ

)
B−

(
ŝt̄ − Q#−

m
, Γ, µ

)
Shemi(#

+, #−, µ) ,

1 We adopt the acronym bHQET in cases where we wish to remind the reader that the residual momentum

components of the heavy quark in the e+e− c.m. frame are not homogeneous, and that additional gluon

interactions occur which are not simply the soft gluons of standard HQET.
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Factorization formula for massive 2-jettiness in e+e− collisions

In the threshold region 2-jettiness in boosted limit τ2 − 2m2
t /Q

2 � 1 behaves as the sum of
two hemisphere jet masses: [Bachu, Hoang, AP, Mateu, Stewart 2012.12304; Butenschoen et al. 1608.01318]

τ2 =
M2

t + M2
t̄

Q2
+O(τ2

2 )

with the following factorization formula valid:1 [Fleming et al. hep-ph/0703207, 0711.2079]

1

σ0

dσ

dτ2
= mt Q

2H
(5,6)
evol (Q,mt , %, µ)

∫
d`dk J

(5)
B,τ2

(ŝ, Γt , δm, µ) Ŝ (5)
τ2

(`− k, δ̄, µ) F (k − 2∆)

1Our analysis focuses on the peak region and systematically drops O(Γt/mt) power corrections
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Results at N3LL accuracy

Results at N3LL+O(α2
s ) accuracy show

good convergence and improved stability
of the peak position
[Bachu, Hoang, AP, Mateu, Stewart 2012.12304]
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Renormalons and power corrections

σexp = σ̂(Q,mX
t , αs(µ), µ; δmX ) + σNP(Q,ΛQCD)

QCD series are asymptotic and adopt divergent patterns at higher orders:

σ̂ =
∞∑

n=0

rnα
n
s ⇒ B[σ̂](u) =

∞∑

n=0

rn
un

n!
∼ #

n − 2u
+ . . . ⇒ σNP(Q,ΛQCD) ∼

(
ΛQCD

Q

)n

Perturbative series Scaling of power corrections

σ(e+e− → γ,Z → tt̄) σNP ∼ Λ4
QCD

Pole-MS mass relation, δm̄ = mpole
t − m̄t = m̄t

∑
n an
(αs(m̄t)

4π

)n
+O(ΛQCD)

Color reconnection σNP ∼ ΛQCD

Expressing a cross section in terms of pole mass introduces unphysical linear ΛQCD sensitivity!
[Beneke et al. 1605.03609; Hoang et al. 1706.08526]

12 / 25



Renormalon in the pole mass

MSR mass defined using MS coefficients

δm(R) = mpole
t −m

MSR,(5)
t (R) = R

∑

i=1

[
α

(5)
s (R)

4π

]i
a

(n`=5,nh=0)
i

[Hoang et al. 0803.4214, 1704.01580, 1706.08526]
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The red shaded regions represent the self-energy contributions absorbed into the pole mass mpole
t , MSR

mass mMSR
t (R) and MS mass m(µ). The pole mass absorbs all contributions down to vanishing momenta,

while MSR and MS masses absorb only contributions above scales R and µ, respectively. From Ref. (40).

implying that mt(µ) depends logarithmically on µ. In analogy to ↵s(µ) we can interpret µ as the

momentum scale (in a top resonance frame) above which all self-energy quantum corrections are

absorbed into mt(µ), see Fig. 2 for a graphical illustration. The MS mass is therefore not a↵ected by

low-energy or nonperturbative quantum fluctuations and called a ‘short-distance mass’. The term

Afin in Eq. (4), which is not absorbed into the renormalized mass, still appears in the perturbative

calculations of the process, and its ’bad’ linearly sensitive small momentum contributions are known

to cancel with other virtual (non-self-energy) corrections that are soft in a top resonance frame.

This can be explicitly checked for any parton level cross section for a physical process involving

top quarks considering the sum of all linear gluon mass terms as that displayed for Afin in Eq. (5)

coming from radiation that is soft in a top resonance frame. Setting µ to the physical scale of the

process governing the mass dependence of an observable, together with a proper scale setting for the

strong coupling, frequently yields good behavior for the perturbation series of �̂. The interpretation

of mt(µ) mentioned above, however, only applies for observables where µ ⇠> mt, which includes e.g.

total inclusive cross sections at very high energies Q � mt or when the top e↵ects are virtual such

as for the SM Higgs potential (6, 7, 8, 9, 10), the electroweak precision observables (1, 38) or the

properties of B mesons (39). Such observables can have a strong indirect top mass sensitivity, but

not a kinematic mass sensitivity.

As already pointed out in Sec. 1, observables with kinematic mass sensitivity are related to

distributions of variables that show sharp threshold patterns such as resonances, shoulders or end-

points. Even though these patterns are initiated by hard reactions involving the large scales mt

or Q, the observable mass dependence is in addition modified by dynamical QCD and electroweak

quantum e↵ects. The momentum scales governing these quantum e↵ects are, however, soft, i.e.

much smaller than mt. I refer to this momentum scales generically as the scale ‘R’. So for observ-

ables with kinematic mass sensitivity we typically have R ⌧ mt. The prototypical example is the

invariant mass of jets coming from the hadronic decay of a top quark. Here, the scale R governing

the soft quantum e↵ects I have been talking about is set by the width of the resonance visible in

the invariant mass distribution. It is bounded from below by the top width �t or the experimental

resolution. The left panel of Fig. 7 shows the top mass dependence of the reconstructed top invari-

ant mass mreco
t from LHC simulations carried out in Ref. (124). From the distribution we can see

that here we have R ⇠ 30 GeV. The high mass sensitivity arises from the location of the resonance

structure. While the basic location and existence of the resonance is tied to the top quark mass,

which is large, the details of the resonance shape, its width and the exact location is governed in

addition by low-energy QCD and electroweak e↵ects. Observables of this kind are the basis of the

direct top mass measurements.

To define an adequate scale dependent short-distance mass for observables where the mass

sentivity is a↵ected by QCD dynamics with momentum scales R < mt, one switches to an e↵ective

description in analogy to the well-known Foldy-Wouthuysen transformation (41). Here the virtual

o↵-shell and hard top quark quantum e↵ects are also absorbed into the mass (or ‘integrated out’),

but without absorbing the soft top quark dynamics. A mass scheme that realizes this concept is

the MSR scheme mMSR(R) (42, 43, 40) defined for R < mt by the relation

mMSR
t (R) = m0

t

⇢
1 +

⇣↵s(R)

⇡

⌘
1

✏
+ ln(4⇡e��E ) + Afin(m0

t /R)

��
� R

⇣↵s(R)

⇡

⌘
Afin(1) + . . . . (8)

The MSR mass absorbs self-energy corrections coming from scales above R (see again Fig. 2 and

6 André H. Hoang

[mpole
t −mMSR

t ]|β0/LL =
a1

2β0
R
∞∑

n=0

(β0αs(R)

2π

)n+1
n!

When using MSR mass scheme, this divergent piece cancels against other non-self energy
corrections in the cross section. [Jain et al. 0801.0743; Fleming et al. 0711.2079; Hoang et al. 1807.06617]

J
(5)
B,τ2

(ŝτ , Γt , δm, µB) =

∫
dŝ ′

π

2Γt
(2Γt)2 + (ŝτ − ŝ ′)2

J
(5)
B,τ2

(ŝ ′ − 4δm, Γt = 0, µB)
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Renormalon in the soft function

The leading nonperturbative corrections occur in the soft sector

Sτ2(`, µS) =

∫ `

0
dk Ŝ (5)

τ2
(`− k , δ̄ = 0, µS)F (k − 2∆)

OPE in the tail region:

Sτ2(`� ΛQCD, µS) = Ŝ (5)
τ2

(`, δ̄ = 0, µS)− 2Ω1 Ŝ
(5)′
τ2

(`, δ̄ = 0, µS) + . . .

Partonic Soft function and Ω1 have O(ΛQCD) renormalon in MS scheme:[hep-ph/0003179; 0709.3519]

B
[
Ŝ (5)
τ2

(`, µ)
](

u ' 1

2

)
= µ

16CF e
−5/6

πβ0(u − 1
2 )

∂

∂`
S (5)
τ2

(`, µ)

Cure this renormalon by adopting a new scheme

Ω1(Rs) = Ω1 − δ̄(Rs) , δ̄(Rs) ≡ Rs

2
log

[
S̃ (5)
τ2

(
1

Rs
, δ̄ = 0,Rs

)]
, ∆(Rs) = ∆− δ̄(Rs)
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A rather surprising result

A first comparison of fully gap+mass subtracted result shows comparable uncertainties as the
unsubtracted cross section

Does that mean renormalon subtractions play no significant role?
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Behind the scenes cancellation of two renormalon effects

The two renormalons go in opposite
directions and the unsubtracted result
involves partial cancellation
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Peak position and uncertainties

Peak position directly sensitive to the top mass.
[Bachu, Hoang, AP, Mateu, Stewart 2012.12304]

Uncertainties at Q = 700 GeV
• MSR + gap subtracted result: ± 85 MeV

• Pole mass + no gap sub: ± 150 MeV

• MSR + gap subtracted results are more
precise.

• Shows that we need higher orders to estimate
pole mass below the ambiguity ∼ 160 MeV.
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Groomed top jets at the LHC
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Grooming boosted top quark jets

Soft drop criteria: [Larkoski et al. 1402.2657]

min(pTi
, pTj

)

pTi
+ pTj

> zcut
(∆Rij

R0

)β

Jet grooming for fat top jets

• Reduces effects of underlying event, pile up and
hadronization

• Decouples the jet from the rest of the event

• Complicates considerations of the inclusive treatment
[Hoang, Mantry, AP, Stewart 1708.02586]
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We aim for a direct comparison with data.
[Aparisi Pozo, Hoang, Leblanc, Mantry, AP, Roloff, Stewart, Vos, ATLAS (in progress)]
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Factorization for groomed top quark jets

Factorization at NLL
[Hoang, Mantry, AP, Stewart 1708.02586]

dσNLL(ΦJ)

dMJ
= N(ΦJ , zcut, β, µ)

∫
dh̃ P

(
h̃,

mt

Q

)∫
d`+ JB

(
ŝt −

Q`+

mt
, δm, Γt , µ

)

×
∫
dk+ Sq

c

[(
`+−max

{
C

q(pp)
1 (mt ŝt),

mt h̃

Q

}
k+

)
Q

1
1+β

cut , β, µ

]

× F q
◦◦(k

+)

{
1−Θ

(
C

q(pp)
1 (mt ŝt)−

mt h̃

Q

)Qk+

mt

dC
q(pp)
1 (mt ŝt)

dŝt

}

Work in progress on including NLL + O(αs) corrections
[Hoang, AP, Mantry, Michel, Stewart]
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Soft drop jet mass is robust and enables analytical calculations

[Hoang, Mantry, AP, Stewart 1708.02586]
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Field theoretic treatment of nonperturbative corrections

[Hoang, AP, Mantry, Stewart 1906.11843; AP, Stewart, Vaidya, Zoppi 2012.15568 ]

NP effects in soft drop jet mass

dσhadκ

dm2
JdΦJ

=
d σ̂κ

dm2
JdΦJ

− Q Ω◦◦1κ
d

dm2
J

(
Cκ1 (m2

J ,Q, zcut, β,R)
d σ̂κ

dm2
JdΦJ

)

+
Q
(
Υκ

1,0 + βΥκ
1,1

)

m2
J

Cκ2 (m2
J ,Q, zcut, β,R)

d σ̂κ

dm2
JdΦJ
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Underlying Event can also be accounted for

[J. Aparisi Pozo, AP, M. Vos]

Hadronization corrections

dσhadκ

dm2
J

=
d σ̂κ
dm2

J

− Q Ω◦◦1κ
d

dm2
J

(
Cκ1 (m2

J)
d σ̂κ
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)
d σ̂κ
dm2

J

)

C
κ(2)
1 (m2

J) ∼
〈
θ2
g (m2

J)/4
〉
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Conclusions

1. Direct measurements and other measurements using top kinematic threshold structures
rely on MC for resummation and hadronization, leading to top mass interpretation
problem.

2. Using EFT’s in boosted limit allow for accounting for subleading QCD quantum
corrections in the threshold region.

3. Our N3LL study in the peak region of the 2-jettiness distribution underscores importance
of using short distance mass scheme and renormalon subtractions.

4. A field theory based treatment of groomed top jet cross section enables direct comparison
with data and a kinematic extraction of the top mass in a well defined scheme.
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Thank you
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