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Introduction

Soft Drop

Studies of boosted objects at the LHC and the need to reduce contamination from the underlying event
and pile-up led to development of jet grooming.

}
}
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Calculating Mass?
Larkoski, Marzani, Soyez, Thaler 2014

Pythia8, partonic Pert QCD at ~ NLL

m2/pT2 m2/pT2

Soft Drop

Soft drop grooming involves reclustering a jet with purely angular measure (CA clustering) and selectively
throwing away the softer branches.

Soft Drop criteria:

min[pTi , pTj ]

(pTi + pTj )
> zcut

(Rij

R0

)β
Larkoski, Marzani, Soyez, Thaler 2014
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Soft Drop
Larkoski, Marzani, Soyez, Thaler 2014

Grooms soft radiation from the jet

two grooming parameters

Groomed jet Groomed Clustering tree

The criteria is IR safe for β > 0 and Sudakov safe for β = 0 (calculable after performing resummation)
Larkoski, Thaler 2013
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Introduction

How well do we understand the groomed spectrum in theory?

Partonic resummation of groomed jet mass is well understood:

(a) (b)

Figure 9: Direct comparison of hadron-level output from Herwig++, Pythia, and Vincia

already shown in Figs. 7 and 8. Soft drop is performed with zcut = 0.1 and both � = 0 (left)

and � = 1 (right). Curves are displayed as relative di↵erences between Monte Carlo output

and our matched NNLL predictions, with theoretical uncertainties shown as a shaded band.
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Figure 10: Perturbative NNLL results for soft-drop groomed e
(2)
2 with zcut = 0.1 and � =

0 (left) and � = 1 (right), compared to analytic results that include the shape function

of Eq. (6.2) for modeling hadronization, and compared to hadron-level Monte Carlo. The

parameter ⌦ = 1 GeV. Note that, qualitatively, the shape function produces a hadronization-

bump similar to those seen in the Monte Carlos.

by Ref. [96]:

Fshape(✏) =
4✏

⌦2
e�2✏/⌦ . (6.2)

– 33 –
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Figure 6. The results for the fixed order and resummed differential cross section of the plain and soft-
dropped thrust for e+e� collisions at a centre of mass energy Q = mZ and the soft drop parameters � = 0 and
zcut = 0.1 (left) and zcut = 0.05 (right). The figure shows LO for plain thrust (black dashed) and soft-dropped
thrust (magenta dashed-dotted) and the matched LO+NLL0 cross section for plain thrust (blue dotted) and
soft-dropped thrust (red solid) with the bands from resummation and scale uncertainties included.

5.1 Hemisphere jet invariant mass

We start by considering the hemisphere mass. In this case, we cluster an event into exactly two jets
and we look at the largest value of:

e
(2)
2 =

m2
J

E2
J

, (5.1)

with mJ the jet mass and EJ its energy. This is the same observable that was considered in Ref. [42].
Therefore, the results can be largely reused, with a slight modification due to the different definition
of soft drop, which corresponds to zcut ! zcut2

��/2. Factorisation of the distribution in terms of hard,
soft and jet functions leads to the identification of the following scales

µH = Q, µ2
J =

Q2

4N̄
,

µSG
= 2�/2Qzcut, µSC

=
h zcut

2�/2N̄�+1

i 1
�+2 Q

2
. (5.2)

Note that these scales only differ in factors of two compared to the computation for thrust, since
these observables share soft and collinear behaviours. Furthermore, this leads to the same anomalous
dimensions. Just as for the scales, the transition point contribution is also the same as for thrust after
the change N̄ ! 4N̄ or in ⌧ -space ⌧ ! e

(2)
2 /4. This leads to a transition contribution:

T (⌧, zcut) =
↵s

⇡
CF (� + 2)Li2

2
41

2

 
e
(2)
2

2 zcut

! 2
�+2

3
5. (5.3)

Because the resummation of the hemisphere mass was discussed in great detail in Ref. [42], in
this section we limit ourselves to an analysis of its behaviour in the transition region in order to

– 16 –
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Figure 11. Final results for the jet mass distribution in the case of the ungroomed pt,jet selec-
tion. The perturbative calculation is performed at NLO+LL and non-perturbative corrections are
included as a multiplicative factor obtained from Monte Carlo parton showers. Perturbative un-
certainties are obtained varying renormalisation, factorisation and resummation scales as detailed
in section 3. Non-perturbative uncertainties are obtained considering the spread of five different
Monte Carlo tunes, as detailed in section 5. Perturbative and non-perturbative uncertainties are
added in quadrature.
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Figure 12. Final results at NLO+LL, with non-perturbative corrections, for the normalised jet
mass distribution, in the case of the ungroomed pt,jet selection.

Figure 11 and figure 12 show the results (in black, with grey uncertainty bands)

for the ungroomed pt,jet selection in the two representative transverse momentum bins:

460 < pt,jet < 550GeV and pt,jet > 1300GeV. The former is the jet mass distribution,

while the latter is normalised to the NLO jet cross-section in the appropriate transverse

momentum bin. Similarly, in figure 13 we show our final results for the pt,mMDT selection.

As discussed in the paper, the NLO jet cross section is not well-defined in this case, so

we only present unnormalised distributions. For comparison, we also show in red the

purely perturbative NLO+LL results with their uncertainties. As previously noted, non-

perturbative corrections are sizeable (with large uncertainties) in the first few mass bins

– 24 –

Marzani et al., JHEP07(2017)132

The fixed order corrections have also been evaluated at NNLO. [Kardos et al. 1807.11472].
See also [Larkoski, Moult, Neill 2017], [Lee, Shrivastava, Vaidya 2019], [Kang, Lee, Liu, Ringer 2018]

What about the power corrections in the groomed spectrum?

Although the hadronization effects are suppressed for groomed jet mass, in order
to achieve the required accuracy of αs we need to account for the left over soft
particles.

Soft

A. Pathak Power Corrections to the Groomed Jet Mass PSR19 4 / 27



Introduction

Power corrections dictate the accuracy of precision measurements

αs measurement from Thrust at LEP:
27
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FIG. 14: Distribution of best fit points at N3LL′ order with
Ω1 in the R-gap scheme in pure QCD (light green), including
mb effects (medium blue) and including mb effects and QED
corrections (dark red). Solid circles indicate the central points
for these three cases. The hollow circle represents the central
point from the global fit with QED corrections neglected for
the data from TASSO, L3 and ALEPH, but included for all
other data sets.

puts equal weight to all Q and thrust values. This sec-
ond band method is more conservative, and for the N3LL′

analyses in the R-gap and the MS schemes the resulting
errors are only 10% smaller than in the scan method that
we have adopted. The advantage of the scan method we
use is that the fit takes into account theory uncertainties
including correlations.

Effects of QED and the bottom mass

Given the high-precision we can achieve at N3LL′ or-
der in the R-gap scheme for Ω1, it is a useful exercise
to examine also the numerical impact of the corrections
arising from the nonzero bottom quark mass and the
QED corrections. In Fig. 14 the distributions of the best
fit points in the αs-2Ω1 plane at N3LL′ in the R-gap
scheme is displayed for pure massless QCD (light green
points), including the bottom mass corrections (medium
blue points) and the bottom mass as well as the QED
corrections (dark red points). The distribution of the
best fit points with bottom mass and QED corrections
(dark red points) was already shown in Fig. 11a. The
large black dots represent the corresponding central val-
ues. The corresponding numerical results are shown at
the bottom of Tabs. IV and V.

We see that the QED and bottom quark mass effects
are somewhat smaller than the theoretical errors of the
N3LL′ analysis but not negligible. Moreover we find that

the qualitative impact of the QED and the bottom quark
mass effects is quite intuitive: The nonzero bottom quark
mass primarily causes a horizontal shift of the thrust
distribution towards larger τ values, since the small-τ
threshold for massive quark production is moved to a
finite τ value. Here this is compensated primarily by a
reduced value of Ω1. Concerning QED effects, they cause
an effective increase of the coupling strength in the final
state interactions leading primarily to a decrease of αs in
the fit.

As explained in Sec. VI the experimental correction
procedures applied to the AMY, JADE, SLC, DELPHI
and OPAL data sets were designed to eliminate initial
state photon radiation, while those of the TASSO, L3
and ALEPH collaborations eliminated initial and final
state radiation. It is straightforward to test for the effect
of these differences in the fits by using our theory code
with QED effects turned on or off depending on the data
set. Since our χ2 procedure treats data from different
experiments as uncorrelated it is also easy to implement
this technically. Using our N3LL′ order code in the R-gap
scheme we obtain the central values αs(mZ) = 0.1136
and Ω1 = 0.318 GeV, indicated by the hollow circle
in Fig. 14. Comparing to our default results given in
Tabs. IV and V, which are based on the theory code
were QED effects are included for all data sets, we see
that the central value for αs is larger by 0.0001 and the
one for Ω1 is smaller by 0.006 GeV. This shift is substan-
tially smaller than our perturbative error, and justifies
our choice to use the theory code with QED effects in-
cluded as the default code for our analysis.

Hadronization and Experimental Error

An important element in the construction of the χ2 func-
tion used for our fit procedure is the correlation model
for the systematic uncertainties given for the experimen-
tal thrust bins. The results discussed above rely on the
minimal overlap model for the systematic experimental
errors explained in Sec. VI. The 1-sigma ellipse based
on the central values of Eq. (64) and centered around
(αs, 2Ω1) = (0.1135, 0.647 GeV) is shown in Fig. 15 by
the red solid ellipse. This ellipse yields the experimen-
tal errors and hadronization uncertainty related to Ω1

in our analysis. We find that the size and correlation
coefficients of the 1-sigma error ellipses at N3LL′ order
of all fits made in our theory scan are very similar, and
hence we can treat the theory error and these hadroniza-
tion/experimental errors as independent.

The correlation matrix of the red solid error ellipses is
(i, j = αs, 2Ω1)

Vij =

(
σ2

αs
σαsσ2Ω1ραΩ

σαsσ2Ω1ραΩ σ2
2Ω1

)
(64)

=

(
3.29(16) · 10−7 −2.30(12) · 10−5 GeV

−2.30(12) · 10−5 GeV 1.90(18) · 10−3 GeV2

)
,

Abbate et al. 1006.3080

Power corrections are described via a nonperturbative shape func-
tion

dσ

dτ
=

∫
dk

dσpert

dτ

(
τ − k

Q

)
F
(
k − 2∆

)
Only the first moment Ω1 is relevant.

Ω1 =

∫
dk k F (k)

Hoang Stewart 0709.3519

Field theory understanding of hadronization is important

SCET provides this understanding

Ω1 is a vacuum matrix element of soft Wilson lines:

Ω1 =
1

2Nc
〈0|trY T

n̄ (0)Yn(0)êY †n (0)Y
∗
n̄ (0)|0〉
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Introduction

Power corrections to groomed jet mass are intricate

In what way is the groomed jet mass different?

C/A clustering: NP corrections could depend on perturbative branching history. Not even
obvious if a nonperturbative factorization is possible!

NP catchment area: no longer determined by the jet radius, no fixed geometric region.

Universality: dependence on zcut? β? R? Q? . . .

Perturbative 
cross section

Nonperturbative 
Contribution

Interface using 
perturbation theory

Goal of this work is to deepen our understanding of the interface for
groomed jet mass via field theory calculations

A. Pathak Power Corrections to the Groomed Jet Mass PSR19 6 / 27



EFTmodes

EFT modes for Groomed Jet Mass

We identify the relevant region for our
analysis by considering the EFT modes
for groomed jet mass measurement

Turning on soft drop removes
emissions in the shaded region.

CS denotes the emission at widest
angle that satisfies the soft drop
condition.

Leading non-perturbative
corrections have the largest plus
component - hence the same
angle as the CS modes.

z > zcutθ
β

pµCS ∼ m2
J

Q ζ

(
ζ,

1
ζ
, 1
)

pµC ∼
(
m2

J

Q
, Q, mJ

)

ζ ≡
(

m2
J

Q Qcut

) 1
2+β

Qcut ≡ 2βQzcut

θcs/2 ∼ ζ

p+
cs � pΛ

+

pµΛ ∼ ΛQCD

(
ζ,

1
ζ
, 1
)
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EFTmodes

Soft Drop Nonperturbative and Operator Expansion Region

Distinguish two regions of the groomed jet mass spectrum:

a) soft drop operator expansion (SDOE) region, p+
cs � p+

Λ :
QΛQCD

m2
J

( m2
J

QQcut

) 1
2+β � 1 ,

b) soft drop nonperturbative (SDNP) region, p+
cs ∼ p+

Λ : m2
J . QΛQCD

(ΛQCD

Qcut

) 1
1+β .

a) SDOE region b) SDNP region

In the SDNP region the Λ and CS mode come parametrically close merging into a single mode, Λ-CS.

The nonperturbative corrections to the jet mass spectrum are O(1) in SDNP region.

A. Pathak Power Corrections to the Groomed Jet Mass PSR19 8 / 27



EFTmodes

Soft Drop Nonperturbative and Operator Expansion Region

Distinguish regions of the groomed jet mass spectrum:

a) soft drop operator expansion (SDOE) region, p+
cs � p+

Λ :
QΛQCD

m2
J

( m2
J

QQcut

) 1
2+β � 1 ,

b) soft drop nonperturbative (SDNP) region, p+
cs ∼ p+

Λ : m2
J . QΛQCD

(ΛQCD

Qcut

) 1
1+β ,

c) ungroomed resummation region: m2
J & zcut

Q2

4
.
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EFTmodes

Soft Drop Nonperturbative and Operator Expansion Region

Changes to perturbative subjets on adding NP emissions are small:

jet
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EFTmodes

Soft Drop Nonperturbative and Operator Expansion Region

Catchment area determined by collinear and CS subjets (at LL):

Collinear soft

Collinear
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Measurement Operator and the Matrix Element

Measurement in the Collinear-Soft Sector

Measurement in the collinear-soft sector:

(m2
J )cs

SDOE' Q p+
cs + Q

∑
i

q+
i◦◦ + Q p+

cs δ
(
zcs − zcutθ

β
cs

)∑
i

qi�
Q

nonperturbative corrections to the measurements involve two terms:

q+
i◦◦ ≡ q+

i Θ
◦◦
NP(θqi , θcs ,∆φi )

qi� ≡
[
q−i + β

(
q−i −

2qi⊥
θcs

cos(∆φi )
)](

Θ
�
NP(θqi , θcs ,∆φi )− Θ �

NP(θqi , θcs ,∆φi )
)

shift correction: CS emission sets the
catchment area for the NP modes that are
kept by soft drop: Θ

◦◦
NP = 1

boundary correction: change in the soft drop
test for CS mode due to hadronization. Inside
cs subjet: Θ

�
NP = 1, Θ �

NP = 1− Θ
�
NP
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Measurement Operator and the Matrix Element

Measurement in the Collinear-Soft Sector

Measurement in the collinear-soft sector:

(m2
J )cs

SDOE' Q p+
cs + Q

∑
i

q+
i◦◦ + Q p+

cs δ
(
zcs − zcutθ

β
cs

)∑
i

qi�
Q

nonperturbative corrections to the measurements involve two terms:

q+
i◦◦ ≡ q+

i Θ
◦◦
NP(θqi , θcs ,∆φi )

qi� ≡
[
q−i + β

(
q−i −

2qi⊥
θcs

cos(∆φi )
)](

Θ
�
NP(θqi , θcs ,∆φi )− Θ �

NP(θqi , θcs ,∆φi )
)

The projection operators only involve ratios of polar angles and difference of azimuthal angles:

Θ
◦◦
NP(θqi , θcs ,∆φi ) ≡ Θ

(
|∆φ| − π

3

)
Θ

(
1− θqi

θcs

)
+ Θ

(
π

3
− |∆φ|

)
Θ

(
2 cos(∆φ)− θqi

θcs

)
,

make the following rescaling:

q+
i =

θcs

2
k+
i , q−i =

2
θcs

k−i , qi⊥ = ki⊥ , φqi = φki + φcs ⇒
θqi
θcs

=
k⊥
k−
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Measurement Operator and the Matrix Element

Measurement in the Collinear-Soft Sector

Measurement in the collinear-soft sector now factorizes

(m2
J )cs

SDOE' Q p+
cs + Q

∑
i

q+
i◦◦ + Q p+

cs δ
(
zcs − zcutθ

β
cs

)∑
i

qi�
Q

= Q p+
cs + Q

θcs

2

∑
i

k+
i◦◦ + Q p+

cs δ
(
zcs − zcutθ

β
cs

) 2
θcs

∑
i

ki�
Q

The projection operatos in k+
◦◦ and ki� are independent of θcs :

Θ
◦◦
NP

( ki⊥
k−i

, 1, φk

)
≡ Θ

(
|φki | −

π

3

)
Θ

(
1− ki⊥

k−i

)
+ Θ

(
π

3
− |φk |

)
Θ

(
2 cos(φki )−

ki⊥

k−i

)
,

1
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Measurement now performed with unit radius projections
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Measurement Operator and the Matrix Element

Factorization of the matrix element: Abelian graphs

Here we probe using a NP source gluon qµ with a perturbative CS gluon pµ.

Shad, ab.
c =

αsCκ
π

(µ2eγE )ε

Γ(1− ε)

∫ ∞
0

dp+ dp−

(p+ p−)1+ε

∫
ddq

(2π)d
g2 (4Cκ − 2CA) µ̃ε C̃(q)

q+ q−
[
Mp+q −Mq]

F̃ ab.(qµ) ≡ g2 (4Cκ − 2CA) µ̃ε C̃(q)

q+ q−

Apply the rescaling to factorize the measurementMp+q −Mq :

q+ =
θp

2
k+ =

√
p+

p−
k+
, q− =

2
θp

k− =

√
p−

p+
k− , q⊥ = k⊥ , ∆φ = φk

Note that the measure and the NP source are already invariant under boosts needed to factorize the mea-
surement

θq =
2 q⊥
q−

= θp
k⊥
k−

, F̃ ab.(qµ) =
(4Cκ − 2CA)g2 Cκ µ̃

ε C̃(q)

q+ q−
= F̃ ab.(kµ) , ddq = ddk
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Measurement Operator and the Matrix Element

Rescaling is essential for Nonperturbative factorization

Now consider the nonabelian graphs:

Shad, n.a.
c =

αsCκ
π

(µ2eγE )ε

Γ(1− ε)

∫ ∞
0

dp+ dp−

(p+ p−)1+ε

∫
ddq

(2π)d
2 g2 CA ι

ε C̃(q)

q+ q−

×
[
Mp+q −Mq] q+p− + p+q−

p+q− + q+p− − 2
√

p+p−|~q⊥| cos(φq − φcs )
.

NOT invariant under boost of qµ alone but factorizes in the rescaled coordinates

q+p− + p+q−

p+q− + q+p− − 2
√

p+p−|~q⊥| cos(φq − φcs )
=

k+ + k−

k+ + k− − 2 |~k⊥| cos(φk )
,

Obtain the full source function:

F̃ (kµ) = 4g2
µ̃

2ε C̃(k)

[(
Cκ −

CA

2

) 1
k+ k−

+
CA

2
1

k+ k−
k+ + k−

k+ + k− − 2 |~k⊥| cos(φk )

]
Result holds at LL. Checked explicitly with an additional perturbative emission
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Theory Results

Leading Power corrections to the groomed cross section

Leading power corrections for the full cross section can be parameterized as

dσhad
κ

dm2
J

=
d σ̂κ
dm2

J

− Q Ω◦◦1
d

dm2
J

(
C1(m2

J ,Q, zcut, β)
d σ̂κ
dm2

J

)
+

QΥ�
1 (β)

m2
J

C2(m2
J ,Q; zcut, β)

d σ̂κ
dm2

J

Υ�
1 (β) linear in β, hence two parameters:

Υ�
1 (β) = Υ�

1,0 + βΥ�
1,1

The Wilson coefficients C1(m2
J ,Q, zcut, β) and C2(m2

J ,Q, zcut, β) are not constants along the spectrum
depend on both the grooming parameters, but the hadronic power corrections themselves are universal:

Three parameters total, only depending on ΛQCD:

Ω◦◦1 ≡
∫

ddk

(2π)d
k+ Θ

◦◦
NP F̃ (kµ)

Υ�
1,0 ≡

∫
ddk

(2π)d
k−
(

Θ
�
NP − Θ�

NP

)
F̃ (kµ)

Υ�
1,1 ≡

∫
ddk

(2π)d

(
k− − k⊥ cos(φk )

) (
Θ

�
NP − Θ�

NP

)
F̃ (kµ)

We see that power corrections have nontrivial modifications of the entire spectrum.
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Theory Results

Leading Power corrections to the groomed cross section

Leading power corrections for the full cross section can be parameterized as

dσhad
κ

dm2
J

=
d σ̂κ
dm2

J

− Q Ω◦◦1
d

dm2
J

(
C1(m2

J ,Q, zcut, β)
d σ̂κ
dm2

J

)
+

QΥ�
1 (β)

m2
J

C2(m2
J ,Q; zcut, β)

d σ̂κ
dm2

J

Υ�
1 (β) linear in β, hence two parameters:

Υ�
1 (β) = Υ�

1,0 + βΥ�
1,1

The Wilson coefficients C1(m2
J ,Q, zcut, β) and C2(m2

J ,Q, zcut, β) are not constants along the spectrum
depend on both the grooming parameters, but the hadronic power corrections themselves are universal:

Wilson coefficients are perturbatively calculable and involve resummed averages of opening angles of stopping
pair:

C1(m2
J ,Q, zcut, β) ∼

〈
θcs (m2

J )

2

〉
, C2(m2

J ,Q; zcut, β) ∼
〈

2
θcs (m2

J )

m2
J

Q2 δ

(
zcs − zcutθ

β
cs

)〉
We calculate them in the coherent branching framework at LL.

We see that power corrections have nontrivial modifications of the entire spectrum.
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Theory Results

LL Resummed Wilson Coefficients

Wilson coefficients have nontrivial dependence on zcut and β
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Theory Results

Size of power corrections

Absolute value of the fractional power correction taking Ω ◦◦1 = 1.0 GeV, Υ1,0 = 0.7 GeV, Υ1,1 = 0.4 GeV.

Shift and boundary power corrections have comparable size and grow from ∼ 1% to ∼ 10%.

Dashed lines represent the extent of SDOE region.
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Monte Carlo Studies

Comparing the shift correction matching coefficient with MC

Comparing our computation of C1(m2
J ) with partonic Monte Carlo for

zcut = 0.1, 0.2 (rows), β = 0, 1, 2 (columns)

All the MC do equally well
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Monte Carlo Studies

Comparing the boundary correction matching coefficient with MC

Comparing our computation of C2(m2
J ) with partonic Monte Carlo for

zcut = 0.1, 0.2 (rows), β = 0, 1, 2 (columns)

calculate using

Θ

(
z − zcutθ

β

)
→ Θ

(
z − zcutθ

β +
2
θ
ε

)
Relatively better agreement of LL calculation with Herwig
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Monte Carlo Studies

Visualizing the angular distribution of NP subjets

Tag an NP subjet with E . 1 GeV in the CA clustering tree of the groomed jet and apply the rescaling.

In the OPE region we find the expected geometry with R ∼ 1
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Monte Carlo Studies

Fitting for the power corrections in Monte Carlo

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}

Take 0.05 units as the difference between partonic and hadronic normalized cross section. Error defined as
10% uncertainty on this number.
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Fit for the three hadronic parameters for the following grid in the SDOE region:
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Take 0.05 units as the difference between partonic and hadronic normalized cross section. Error defined as
10% uncertainty on this number.
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Monte Carlo Studies

Fitting for the power corrections in Monte Carlo

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}

Event Generator Ω◦◦1q (GeV) Υq
1,0 (GeV) Υq

1,1 (GeV) χ2/dof

Pythia 8.235 1.63 -1.21 0.33 0.96

Vincia 2.2 1.22 -1.04 0.50 0.84

Herwig 7.1.4 (default) 1.14 -1.73 -0.15 2.53

Herwig 7.1 (pTB) 1.14 -1.32 -0.11 0.77

The parameters are correlated but have very small uncertainty
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Monte Carlo Studies

Fitting for the power corrections in Monte Carlo

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}

Event Generator Ω◦◦1q (GeV) Υq
1,0 (GeV) Υq

1,1 (GeV) χ2/dof

Pythia 8.235 1.63 -1.21 0.33 0.96

Vincia 2.2 1.22 -1.04 0.50 0.84

Herwig 7.1.4 (default) 1.14 -1.73 -0.15 2.53

Herwig 7.1 (pTB) 1.14 -1.32 -0.11 0.77

More studies with Herwig:

Included pTB tune in Herwig to probe poor χ2 of default Herwig [Reichelt et. al. 1708.01491]

q2 preserving kinematic reconstruction in default Herwig vs. pT preserving in pTB tune (originally
proposed in [Gieseke, Stephens, Webber 2003])

We use the same αCMW
s = 0.127 in the pTB tune. Using the prescribed αCMW

s = 0.1087 failed to
produce reasonable fits (with χ2/dof > 10). More plots in backup.
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Monte Carlo Studies

Fitting for the power corrections in Monte Carlo

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}

3 universal parameters fit the whole grid well

Plots for Herwig and Pythia in backup
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Monte Carlo Studies

Linear behavior of boundary correction

Fit for individual β’s using the Ω◦◦1 from the global fit. Fits agree with prediction.
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Monte Carlo Studies

Testing zcut independence of Υq
1,0 and Υq

1,1

Fit for individual zcut values and compare against the global fit
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Monte Carlo Studies

Testing zcut and β independence of Ω◦◦
1q

Fit for individual zcut and β values and compare against the global fit
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Conclusion

Conclusion

QFT based treatment of power corrections to groomed observables. 3 Universal parameters

Calculate the shape dependence of power corrections via Wilson Coefficients determined with
Coherent Branching at LL

Enables precision measurements for αs and mt involving direct comparison of data with theory, or mt

calibration in Monte Carlos.

Interesting test of hadronization models of Monte Carlos

Future applications to collinear drop

Thank you.
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Backup

Fits in the SDOE region for Pythia

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}
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Backup

Fits in the SDOE region for Herwig (default)

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}
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Backup

Fits in the SDOE region for Herwig (pTB tune, same αCMW
s = 0.127)

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}
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Backup

Fits in the SDOE region for Herwig (pTB tune, αCMW
s = 0.1087)

Fit for the three hadronic parameters for the following grid in the SDOE region:

Q = 500, 1000 GeV, zcut = {0.05, 0.1, 0.15, 0.2}, β = {0, 0.5, 1.0, 1.5, 2.0}
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