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Motivation

Only quark capable of escaping infrared slavery

The top quark is the heaviest particle found so far

Direct measurements correspond to the MC top quark parameter
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mMC
t = (172.69 ± 0.30)GeV

Current world average

not the pole mass 
related to a short-distance mass?
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WEIGHTED AVERAGE
172.69±0.30 (Error scaled by 1.3)

TEVEWWG 16 TEVA 6.3
KHACHATRY... 16AK CMS 0.3
SIRUNYAN 19AR CMS 0.3
SIRUNYAN 19AP CMS 0.5
AABOUD 19AC ATLS 0.0
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TUMASYAN 21G CMS 0.5
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       7.8
(Confidence Level = 0.166)
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t-Quark Mass (Direct Measurements) (GeV)
1TUMASYAN 21G based on 35.9 fb−1 of pp data at

√
s = 13 TeV. Events are selected

by requiring 1ℓ + 2jets(1b jet) final state.
2 SIRUNYAN 20AR based on 35.9 fb−1 of pp data at

√
s = 13 TeV. The products of the

hadronic decay of a top quark with pT > 400 GeV, in the ℓ + jets channel of t t are
reconstructed as a single jet. The top quark mass is determined from the normalized
differential cross section measurement in the mjet distribution.

3AABOUD 19AC is an ATLAS combination of 7 and 8 TeV top-quark mass determination
in the dilepton, lepton + jets, and all jets channels.

4 SIRUNYAN 19AP based on 35.9 fb−1 of pp data at
√
s = 13 TeV. A combined mea-

surement using the lepton+jets and all-jets channels through a single likelihood function.
See SIRUNYAN 18DE and SIRUNYAN 19AP below.

5 SIRUNYAN 19AR based on 35.9 fb−1 of pp data at
√
s = 13 TeV. Obtained from a

simultaneous fit of the cross section and the top quark mass in the POWHEG simulation.
The cross section is used also to extract the MS mass and the strong coupling constant
for different PDF sets.

6KHACHATRYAN 16AK based on 19.7 fb−1 of pp data at
√
s = 8 TeV. Combination of

the three top mass measurements in KHACHATRYAN 16AK and with the CMS results
at

√
s = 7 TeV.

7TEVEWWG 16 is the latest Tevatron average (July 2016) provided by the Tevatron

Electroweak Working Group. It takes correlated uncertainties into account and has a χ2

of 10.8 for 11 degrees of freedom.
8AABOUD 19AC based on 20.2 fb−1 in pp collisions at

√
s = 8 TeV. Uses optimized

event selection to suppress less-well-reconstructed events and template fits to determine
mt together with a global jet energy scale factor and a relative b-to-light-jet energy scale
factor.

9 SIRUNYAN 19AP based on 35.9 fb−1 of pp data at
√
s = 13 TeV. A kinematical fit is ap-

plied to each event assuming the signal event topology. mt is determined simultaneously
with a jet energy scale factor (JSF). The second error represents stat.+JSF. Modeling
uncertainties are larger than in the measurements at

√
s = 7 and 8 TeV because of the

use of new alternative color reconnection models.
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Relation to a short-distance mass
For the NLL-precise coherent branching shower one can show
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mMC
t �mpole

t / Q0 ⇥ ↵s(Q0)
transverse 
momentum 
shower cut

[Hoang, Plätzer, Samitz 
JHEP10 (2018) 200]

acts as a IR factorization scale and a resolution parameter
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Q0

Therefore, natural to associate
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mMC
t ⇡ mMSR

t (R = Q0)

In this talk we make this relation more quantitative

MSR mass: [Hoang, Jain, Scimemi, Stewart; 
Hoang, Jain, Lepenik, VM, Preisser, Scimemi, Stewart]

[Hoang]



The MSR mass
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mpole
t �mt = mt

X

n=1

aMS
n (n` = 5, nh = 1)


↵(6)
s (mt)

4⇡

�n The series has an         
ambiguity (renormalon)
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O(⇤QCD)
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R-evolution
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same ambiguity, but 
now it is an   -quantity 

Use             library to match & 
RG-evolve masses and coupling
[Hoang, Lepenik, VM, 2102.01085]

MS is a high-energy mass, not adequate for threshold problems

MSR adequate for problems in 
which mt is no longer dynamic
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Observables
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⌧2 =
1

Q
min
~nt

X

i

(Ei � |~nt · ~pi|) 2-jettiness
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⌧s = ⇢a + ⇢b sum of hemisphere masses
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⌧m = ⌧s +
1

2
⌧2s modified jet mass
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The three differ by mass and kinematic power corrections only

Same factorisation theorem, different power corrections
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⌧m = ⌧s +
1

2
⌧2s
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⌧s,min = 2m̂2
t
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t
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t )
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m̂t ⌘
mt

Q

Easiest mass correction: 
lower endpoint
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<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

Affected by     corrections in measurement function
<latexit sha1_base64="JW+2qmp1MoL/IhEN4Bpt3Hwjglw=">AAAB8XicdVDJSgNBEO2JW4xb1KOXxiB4GmaCS7wFvXiMYBZMxtDT6UmadPcM3TVCGPIXXjwo4tW/8ebf2FkE1wcFj/eqqKoXJoIb8Lx3J7ewuLS8kl8trK1vbG4Vt3caJk41ZXUai1i3QmKY4IrVgYNgrUQzIkPBmuHwYuI375g2PFbXMEpYIElf8YhTAla66QwIYNmF23K3WPLcM9+r+B7+TXzXm6KE5qh1i2+dXkxTyRRQQYxp+14CQUY0cCrYuNBJDUsIHZI+a1uqiGQmyKYXj/GBVXo4irUtBXiqfp3IiDRmJEPbKQkMzE9vIv7ltVOIKkHGVZICU3S2KEoFhhhP3sc9rhkFMbKEUM3trZgOiCYUbEgFG8Lnp/h/0ii7/ol7fHVUqp7P48ijPbSPDpGPTlEVXaIaqiOKFLpHj+jJMc6D8+y8zFpzznxmF32D8/oBPzqQqg==</latexit>

m̂2
t

sizable due to soft and non-perturbative effects

Not affected by such corrections

We implement these mass corrections

: important diagnosis tool for our theoretical treatment
<latexit sha1_base64="YYxx1khajy84K+gPStxJBHs3uzQ=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmbEJd6CXjxGMAskQ+jpdJI2vQzdPUIY8g9ePCji1f/x5t/YWQTXBwWP96qoqhcnnBkbBO9ebmFxaXklv1pYW9/Y3Cpu79SNSjWhNaK40s0YG8qZpDXLLKfNRFMsYk4b8fBy4jfuqDZMyRs7SmgkcF+yHiPYOqnetjjtiE6xFPjnYVAOA/SbhH4wRQnmqHaKb+2uIqmg0hKOjWmFQW KjDGvLCKfjQjs1NMFkiPu05ajEgpoom147RgdO6aKe0q6kRVP160SGhTEjEbtOge3A/PQm4l9eK7W9cpQxmaSWSjJb1Es5sgpNXkddpimxfOQIJpq5WxEZYI2JdQEVXAifn6L/Sf3ID0/9k+vjUuViHkce9mAfDiGEM6jAFVShBgRu4R4e4clT3oP37L3MWnPefGYXvsF7/QD5449r</latexit>⌧m



Setup

Compute the same 
observable (at 
hadron level) in

parton shower MC
<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

Observables

<latexit sha1_base64="suxqjN8lUubMC9YabJl2cLshZtc="></latexit>

⌧2 =
1

Q
min
~nt

X

i

(Ei � |~nt · ~pi|) 2-jettiness

<latexit sha1_base64="XKQf0jmRNCKHNBU1xyO0gplElr8=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARBGGYER91IRTduKxgH9AZhkyatqGZZEgyQhm78FfcuFDErb/hzr8xnVbweeByD+fcS25OlDCqtOu+W4WZ2bn5heJiaWl5ZXXNXt9oKJFKTOpYMCFbEVKEUU7qmmpGWokkKI4YaUaDi7HfvCFSUcGv9TAhQYx6nHYpRtpIob3la5SGCp5BX/ZFiPbzFoV22XVOPbfiufA38Rw3RxlMUQvtN78jcBoTrjFDSrU9N9FBhqSmmJFRyU8VSRAeoB5pG8pRTFSQ5feP4K5ROrArpCmuYa5+3chQrNQwjsxkjHRf/fTG4l9eO9XdSpBRnqSacDx5qJsyqAUchwE7VBKs2dAQhCU1t0LcRxJhbSIrmRA+fwr/J40Dxzt2jq4Oy9XzaRxFsA12wB7wwAmogktQA3WAwS24B4/gybqzHqxn62UyWrCmO5vgG6zXD1qGlbU=</latexit>

⌧s = ⇢a + ⇢b sum of hemisphere masses
<latexit sha1_base64="6lFgsPloHdKCowYgKVfTNwuzZ90=">AAACD3icdVDLSsNAFJ3UV62vqEs3g0URhJAUH3UhFN24rGAf0MQwmU7aoZMHMxOhhPyBG3/FjQtF3Lp15984TSP4PHDhcM693HuPFzMqpGm+a6WZ2bn5hfJiZWl5ZXVNX99oiyjhmLRwxCLe9ZAgjIakJalkpBtzggKPkY43Op/4nRvCBY3CKzmOiROgQUh9ipFUkqvv2hIlbgBPYU4E3Ie2zxFOrSytZYV4XXP1qmmcWGbdMuFvYhlmjioo0HT1N7sf4SQgocQMCdGzzFg6KeKSYkayip0IEiM8QgPSUzREARFOmv+TwR2l9KEfcVWhhLn6dSJFgRDjwFOdAZJD8dObiH95vUT6dSelYZxIEuLpIj9hUEZwEg7sU06wZGNFEOZU3QrxEKk4pIqwokL4/BT+T9o1wzoyDi8Pqo2zIo4y2ALbYA9Y4Bg0wAVoghbA4Bbcg0fwpN1pD9qz9jJtLWnFzCb4Bu31A2wdm68=</latexit>

⌧m = ⌧s +
1

2
⌧2s modified jet mass

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢Larger sensitivity to mt in the peak region



Monte Carlo predictions
better meaning to 
the peak position

<latexit sha1_base64="itVujP3jzPZ4pSlCxVC914UISXI=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEF1JmfLUuhGIXuhEq2Ad0xpJJM21oMjMkGaEMxY2/4saFIm79Cnf+jZm2gs8DF07OuZfce7yIUaks693ITE3PzM5l53MLi0vLK+bqWl2GscCkhkMWiqaHJGE0IDVFFSPNSBDEPUYaXr+S+o0bIiQNgys1iIjLUTegPsVIaaltbvC2uk4cweFFZXhiF/ed3fRxRuptM28Vjm2rZFvwN7EL1gh5MEG1bb45nRDHnAQKMyRly7Yi5SZIKIoZGeacWJII4T7qkpamAeJEusnohCHc1koH+qHQFSg4Ur9OJIhLOeCe7uRI9eRPLxX/8lqx8ktuQoMoViTA44/8mEEVwjQP2KGCYMUGmiAsqN4V4h4SCCudWk6H8Hkp/J/U9wr2UeHw8iBfPp3EkQWbYAvsABsUQRmcgyqoAQxuwT14BE/GnfFgPBsv49aMMZlZB99gvH4AXsSWJg==</latexit>

mMC
t = 173GeV

<latexit sha1_base64="9D54hl06cBys5EbCuryzy9UOb+w="></latexit>

MJ = Q

r
⌧

2
= mt +O(m2

t ,�t,↵s)

Q = c.o.m. 
energy

sum of jet 
masses

modified 
jet mass
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Monte Carlo predictions
peak far from mass position due to soft and collinear 
radiation, and non-perturbative effects (Q-dependent)
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Monte Carlo predictions
mass power corrections have 
large impact in peak position
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Monte Carlo predictions
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caused by different description of  hadronization
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Monte Carlo predictions
also the shapes of the distributions are different
spoiler: these differences do not affect the calibration results
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first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

Theoretical description at N2LL + NLO

effects of finite top width    through Breit-Wigner
<latexit sha1_base64="oTElLGa7F3ob62yBvC+EREEj6eA=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPYUZc4i3oQY8RzALJEHo6PUmT7pmxu0YIQ37CiwdFvPo73vwbO4vg+qDg8V4VVfWCRAqDrvvuzM0vLC4t51byq2vrG5uFre26iVPNeI3FMtbNgBouRcRrKFDyZqI5VYHkjWBwMfYbd1wbEUc3OEy4r2gvEqFgFK3UbF9SpWgHO4WiWzrz3LLnkt/EK7kTFGGGaqfw1u7GLFU8QiapMS3PTdDPqEbBJB/l26nhCWUD2uMtSyOquPGzyb0jsm+VLgljbStCMlG/TmRUGTNUge1UFPvmpzcW//JaKYZlPxNRkiKP2HRRmEqCMRk/T7pCc4ZyaAllWthbCetTTRnaiPI2hM9Pyf+kfljyTkrH10fFyvksjhzswh4cgAenUIErqEINGEi4h0d4cm6dB+fZeZm2zjmzmR34Buf1AzqGkB8=</latexit>

�tincludes

<latexit sha1_base64="chupsqHpjd2aGYUUUjm1fGt/d+4=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiTio+5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0pLyyura+X1ysbm1vZOdXevo5JMEtomCU9kL8CKciZoWzPNaS+VFMcBp91gfFX43TsqFUvErZ6k1I9xJFjICNZG6npNFkVePqjWHPvSdequg34T13ZmqMECrUH1zRsmJIup0IRjpfquk2o/x1Izwum04mWKppiMcUT7hgocU+Xns3On6MgoQxQm0pTQaKZ+nchxrNQkDkxnjPVI/fQK8S+vn+mw7udMpJmmgswXhRlHOkHF72jIJCWaTwzBRDJzKyIjLDHRJqGKCeHzU/Q/6ZzY7rl9dnNaazQXcZThAA7hGFy4gAZcQwvaQGAM9/AIT1ZqPVjP1su8tWQtZvbhG6zXD3g1j68=</latexit>(

kinematical power corrections

soft and mass renormalon subtractions

                          lower endpoint position

                          measurement function

mass corrections in   singular structures

<latexit sha1_base64="chupsqHpjd2aGYUUUjm1fGt/d+4=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiTio+5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0pLyyura+X1ysbm1vZOdXevo5JMEtomCU9kL8CKciZoWzPNaS+VFMcBp91gfFX43TsqFUvErZ6k1I9xJFjICNZG6npNFkVePqjWHPvSdequg34T13ZmqMECrUH1zRsmJIup0IRjpfquk2o/x1Izwum04mWKppiMcUT7hgocU+Xns3On6MgoQxQm0pTQaKZ+nchxrNQkDkxnjPVI/fQK8S+vn+mw7udMpJmmgswXhRlHOkHF72jIJCWaTwzBRDJzKyIjLDHRJqGKCeHzU/Q/6ZzY7rl9dnNaazQXcZThAA7hGFy4gAZcQwvaQGAM9/AIT1ZqPVjP1su8tWQtZvbhG6zXD3g1j68=</latexit>(
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<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD
QCD nf = 6

SCET nf = 6

bHQET nf = 5

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="Q2nb6t57lwc4qnt/uutXSei+UK4=">AAACDnicdVDLSgMxFM3UV62vqks3wVKooGVGfNRd0Y3LFu0DOsOQSTNtaJIZkoxQhn6BG3/FjQtF3Lp259+YPgSfBy73cM69JPcEMaNK2/a7lZmbX1hcyi7nVlbX1jfym1tNFSUSkwaOWCTbAVKEUUEammpG2rEkiAeMtILBxdhv3RCpaCSu9TAmHkc9QUOKkTaSny+6PPGvXEU5rEN3v+RqlMADOG5+6koOORWjPT9fsMtnjl1xbPibOGV7ggKYoebn39xuhBNOhMYMKdVx7Fh7KZKaYkZGOTdRJEZ4gHqkY6hAnCgvnZwzgkWjdGEYSVNCw4n6dSNFXKkhD8wkR7qvfnpj8S+vk+iw4qVUxIkmAk8fChMGdQTH2cAulQRrNjQEYUnNXyHuI4mwNgnmTAifl8L/SfOw7JyUj+tHher5LI4s2AG7oAQccAqq4BLUQANgcAvuwSN4su6sB+vZepmOZqzZzjb4Buv1A1Dqmw4=</latexit>

µS ⇠ Q (⌧ � ⌧min)

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>

⇢

large hierarchy

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
matching

peak region

<latexit sha1_base64="PE89NSaPCjMWYCI1gjuAoqXXge0=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCq2FGfNRd0Y24qmAf0BmGTJppQ5PMkGSEMnbhr7hxoYhbf8Odf2OmreDzwOUezrmX3JwoZVRp1323Zmbn5hcWS0vl5ZXVtXV7Y7Opkkxi0sAJS2Q7QoowKkhDU81IO5UE8YiRVjQ4L/zWDZGKJuJaD1MScNQTNKYYaSOF9rbPs5D7inLIQ130QrgM7YrrnHpu1XPhb+I57hgVMEU9tN/8boIzToTGDCnV8dxUBzmSmmJGRmU/UyRFeIB6pGOoQJyoIB/fP4J7RunCOJGmhIZj9etGjrhSQx6ZSY50X/30CvEvr5PpuBrkVKSZJgJPHoozBnUCizBgl0qCNRsagrCk5laI+0girE1kZRPC50/h/6R54HjHztHVYaV2No2jBHbALtgHHjgBNXAB6qABMLgF9+ARPFl31oP1bL1MRmes6c4W+Abr9QNuI5Zl</latexit>µm ⇠ mt ⇠ µJ

<latexit sha1_base64="hbO0QiHG/I8tsLNWLAelNSr8DtI=">AAAB83icdVDJSgNBEK2JW4xb1KOXxiB4GmbEJd6CXnJMwJhAZgg9nZ6kSXfP0N0jhCG/4cWDIl79GW/+jZ1FcH1Q8Hiviqp6UcqZNp737hSWlldW14rrpY3Nre2d8u7erU4yRWiLJDxRnQhrypmkLcMMp51UUSwiTtvR6Hrqt++o0iyRN2ac0lDggWQxI9hYKQhE1qsHmgnURL1yxXMvfa/qe+g38V1vhgos0OiV34J+QjJBpSEca931vdSEOVaGEU4npSDTNMVkhAe0a6nEguown908QUdW6aM4UbakQTP160SOhdZjEdlOgc1Q//Sm4l9eNzNxNcyZTDNDJZkvijOOTIKmAaA+U5QYPrYEE8XsrYgMscLE2JhKNoTPT9H/5PbE9c/ds+ZppXa1iKMIB3AIx+DDBdSgDg1oAYEU7uERnpzMeXCenZd5a8FZzOzDNzivH28TkVA=</latexit>

µH ⇠ Q

matching

<latexit sha1_base64="0fukRhzCNrGeuju8PvRTfsHKSjQ=">AAACGXicdVDLSgMxFM34tr6qLt0Ei1AXlhnxuSt141LBPqBTh0yaqcEkMyR3hDLMb7jxV9y4UMSlrvwb04fg88DlHs65l+SeMBHcgOu+OxOTU9Mzs3PzhYXFpeWV4upaw8SppqxOYxHrVkgME1yxOnAQrJVoRmQoWDO8Phn4zRumDY/VBfQT1pGkp3jEKQErBUXXl2lQ8w2X2I80odn55W6eyQDysg8kxTt40ILM1xJLrvLtoFhyK8eee+S5+DfxKu4QJTTGWVB89bsxTSVTQAUxpu25CXQyooFTwfKCnxqWEHpNeqxtqSKSmU42vCzHW1bp4ijWthTgofp1IyPSmL4M7aQkcGV+egPxL6+dQnTUybhKUmCKjh6KUoEhxoOYcJdrRkH0LSFUc/tXTK+IDQhsmAUbwuel+H/S2K14B5X9871StTaOYw5toE1URh46RFV0is5QHVF0i+7RI3py7pwH59l5GY1OOOOddfQNztsHQHagew==</latexit>

µB ⇠ Q2

mt
(⌧ � ⌧min)

<latexit sha1_base64="uoIYvVL38RD2LmszloXehYyXBkg=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCq5CIl7ordWGXFe0FmhAm00k7dCYJMxOhhL6FG1/FjQtF3OrOt3HSi3j9YeDjP+dw5vxBwqhUtv1uzM0vLC4tF1aKq2vrG5vm1nZTxqnApIFjFot2gCRhNCINRRUj7UQQxANGWsHgPK+3boiQNI6u1TAhHke9iIYUI6Ut37Rcnvo1t9eDOXA4o6orKXcvEOfIV5/ulW+WbOvMscuODX+DY9ljlcBUdd98c7sxTjmJFGZIyo5jJ8rLkFAUMzIquqkkCcID1CMdjRHiRHrZ+K4R3NdOF4ax0C9ScOx+ncgQl3LIA93JkerLn7Xc/KvWSVVY9jIaJakiEZ4sClMGVQzzkGCXCoIVG2pAWFD9V4j7SCCsdJRFHcLsUvg/NA8t58Q6vjwqVarTOApgF+yBA+CAU1ABNVAHDYDBLbgHj+DJuDMejGfjZdI6Z0xndsA3Ga8fHCOfTQ==</latexit>

µH � µm � µB ⇠ �t � µS

large mass 
sensitivity



Theoretical description

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

peak region

cross section [Fleming, Hoang, Mantry, Stewart]

Worked out at N3LL in [Bachu, Hoang, VM, Pathak, Stewart]

<latexit sha1_base64="X7G7ztCRtqzHOoXfwLMa9FZuv10="></latexit>

1

�0

d�̂

d⌧
= Q

2
HQ(Q,µm)Hm

✓
m,

Q

m
,µm, µ

◆Z
d`B⌧

✓
Q

2
⌧ � 2m2 �Q`

m
,�t, µ

◆
S⌧ (`, µ)

large mass 
sensitivity

Jet function known at 3-loops [A. Clavero, R. Bruser, VM, M. Stahlhofen]

Rest of ingredients known at 2-loops



Theoretical description

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

peak region

RG evolution between matrix elements

soft renormalon subtraction

<latexit sha1_base64="X7G7ztCRtqzHOoXfwLMa9FZuv10="></latexit>
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large mass 
sensitivitycross section [Fleming, Hoang, Mantry, Stewart]



Theoretical description

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

peak region

finite width effects

<latexit sha1_base64="X7G7ztCRtqzHOoXfwLMa9FZuv10="></latexit>
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<latexit sha1_base64="bJvSBwM6Yr9w9BBQ12pZr7i0uqQ="></latexit>
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RG evolution between matrix elements

soft renormalon subtraction

large mass 
sensitivitycross section [Fleming, Hoang, Mantry, Stewart]



Theoretical description

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

peak region

RG evolution between matrix elements

soft renormalon subtraction

finite width effects

mass renormalon subtraction: use MSR mass with

<latexit sha1_base64="X7G7ztCRtqzHOoXfwLMa9FZuv10="></latexit>
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cross section [Fleming, Hoang, Mantry, Stewart]

<latexit sha1_base64="qQzT9L5Z9lO2xP6cpQJ9gYPiTuo=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmbEJd6CHvQYxSRCZgw1nU7SpLtn6O5RwpD/8OJBEa/+izf/xs4iuD4oeLxXRVW9KOFMG897d3Izs3PzC/nFwtLyyupacX2jruNUEVojMY/VdQSaciZpzTDD6XWiKIiI00bUPx35jVuqNIvllRkkNBTQlazDCBgr3VwGmgkcnIEQ0DKtYslzj32v7Hv4N/Fdb4wSmqLaKr4F7ZikgkpDOGjd9L3EhBkowwinw0KQapoA6UOXNi2VIKgOs/HVQ7xjlTbuxMqWNHisfp3IQGg9EJHtFGB6+qc3Ev/ymqnplMOMySQ1VJLJok7KsYnxKALcZooSwweWAFHM3opJDxQQY4Mq2BA+P8X/k/qe6x+6Bxf7pcrJNI482kLbaBf56AhV0DmqohoiSKF79IienDvnwXl2XiatOWc6s4m+wXn9AFnCknI=</latexit>
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Summary

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

Observables

<latexit sha1_base64="suxqjN8lUubMC9YabJl2cLshZtc="></latexit>

⌧2 =
1

Q
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~nt

X

i

(Ei � |~nt · ~pi|) 2-jettiness

<latexit sha1_base64="XKQf0jmRNCKHNBU1xyO0gplElr8=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARBGGYER91IRTduKxgH9AZhkyatqGZZEgyQhm78FfcuFDErb/hzr8xnVbweeByD+fcS25OlDCqtOu+W4WZ2bn5heJiaWl5ZXXNXt9oKJFKTOpYMCFbEVKEUU7qmmpGWokkKI4YaUaDi7HfvCFSUcGv9TAhQYx6nHYpRtpIob3la5SGCp5BX/ZFiPbzFoV22XVOPbfiufA38Rw3RxlMUQvtN78jcBoTrjFDSrU9N9FBhqSmmJFRyU8VSRAeoB5pG8pRTFSQ5feP4K5ROrArpCmuYa5+3chQrNQwjsxkjHRf/fTG4l9eO9XdSpBRnqSacDx5qJsyqAUchwE7VBKs2dAQhCU1t0LcRxJhbSIrmRA+fwr/J40Dxzt2jq4Oy9XzaRxFsA12wB7wwAmogktQA3WAwS24B4/gybqzHqxn62UyWrCmO5vgG6zXD1qGlbU=</latexit>

⌧s = ⇢a + ⇢b sum of hemisphere masses
<latexit sha1_base64="6lFgsPloHdKCowYgKVfTNwuzZ90=">AAACD3icdVDLSsNAFJ3UV62vqEs3g0URhJAUH3UhFN24rGAf0MQwmU7aoZMHMxOhhPyBG3/FjQtF3Lp15984TSP4PHDhcM693HuPFzMqpGm+a6WZ2bn5hfJiZWl5ZXVNX99oiyjhmLRwxCLe9ZAgjIakJalkpBtzggKPkY43Op/4nRvCBY3CKzmOiROgQUh9ipFUkqvv2hIlbgBPYU4E3Ie2zxFOrSytZYV4XXP1qmmcWGbdMuFvYhlmjioo0HT1N7sf4SQgocQMCdGzzFg6KeKSYkayip0IEiM8QgPSUzREARFOmv+TwR2l9KEfcVWhhLn6dSJFgRDjwFOdAZJD8dObiH95vUT6dSelYZxIEuLpIj9hUEZwEg7sU06wZGNFEOZU3QrxEKk4pIqwokL4/BT+T9o1wzoyDi8Pqo2zIo4y2ALbYA9Y4Bg0wAVoghbA4Bbcg0fwpN1pD9qz9jJtLWnFzCb4Bu31A2wdm68=</latexit>

⌧m = ⌧s +
1

2
⌧2s modified jet mass

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

derivative of partonic soft function

subtraction without derivatives

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
Gap subtraction scheme



Summary

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD
used in previous calibration

used in 
previous 
calibration

Observables

<latexit sha1_base64="suxqjN8lUubMC9YabJl2cLshZtc="></latexit>

⌧2 =
1

Q
min
~nt

X

i

(Ei � |~nt · ~pi|) 2-jettiness

<latexit sha1_base64="XKQf0jmRNCKHNBU1xyO0gplElr8=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARBGGYER91IRTduKxgH9AZhkyatqGZZEgyQhm78FfcuFDErb/hzr8xnVbweeByD+fcS25OlDCqtOu+W4WZ2bn5heJiaWl5ZXXNXt9oKJFKTOpYMCFbEVKEUU7qmmpGWokkKI4YaUaDi7HfvCFSUcGv9TAhQYx6nHYpRtpIob3la5SGCp5BX/ZFiPbzFoV22XVOPbfiufA38Rw3RxlMUQvtN78jcBoTrjFDSrU9N9FBhqSmmJFRyU8VSRAeoB5pG8pRTFSQ5feP4K5ROrArpCmuYa5+3chQrNQwjsxkjHRf/fTG4l9eO9XdSpBRnqSacDx5qJsyqAUchwE7VBKs2dAQhCU1t0LcRxJhbSIrmRA+fwr/J40Dxzt2jq4Oy9XzaRxFsA12wB7wwAmogktQA3WAwS24B4/gybqzHqxn62UyWrCmO5vgG6zXD1qGlbU=</latexit>

⌧s = ⇢a + ⇢b sum of hemisphere masses
<latexit sha1_base64="6lFgsPloHdKCowYgKVfTNwuzZ90=">AAACD3icdVDLSsNAFJ3UV62vqEs3g0URhJAUH3UhFN24rGAf0MQwmU7aoZMHMxOhhPyBG3/FjQtF3Lp15984TSP4PHDhcM693HuPFzMqpGm+a6WZ2bn5hfJiZWl5ZXVNX99oiyjhmLRwxCLe9ZAgjIakJalkpBtzggKPkY43Op/4nRvCBY3CKzmOiROgQUh9ipFUkqvv2hIlbgBPYU4E3Ie2zxFOrSytZYV4XXP1qmmcWGbdMuFvYhlmjioo0HT1N7sf4SQgocQMCdGzzFg6KeKSYkayip0IEiM8QgPSUzREARFOmv+TwR2l9KEfcVWhhLn6dSJFgRDjwFOdAZJD8dObiH95vUT6dSelYZxIEuLpIj9hUEZwEg7sU06wZGNFEOZU3QrxEKk4pIqwokL4/BT+T9o1wzoyDi8Pqo2zIo4y2ALbYA9Y4Bg0wAVoghbA4Bbcg0fwpN1pD9qz9jJtLWnFzCb4Bu31A2wdm68=</latexit>

⌧m = ⌧s +
1

2
⌧2s modified jet mass

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

used in previous calibration

derivative of partonic soft function

subtraction without derivatives

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
Gap subtraction scheme



Summary

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

Observables

<latexit sha1_base64="suxqjN8lUubMC9YabJl2cLshZtc="></latexit>

⌧2 =
1

Q
min
~nt

X

i

(Ei � |~nt · ~pi|) 2-jettiness

<latexit sha1_base64="XKQf0jmRNCKHNBU1xyO0gplElr8=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARBGGYER91IRTduKxgH9AZhkyatqGZZEgyQhm78FfcuFDErb/hzr8xnVbweeByD+fcS25OlDCqtOu+W4WZ2bn5heJiaWl5ZXXNXt9oKJFKTOpYMCFbEVKEUU7qmmpGWokkKI4YaUaDi7HfvCFSUcGv9TAhQYx6nHYpRtpIob3la5SGCp5BX/ZFiPbzFoV22XVOPbfiufA38Rw3RxlMUQvtN78jcBoTrjFDSrU9N9FBhqSmmJFRyU8VSRAeoB5pG8pRTFSQ5feP4K5ROrArpCmuYa5+3chQrNQwjsxkjHRf/fTG4l9eO9XdSpBRnqSacDx5qJsyqAUchwE7VBKs2dAQhCU1t0LcRxJhbSIrmRA+fwr/J40Dxzt2jq4Oy9XzaRxFsA12wB7wwAmogktQA3WAwS24B4/gybqzHqxn62UyWrCmO5vgG6zXD1qGlbU=</latexit>

⌧s = ⇢a + ⇢b sum of hemisphere masses
<latexit sha1_base64="6lFgsPloHdKCowYgKVfTNwuzZ90=">AAACD3icdVDLSsNAFJ3UV62vqEs3g0URhJAUH3UhFN24rGAf0MQwmU7aoZMHMxOhhPyBG3/FjQtF3Lp15984TSP4PHDhcM693HuPFzMqpGm+a6WZ2bn5hfJiZWl5ZXVNX99oiyjhmLRwxCLe9ZAgjIakJalkpBtzggKPkY43Op/4nRvCBY3CKzmOiROgQUh9ipFUkqvv2hIlbgBPYU4E3Ie2zxFOrSytZYV4XXP1qmmcWGbdMuFvYhlmjioo0HT1N7sf4SQgocQMCdGzzFg6KeKSYkayip0IEiM8QgPSUzREARFOmv+TwR2l9KEfcVWhhLn6dSJFgRDjwFOdAZJD8dObiH95vUT6dSelYZxIEuLpIj9hUEZwEg7sU06wZGNFEOZU3QrxEKk4pIqwokL4/BT+T9o1wzoyDi8Pqo2zIo4y2ALbYA9Y4Bg0wAVoghbA4Bbcg0fwpN1pD9qz9jJtLWnFzCb4Bu31A2wdm68=</latexit>

⌧m = ⌧s +
1

2
⌧2s modified jet mass

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

derivative of partonic soft function

subtraction without derivatives

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

new in updated analysis

new in 
updated 
analysis

new in updated analysisGap subtraction scheme



Non-perturbative effects
shape function

partonic soft function

<latexit sha1_base64="7Gme8B3IUEbH+MQ07XnW+/kLB38="></latexit>

F (k;�, {ci}, N) =
1

�

"
NX

n=0

cnfn

✓
k

�

◆#2 model independent description: 
expansion using a basis function 
on Legendre Polynomial

[Ligeti, Tackmann, Stewart, Phys. Rev. D 78, 114014]

<latexit sha1_base64="hPBR4o17j0qdUxxyQFZSHHvgpX8="></latexit>

⌦1(�, �̂, N) =
1

2

Z 1

0
dk k F (k � 2�̂;�, {ci}, N)

most relevant non-perturbative parameter

Truncation at N = 3 sufficient for the calibration

<latexit sha1_base64="8PDiQ6fjfP86AGIRQIOLmi6yN0g="></latexit>

S(`, µS) =

Z
dk Ŝ(5)

⌧ (`� k, �̄, µS)F (k � 2�̂)

renormalon subtraction

<latexit sha1_base64="ITzLncOnc+VOW+MGxoWWe74UCaM=">AAAB+XicdVDLSsNAFL3xWesr6tLNYBFchaT4qAuh6MZlBfuANobJdNIOnUnCzKRQQv/EjQtF3Pon7vwbpw/B54ELh3Pu5d57wpQzpV333VpYXFpeWS2sFdc3Nre27Z3dhkoySWidJDyRrRAryllM65ppTluppFiEnDbDwdXEbw6pVCyJb/Uopb7AvZhFjGBtpMC2OyoTAUMkYHdldIG8wC65zrnnVjwX/Sae405Rgjlqgf3W6SYkEzTWhGOl2p6baj/HUjPC6bjYyRRNMRngHm0bGmNBlZ9PLx+jQ6N0UZRIU7FGU/XrRI6FUiMRmk6BdV/99CbiX14701HFz1mcZprGZLYoyjjSCZrEgLpMUqL5yBBMJDO3ItLHEhNtwiqaED4/Rf+TRtnxTp2Tm+NS9XIeRwH24QCOwIMzqMI11KAOBIZwD4/wZOXWg/VsvcxaF6z5zB58g/X6Aeu4kpA=</latexit>X

i

c2i = 1normalisation:



Calibration procedure
Observables: binned cross section normalised to the fit window

<latexit sha1_base64="5gMcXJjKG1DuvGm1GrC7/Wq2VHg="></latexit>

fQ,i(mt; {a},�0,�) =

R ⌧i+1

⌧i
d⌧ d�(⌧)

d⌧R ⌧max

⌧min
d⌧ d�(⌧)

d⌧

<latexit sha1_base64="sFqAP037zeCuPMG6IazobqLhmcI="></latexit>

�2(mt; {a},�0,�) =
X

Q

X

⌧min⌧i<⌧max

⇥
f theo
Q,i (mt; {a},�0,�)� fMC

Q,i

⇤2

�2
Q,i

Will quote only results for mass and     only 
<latexit sha1_base64="xU5mnsE/xA7YFl9KOXAEC+YBuVc=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw4y4xFvQizcjmAWSIfR0KkmT7pmxu0cIQ37CiwdFvPo73vwbO4vg+qDg8V4VVfXCRHBtPO/dmZtfWFxazq3kV9fWNzYLW9s1HaeKYZXFIlaNkGoUPMKq4UZgI1FIZSiwHg4uxn79DpXmcXRjhgkGkvYi3uWMGis1WlcSe7TttwtFzz3zvZLvkd/Ed70JijBDpV14a3VilkqMDBNU66bvJSbIqDKcCRzlW6nGhLIB7WHT0ohK1EE2uXdE9q3SId1Y2YoMmahfJzIqtR7K0HZKavr6pzcW//KaqemWgoxHSWowYtNF3VQQE5Px86TDFTIjhpZQpri9lbA+VZQZG1HehvD5Kfmf1A5d/8Q9vj4qls9nceRgF/bgAHw4hTJcQgWqwEDAPTzCk3PrPDjPzsu0dc6ZzezANzivH949j+I=</latexit>

⌦1

Use fortran-2008 code CALIPER paired with python analysis tools

only MC statistical uncertainties



Results

0.0 0.5 1.0 1.5 2.0

0.0 0.5 1.0 1.5 2.0

Ω1 [GeV]

value ± theo. ± incomp. (χ2/dof)

0.32 ± 0.16 ± 0.04 (16.4±7.0)

0.56 ± 0.16 ± 0.04 (14.1±8.9)

0.19 ± 0.12 ± 0.06 (21.2±11.5)

0.16 ± 0.06 ± 0.04 (12.9±7.9)

0.70 ± 0.18 ± 0.37 (15.4±6.9)

0.61 ± 0.18 ± 0.02 (13.2±10.2)

0.23 ± 0.08 ± 0.05 (20.9±13.8)

0.23 ± 0.07 ± 0.03 (12.1±8.5)

0.33 ± 0.16 ± 0.04 (14.2±6.3)

0.57 ± 0.16 ± 0.03 (12.2±8.1)

0.18 ± 0.14 ± 0.07 (17.9±10.0)

0.17 ± 0.06 ± 0.04 (11.1±7.1)

0.35 ± 0.15 ± 0.04 (17.1±6.9)

0.58 ± 0.16 ± 0.03 (15.4±9.7)

0.21 ± 0.11 ± 0.06 (19.8±12.9)

0.21 ± 0.07 ± 0.03 (17.1±10.6)

0.38 ± 0.14 ± 0.03 (16.9±6.8)

0.62 ± 0.18 ± 0.03 (15.1±10.7)

0.24 ± 0.09 ± 0.04 (20.1±14.8)

0.23 ± 0.09 ± 0.03 (16.5±10.8)

0.35 ± 0.16 ± 0.03 (15.0±6.4)

0.59 ± 0.16 ± 0.03 (13.4±8.9)

0.20 ± 0.13 ± 0.06 (16.7±11.1)

0.21 ± 0.07 ± 0.04 (15.0±9.6)

0.33 ± 0.15 ± 0.07 (22.2±11.7)

0.23 ± 0.18 ± 0.04 (15.9±9.4)

0.00 ± 0.20 ± 0.11 (5.6±3.8)

-0.08 ± 0.19 ± 0.02 (26.6±26.1)

0.37 ± 0.13 ± 0.06 (22.0±12.2)

0.26 ± 0.21 ± 0.02 (15.5±9.7)

-0.06 ± 0.28 ± 0.05 (4.3±3.4)

-0.12 ± 0.21 ± 0.05 (23.3±19.5)

0.34 ± 0.16 ± 0.07 (19.5±10.4)

0.24 ± 0.19 ± 0.03 (13.9±8.5)

-0.03 ± 0.23 ± 0.09 (4.4±3.0)

-0.13 ± 0.20 ± 0.06 (23.2±22.2)

Results for Pythia with a fixed value of MC mass



Results
Scan over several values of the MC top mass parameter

<latexit sha1_base64="p9ShHqMhnyYilTB+k9nM4HlsjZI="></latexit>

mPythia
t = mMSR

t (1GeV) + 0.03(21)GeV
<latexit sha1_base64="f1MDoieU2yLSovZh6k6Cfk6qirQ="></latexit>

mHerwig

t = mMSR
t (1GeV) + 0.12(25)GeV

<latexit sha1_base64="dYmrBubLDCZHRbSy1bTBqeJpQCw="></latexit>

mSherpa
t = mMSR

t (1GeV) + 0.19(21)GeV

MC mass equals MSR mass within errors



Results

<latexit sha1_base64="FZxHxb8CUO3od+u5a13MNWGCmnA="></latexit>

mPythia
t = mpole

t + 0.35(30)GeV
<latexit sha1_base64="F9Tww+P8zr4eDzT3TClwY9F9Jqc="></latexit>

mHerwig

t = mpole
t + 0.61(47)GeV

<latexit sha1_base64="R4ZeHLoNlmFDKxVoaYmC2jGRxPQ="></latexit>

mSherpa
t = mpole

t + 0.62(39)GeV

Scan over several values of the MC top mass parameter

MC mass is NOT the pole mass (as assumed many times)



Conclusions
Calibration setup is robust: insensitive to observable, gap and even MC 

All sources of mass power corrections must be under control 

MC top quark mass is definitely not the pole mass

Outlook
Upgrade calibration to N3LL 

Include more observables (C-parameter) 

Include sub-leading unstable top effects 

Formalism can be applied to massless event shape peak fits



Comparison theory vs MC



Further details

Computation of pert. uncertainties: random scan

fix                     and
<latexit sha1_base64="MjN2m7wpLPjUv0Iql2VkaNxmb7U=">AAACAnicdVDLSgMxFM34rPU16krcBIvQboaMWK0LoejGZQX7wHYcMmnahiYzQ5IRylDc+CtuXCji1q9w59+YPgSfBy4czrmXe+8JYs6URujdmpmdm19YzCxll1dW19btjc2aihJJaJVEPJKNACvKWUirmmlOG7GkWASc1oP+2civ31CpWBRe6kFMPYG7IeswgrWRfHu7hXncw766TvPFwjAv/KvCCXJct+TbOeQcu6jkIvibuA4aIwemqPj2W6sdkUTQUBOOlWq6KNZeiqVmhNNhtpUoGmPSx13aNDTEgiovHb8whHtGacNOJE2FGo7VrxMpFkoNRGA6BdY99dMbiX95zUR3Sl7KwjjRNCSTRZ2EQx3BUR6wzSQlmg8MwUQycyskPSwx0Sa1rAnh81P4P6ntO+6hU7w4yJVPp3FkwA7YBXnggiNQBuegAqqAgFtwDx7Bk3VnPVjP1sukdcaazmyBb7BePwCaLZWk</latexit>

↵(5)
s (mZ) = 0.118

<latexit sha1_base64="0KTXTIse5fblL4I77Jn7pzmVcZ8=">AAACBnicdVDLSsNAFJ3UV62vqEsRRovgQkIiVetCKLqoywr2AU0Ik+m0HTqThJmJUEJWbvwVNy4Uces3uPNvnD4EnwcuHM65l3vvCWJGpbLtdyM3Mzs3v5BfLCwtr6yumesbDRklApM6jlgkWgGShNGQ1BVVjLRiQRAPGGkGg4uR37whQtIovFbDmHgc9ULapRgpLfnmtltFnCM/dXdUBs+gY5Xcg9QVHFZJI/PNom2dOnbZseFv4lj2GEUwRc0339xOhBNOQoUZkrLt2LHyUiQUxYxkBTeRJEZ4gHqkrWmIOJFeOn4jg3ta6cBuJHSFCo7VrxMp4lIOeaA7OVJ9+dMbiX957UR1y15KwzhRJMSTRd2EQRXBUSawQwXBig01QVhQfSvEfSQQVjq5gg7h81P4P2kcWs6xdXRVKlbOp3HkwRbYBfvAASegAi5BDdQBBrfgHjyCJ+POeDCejZdJa86YzmyCbzBePwDm0ZeE</latexit>

�t = 1.4GeV

Incompatibility uncertainty: comparison of different datasets

Summary: find λ-, observable- and gap scheme-independent results

find      is mt-independent
<latexit sha1_base64="xU5mnsE/xA7YFl9KOXAEC+YBuVc=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw4y4xFvQizcjmAWSIfR0KkmT7pmxu0cIQ37CiwdFvPo73vwbO4vg+qDg8V4VVfXCRHBtPO/dmZtfWFxazq3kV9fWNzYLW9s1HaeKYZXFIlaNkGoUPMKq4UZgI1FIZSiwHg4uxn79DpXmcXRjhgkGkvYi3uWMGis1WlcSe7TttwtFzz3zvZLvkd/Ed70JijBDpV14a3VilkqMDBNU66bvJSbIqDKcCRzlW6nGhLIB7WHT0ohK1EE2uXdE9q3SId1Y2YoMmahfJzIqtR7K0HZKavr6pzcW//KaqemWgoxHSWowYtNF3VQQE5Px86TDFTIjhpZQpri9lbA+VZQZG1HehvD5Kfmf1A5d/8Q9vj4qls9nceRgF/bgAHw4hTJcQgWqwEDAPTzCk3PrPDjPzsu0dc6ZzezANzivH949j+I=</latexit>

⌦1

Hadronization models very different in the three MC
… therefore the value of λ must be chosen differently

fix λ and fit for mass, angles and    . Scan over 
<latexit sha1_base64="R9XH3RBV/HfE6nhVoPsDWbvWY0I=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPYUZc4i2oB48RzALJEHo6PUmTnp6xu0YIQ37CiwdFvPo73vwbO4vg+qDg8V4VVfWCRAqDrvvuzM0vLC4t51byq2vrG5uFre26iVPNeI3FMtbNgBouheI1FCh5M9GcRoHkjWBwMfYbd1wbEasbHCbcj2hPiVAwilZqti+5RNpxO4WiWzrz3LLnkt/EK7kTFGGGaqfw1u7GLI24QiapMS3PTdDPqEbBJB/l26nhCWUD2uMtSxWNuPGzyb0jsm+VLgljbUshmahfJzIaGTOMAtsZUeybn95Y/MtrpRiW/UyoJEWu2HRRmEqCMRk/T7pCc4ZyaAllWthbCetTTRnaiPI2hM9Pyf+kfljyTkrH10fFyvksjhzswh4cgAenUIErqEINGEi4h0d4cm6dB+fZeZm2zjmzmR34Buf1A94Wj+I=</latexit>

�0

<latexit sha1_base64="z7X+kn8SgtoScm35QKjVwHZMY8U=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiB4GmbEJd6CuXgRIpgFMmPo6XSSJt09Q3eNEIb8hhcPinj1Z7z5N3YWwfVBweO9KqrqRYngBjzv3cktLC4tr+RXC2vrG5tbxe2dholTTVmdxiLWrYgYJrhideAgWCvRjMhIsGY0rE785h3ThsfqBkYJCyXpK97jlICVAtmB2yzQEl9Vx51iyXPPfa/se/g38V1vihKao9YpvgXdmKaSKaCCGNP2vQTCjGjgVLBxIUgNSwgdkj5rW6qIZCbMpjeP8YFVurgXa1sK8FT9OpERacxIRrZTEhiYn95E/Mtrp9ArhxlXSQpM0dmiXiowxHgSAO5yzSiIkSWEam5vxXRANKFgYyrYED4/xf+TxpHrn7on18elysU8jjzaQ/voEPnoDFXQJaqhOqIoQffoET05qfPgPDsvs9acM5/ZRd/gvH4ACq2Rtg==</latexit>

mMC
t



Theoretical description

Compute the same 
observable (at 
hadron level) in

parton shower MC

first-principle QCD

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢ Pythia 8.205

herwig 7.2.1

sherpa 2.2.11

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢

<latexit sha1_base64="MnY5dYUi/swSs9ukSQUWZBbX1jo=">AAAB73icdVDLSsNAFL2pr1pfUZduBovgKiTio+6KblxWsA9oQplMJ+nQySTOTIQS+hNuXCji1t9x5984fQg+D1w4nHMv994TZpwp7brvVmlhcWl5pbxaWVvf2Nyyt3daKs0loU2S8lR2QqwoZ4I2NdOcdjJJcRJy2g6HlxO/fUelYqm40aOMBgmOBYsYwdpIHT9kccz9omdXXefcc2uei34Tz3GnqMIcjZ795vdTkidUaMKxUl3PzXRQYKkZ4XRc8XNFM0yGOKZdQwVOqAqK6b1jdGCUPopSaUpoNFW/ThQ4UWqUhKYzwXqgfnoT8S+vm+uoFhRMZLmmgswWRTlHOkWT51GfSUo0HxmCiWTmVkQGWGKiTUQVE8Lnp+h/0jpyvFPn5Pq4Wr+Yx1GGPdiHQ/DgDOpwBQ1oAgEO9/AIT9at9WA9Wy+z1pI1n9mFb7BePwB00ZBF</latexit>⇢
bHQET
SCET

FO QCD

peak region
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profile functions and their variation

peak region only


