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Fixed-order predictions @      [CPC 185 (2014) 3331] 
Resummation at N3LL (SCET) [JHEP 07 (2008) 034] 
Dijet power corrections [PRD 75 (2007) 014022] 
Soft renormalon subtraction [PLB 660 (2008) 483-493]
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Motivated fits to data to obtain strong coupling

Thrust [PRD 83 (2011) 074021, EPJC 73 (2013) 1, 2265] 
Thrust moments [PRD 86 (2012) 094002] 
C-parameter [PRD 91 (2015) 9, 094017-18] 
Moments to many event-shapes [EPJC 67 (2010) 57-72]

Experimental data on event shapes also very precise

More than a decade ago, the theoretical description of event-
shape distribution got boosted
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Although    was obtained with high accuracy, the central value is 
uncomfortably small (compared to world average)
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This has raised controversy in recent years
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Low values confirmed by recent analysis
[Bell, Lee, Makris, Talbert, Yan, 2311.03990]



Review on strong coupling 
fits from event-shape 

distributions



Theoretical overview



Partonic cross section
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large Sudakov logs, need resummation

factorisation achieved in SCET, resummation through RG evolution
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[Schwartz PRD 77 (2008) 014026]
[Becher & Schwartz JHEP 07 (2008) 034]

[Fleming, Hoang, Mantry, Stewart PRD 77 (2008) 074010]

[Bauer, Fleming, Lee, Sterman PRD 78 (2008) 034027]
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resummation is 
switched off 

“canonical” 
scale setting

Partonic cross section

large Sudakov logs, need resummation

factorisation achieved in SCET, resummation through RG evolution
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Non-singular is a power correction in peak and tail

resummation in non-singular is work in progress (known @ LL)
as important as singular in far-tail region

Partonic cross section

large Sudakov logs, need resummation

factorisation achieved in SCET, resummation through RG evolution
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[PRD 91 (2015) 9, 094017]

non-
perturbative

can
oni

cal

no resummation

Partonic cross section

cross section totally dominated 
by dijet for 
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⌧ < 0.11

The soft function has an u = 1/2 renormalon that must be removed
[PLB 660 (2008) 483-493]

Use soft gap subtractions [see talk by M. Benitez]

Other subtractions & profile for subtraction scale: [see talk by C. Lee]
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Hadronization corrections
Dominant source of non-
perturbative corrections

modes with lowest virtuality
confined to soft function

[Korchemsky, Sterman] [Hoang, Stewart]

OPE: valid in the tail
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' Ŝ⌧ (`� ⌦⌧

1)
shape 
function



Hadronization corrections
Dominant source of non-
perturbative corrections

modes with lowest virtuality
confined to soft function
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Hadronization corrections
Dominant source of non-
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modes with lowest virtuality
confined to soft function

[Korchemsky, Sterman] [Hoang, Stewart]
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d`0Ŝ⌧ (`� `0)F (`0) ' Ŝ⌧ (`)� ⌦⌧
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because 2-jet configuration is “unique”

Implications for the cross section

shape 
function



Fit results



Results
Fit to thrust data at many c.o.m. energies

Use minimal overlap model for experimental correlations
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Results
Fit to thrust data at many c.o.m. energies

Use minimal overlap model for experimental correlations

Perform random scan on perturbative parameters to account for 
theory correlations

Updated results in [talk by M. Benitez]
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Caveats on fit results
Main point of concern: dataset in fits includes 3-jet region

assuming the 2-jet power correction is valid there



Caveats on fit results

assuming the 2-jet power correction is valid there

if singular and ns shifted 
differently, cancellation ruined

Motivations for such assumption: 
Ensures singular-vs non-singular cancellation

Main point of concern: dataset in fits includes 3-jet region



Caveats on fit results

assuming the 2-jet power correction is valid there

fit region far tail

Motivations for such assumption: 
Ensures singular-vs non-singular cancellation 
Data suggests such behaviour 

Main point of concern: dataset in fits includes 3-jet region

not a fit



Caveats on fit results

assuming the 2-jet power correction is valid there

Motivations for such assumption: 
Ensures singular-vs non-singular cancellation 
Data suggests such behaviour 
If singular terms dominate, this is justified

in most of the fit region, singular 
clearly dominates 

dijet region obviously exists!!!

more conservative analysis: 
restrict fit region [see talk by M. Benitez]

Main point of concern: dataset in fits includes 3-jet region



Recent Progress in power corrections



Recent studies of power corrections

Luisoni, Monni, Salam [EPJC 81 (2021) 2, 158]

Use dispersive model to “compute” power correction at C = 3/4 

Find that, within that model
<latexit sha1_base64="wbszS6+Tz5zadr3ondKyzTy2S8c=">AAACIHicdVDLSgMxFM3Ud31VXboJFsGFlplqW92JbtypYB/QqSWT3raxycyYZIQy9FPc+CtuXCiiO/0a04dYXwcCh3PO5eYeL+RMadt+sxITk1PTM7NzyfmFxaXl1MpqSQWRpFCkAQ9kxSMKOPOhqJnmUAklEOFxKHud475fvgGpWOBf6G4INUFaPmsySrSR6qmCeyqgRerOZZzdiV0p8BXoXg+7igm4xll3+yuwOxaop9J25qCQy+UP8G/iZOwB0miEs3rq1W0ENBLga8qJUlXHDnUtJlIzyqGXdCMFIaEd0oKqoT4RoGrx4MAe3jRKAzcDaZ6v8UAdn4iJUKorPJMURLfVT68v/uVVI93cr8XMDyMNPh0uakYc6wD328INJoFq3jWEUMnMXzFtE0moNp0mTQmfl+L/SSmbcfKZ/Ple+vBoVMcsWkcbaAs5qIAO0Qk6Q0VE0S26R4/oybqzHqxn62UYTVijmTX0Ddb7BycUow0=</latexit>

⌦2�jet
1 ' 2⌦3�jet

1



Recent studies of power corrections

Luisoni, Monni, Salam [EPJC 81 (2021) 2, 158]

Use dispersive model to “compute” power correction at C = 3/4 

Find that, within that model
<latexit sha1_base64="wbszS6+Tz5zadr3ondKyzTy2S8c=">AAACIHicdVDLSgMxFM3Ud31VXboJFsGFlplqW92JbtypYB/QqSWT3raxycyYZIQy9FPc+CtuXCiiO/0a04dYXwcCh3PO5eYeL+RMadt+sxITk1PTM7NzyfmFxaXl1MpqSQWRpFCkAQ9kxSMKOPOhqJnmUAklEOFxKHud475fvgGpWOBf6G4INUFaPmsySrSR6qmCeyqgRerOZZzdiV0p8BXoXg+7igm4xll3+yuwOxaop9J25qCQy+UP8G/iZOwB0miEs3rq1W0ENBLga8qJUlXHDnUtJlIzyqGXdCMFIaEd0oKqoT4RoGrx4MAe3jRKAzcDaZ6v8UAdn4iJUKorPJMURLfVT68v/uVVI93cr8XMDyMNPh0uakYc6wD328INJoFq3jWEUMnMXzFtE0moNp0mTQmfl+L/SSmbcfKZ/Ple+vBoVMcsWkcbaAs5qIAO0Qk6Q0VE0S26R4/oybqzHqxn62UYTVijmTX0Ddb7BycUow0=</latexit>

⌦2�jet
1 ' 2⌦3�jet

1

Caveat: the dispersive model has a single non-perturbative 
parameter, hence all power corrections are related to one another



Recent studies of power corrections

Luisoni, Monni, Salam [EPJC 81 (2021) 2, 158]

Use dispersive model to “compute” power correction at C = 3/4 

Find that, within that model
<latexit sha1_base64="wbszS6+Tz5zadr3ondKyzTy2S8c=">AAACIHicdVDLSgMxFM3Ud31VXboJFsGFlplqW92JbtypYB/QqSWT3raxycyYZIQy9FPc+CtuXCiiO/0a04dYXwcCh3PO5eYeL+RMadt+sxITk1PTM7NzyfmFxaXl1MpqSQWRpFCkAQ9kxSMKOPOhqJnmUAklEOFxKHud475fvgGpWOBf6G4INUFaPmsySrSR6qmCeyqgRerOZZzdiV0p8BXoXg+7igm4xll3+yuwOxaop9J25qCQy+UP8G/iZOwB0miEs3rq1W0ENBLga8qJUlXHDnUtJlIzyqGXdCMFIaEd0oKqoT4RoGrx4MAe3jRKAzcDaZ6v8UAdn4iJUKorPJMURLfVT68v/uVVI93cr8XMDyMNPh0uakYc6wD328INJoFq3jWEUMnMXzFtE0moNp0mTQmfl+L/SSmbcfKZ/Ple+vBoVMcsWkcbaAs5qIAO0Qk6Q0VE0S26R4/oybqzHqxn62UYTVijmTX0Ddb7BycUow0=</latexit>

⌦2�jet
1 ' 2⌦3�jet

1

Caveat: the dispersive model has a single non-perturbative 
parameter, hence all power corrections are related to one another

Real-life computation: needs an operator definition

2-jet: in terms of 4 Wilson lines

3-jet: in terms of 6 Wilson lines

<latexit sha1_base64="qEq4XW2GcULq1lbsO+v72FBfyQ0=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKqRiW7srdeOygn1AE8pkOkmHTiZxZiKU0J9w40IRt/6OO//G6UPweeDC4Zx7ufceP+FMacd5t3Irq2vrG/nNwtb2zu5ecf+go+JUEtomMY9lz8eKciZoWzPNaS+RFEc+p11/fDnzu3dUKhaLGz1JqBfhULCAEayN1HObLAylOx0US45dr1Uq1Tr6Tcq2M0cJlmgNim/uMCZpRIUmHCvVLzuJ9jIsNSOcTgtuqmiCyRiHtG+owBFVXja/d4pOjDJEQSxNCY3m6teJDEdKTSLfdEZYj9RPbyb+5fVTHVx4GRNJqqkgi0VBypGO0ex5NGSSEs0nhmAimbkVkRGWmGgTUcGE8Pkp+p90zuxy1a5en5cazWUceTiCYziFMtSgAVfQgjYQ4HAPj/Bk3VoP1rP1smjNWcuZQ/gG6/UDr2GQcA==</latexit>)

can’ t be related

Non-perturbative vacuum matrix element of different operators



Recent studies of power corrections

Luisoni, Monni, Salam [EPJC 81 (2021) 2, 158]

Use dispersive model to “compute” power correction at C = 3/4 

Find that, within that model
<latexit sha1_base64="wbszS6+Tz5zadr3ondKyzTy2S8c=">AAACIHicdVDLSgMxFM3Ud31VXboJFsGFlplqW92JbtypYB/QqSWT3raxycyYZIQy9FPc+CtuXCiiO/0a04dYXwcCh3PO5eYeL+RMadt+sxITk1PTM7NzyfmFxaXl1MpqSQWRpFCkAQ9kxSMKOPOhqJnmUAklEOFxKHud475fvgGpWOBf6G4INUFaPmsySrSR6qmCeyqgRerOZZzdiV0p8BXoXg+7igm4xll3+yuwOxaop9J25qCQy+UP8G/iZOwB0miEs3rq1W0ENBLga8qJUlXHDnUtJlIzyqGXdCMFIaEd0oKqoT4RoGrx4MAe3jRKAzcDaZ6v8UAdn4iJUKorPJMURLfVT68v/uVVI93cr8XMDyMNPh0uakYc6wD328INJoFq3jWEUMnMXzFtE0moNp0mTQmfl+L/SSmbcfKZ/Ple+vBoVMcsWkcbaAs5qIAO0Qk6Q0VE0S26R4/oybqzHqxn62UYTVijmTX0Ddb7BycUow0=</latexit>

⌦2�jet
1 ' 2⌦3�jet

1

Caveat: the dispersive model has a single non-perturbative 
parameter, hence all power corrections are related to one another

2-jet: in terms of 4 Wilson lines

3-jet: in terms of 6 Wilson lines

<latexit sha1_base64="qEq4XW2GcULq1lbsO+v72FBfyQ0=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKqRiW7srdeOygn1AE8pkOkmHTiZxZiKU0J9w40IRt/6OO//G6UPweeDC4Zx7ufceP+FMacd5t3Irq2vrG/nNwtb2zu5ecf+go+JUEtomMY9lz8eKciZoWzPNaS+RFEc+p11/fDnzu3dUKhaLGz1JqBfhULCAEayN1HObLAylOx0US45dr1Uq1Tr6Tcq2M0cJlmgNim/uMCZpRIUmHCvVLzuJ9jIsNSOcTgtuqmiCyRiHtG+owBFVXja/d4pOjDJEQSxNCY3m6teJDEdKTSLfdEZYj9RPbyb+5fVTHVx4GRNJqqkgi0VBypGO0ex5NGSSEs0nhmAimbkVkRGWmGgTUcGE8Pkp+p90zuxy1a5en5cazWUceTiCYziFMtSgAVfQgjYQ4HAPj/Bk3VoP1rP1smjNWcuZQ/gG6/UDr2GQcA==</latexit>)

In certain limits, direction 
of WLs are fixed 

Real-life computation: needs an operator definition

2-jet

shoulder
can’ t be related



Recent studies of power corrections
Caola et al. [JHEP 12 (2022) 062]    [see talk by P. Nason]

Use large-β0 limit, giving the gluon a small mass 

Power correction given by term linear in mg



Recent studies of power corrections

<latexit sha1_base64="3taflxmhnKuPnTATbU9cZfbKatA="></latexit>

d�

d⌧
=

d�̂

d⌧


⌧ � ⌦⌧

1⇣⌧ (⌧)

Q

�

Power correction is a shift, 
but the shift is   dependent<latexit sha1_base64="iJ6PKGZMVmjAyBjQjEYyIEmQC0A=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiRV2rorunFZwT6gDWUynbRDZ5IwMxFK6C+4caGIW3/InX/jpI34QA9cOJxzL/fe48ecKe0471ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc5C2tZMc9qLJcXC57TrT68yv3tHpWJReKtnMfUEHocsYATrTBponAzLFce+qFUbZ3WUk8YXcW1ngQrkaA3Lb4NRRBJBQ004VqrvOrH2Uiw1I5zOS4NE0RiTKR7TvqEhFlR56eLWOToxyggFkTQVarRQv0+kWCg1E77pFFhP1G8vE//y+okOGl7KwjjRNCTLRUHCkY5Q9jgaMUmJ5jNDMJHM3IrIBEtMtImnZEL4/BT9TzpV263ZtZvzSvMyj6MIR3AMp+BCHZpwDS1oA4EJ3MMjPFnCerCerZdla8HKZw7hB6zXD7+gjr4=</latexit>⌧

Use large-β0 limit, giving the gluon a small mass 

Power correction given by term linear in mg

2-jet p.c. 3-jet p.c.

Caola et al. [JHEP 12 (2022) 062]    [see talk by P. Nason]



Recent studies of power corrections

<latexit sha1_base64="3taflxmhnKuPnTATbU9cZfbKatA="></latexit>

d�

d⌧
=

d�̂

d⌧


⌧ � ⌦⌧

1⇣⌧ (⌧)

Q

�

Power correction is a shift, 
but the shift is   dependent<latexit sha1_base64="iJ6PKGZMVmjAyBjQjEYyIEmQC0A=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiRV2rorunFZwT6gDWUynbRDZ5IwMxFK6C+4caGIW3/InX/jpI34QA9cOJxzL/fe48ecKe0471ZhZXVtfaO4Wdra3tndK+8fdFSUSELbJOKR7PlYUc5C2tZMc9qLJcXC57TrT68yv3tHpWJReKtnMfUEHocsYATrTBponAzLFce+qFUbZ3WUk8YXcW1ngQrkaA3Lb4NRRBJBQ004VqrvOrH2Uiw1I5zOS4NE0RiTKR7TvqEhFlR56eLWOToxyggFkTQVarRQv0+kWCg1E77pFFhP1G8vE//y+okOGl7KwjjRNCTLRUHCkY5Q9jgaMUmJ5jNDMJHM3IrIBEtMtImnZEL4/BT9TzpV263ZtZvzSvMyj6MIR3AMp+BCHZpwDS1oA4EJ3MMjPFnCerCerZdla8HKZw7hB6zXD7+gjr4=</latexit>⌧

Use large-β0 limit, giving the gluon a small mass 

Power correction given by term linear in mg

very steep falloff

implies dijet does not exist!

Assume gluon mass is the smallest scale in the problem
Assume 3 jets can be resolved in di-jet regions

Caveats

Caola et al. [JHEP 12 (2022) 062]    [see talk by P. Nason]



Recent studies of power corrections

very steep falloff

but it does… and overly dominates!

implies dijet does not exist!

Caola et al. [JHEP 12 (2022) 062]    [see talk by P. Nason]



Recent studies of power corrections

seems more natural

but it does… and overly dominates!

di-jet dominates for a while and 
then smoothly becomes the 3-jet 
power correction

exact form not known: one must 
investigate the effect of varying 
its functional form on uncertainty

Caola et al. [JHEP 12 (2022) 062]    [see talk by P. Nason]



Recent studies of power corrections
Caola et al. [JHEP 12 (2022) 062]

since power correction grows in 
the fit region, one expects     will 
come out smaller when fitting

variation quite mild  
in fit region (30%) 0.65

0.87

expect mild effect 
on     fits<latexit sha1_base64="4HbGNHdFHJxIymIYDw51yasb+cs=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yUJN6CXjxGMAskQ6jp9CRNeha7e4QQ8hNePCji1d/x5t/YSUZc0AcFj/eqqKrnJ4Ir7Tjv1tLyyuraem4jv7m1vbNb2NtvqjiVlDVoLGLZ9lExwSPW0FwL1k4kw9AXrOWPLmd+645JxePoRo8T5oU4iHjAKWojtbsokiH2VK9QdOzzcql6WiEZqX4R13bmKEKGeq/w1u3HNA1ZpKlApTquk2hvglJzKtg0300VS5COcMA6hkYYMuVN5vdOybFR+iSIpalIk7n6fWKCoVLj0DedIeqh+u3NxL+8TqqDqjfhUZJqFtHFoiAVRMdk9jzpc8moFmNDkEpubiV0iBKpNhHlTQifn5L/SbNku2W7fH1WrF1kceTgEI7gBFyoQA2uoA4NoCDgHh7hybq1Hqxn62XRumRlMwfwA9brB7dbkHQ=</latexit>↵s

<latexit sha1_base64="4HbGNHdFHJxIymIYDw51yasb+cs=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yUJN6CXjxGMAskQ6jp9CRNeha7e4QQ8hNePCji1d/x5t/YSUZc0AcFj/eqqKrnJ4Ir7Tjv1tLyyuraem4jv7m1vbNb2NtvqjiVlDVoLGLZ9lExwSPW0FwL1k4kw9AXrOWPLmd+645JxePoRo8T5oU4iHjAKWojtbsokiH2VK9QdOzzcql6WiEZqX4R13bmKEKGeq/w1u3HNA1ZpKlApTquk2hvglJzKtg0300VS5COcMA6hkYYMuVN5vdOybFR+iSIpalIk7n6fWKCoVLj0DedIeqh+u3NxL+8TqqDqjfhUZJqFtHFoiAVRMdk9jzpc8moFmNDkEpubiV0iBKpNhHlTQifn5L/SbNku2W7fH1WrF1kceTgEI7gBFyoQA2uoA4NoCDgHh7hybq1Hqxn62XRumRlMwfwA9brB7dbkHQ=</latexit>↵s



Concerns on Caola et al.
Same problems as Luisoni et al.

Gluon mass “universal” non-perturbative parameter

No operator definition was given
One would expect operator with 6 WLs with variable directions

a single thrust value requires varying the WLs direction



Concerns on Caola et al.
Same problems as Luisoni et al.

No operator definition was given
One would expect operator with 6 WLs with variable directions

a single thrust value requires varying the WLs direction

Conceptual issue: 3 jets cannot be resolved for small tau values

scaling of jet momentum:

<latexit sha1_base64="8KagpZtGwfJAB7Qs2w7khEzU7vo=">AAACA3icdZDLSsNAFIYnXmu8Rd3pZrAIghiSKm3dFXXhsgV7gSYtk+m0HTq5MDMRSii48VXcuFDErS/hzrdxmka8oD8MfPznHM6c34sYFdKy3rW5+YXFpeXcir66tr6xaWxtN0QYc0zqOGQhb3lIEEYDUpdUMtKKOEG+x0jTG11M680bwgUNg2s5jojro0FA+xQjqayusRt1jh1BfVhzHD3qHKXsXBImUdfIW+ZZsVA+KcEMyl9gm1aqPMhU7RpvTi/EsU8CiRkSom1bkXQTxCXFjEx0JxYkQniEBqStMEA+EW6S3jCBB8rpwX7I1QskTN3vEwnyhRj7nur0kRyK37Wp+VetHct+2U1oEMWSBHi2qB8zKEM4DQT2KCdYsrEChDlVf4V4iDjCUsWmqxA+L4X/Q6Ng2kWzWDvNV86zOHJgD+yDQ2CDEqiAK1AFdYDBLbgHj+BJu9MetGftZdY6p2UzO+CHtNcPuAiW/A==</latexit>

p� ⇠ Q

p+ ⇠ �

<latexit sha1_base64="ZFg+GYZXvg2pSILQffnuQEDAW8Q=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRV2rordeOygn1AE8pkOkmHTh7OTIQS+hNuXCji1t9x5984bSM+0AMXDufcy733eAlnUlnWu1FYWV1b3yhulra2d3b3yvsHXRmngtAOiXks+h6WlLOIdhRTnPYTQXHocdrzJpdzv3dHhWRxdKOmCXVDHETMZwQrLfWdFgsC4cyG5YplXtSqjbM6yknji9imtUAFcrSH5TdnFJM0pJEiHEs5sK1EuRkWihFOZyUnlTTBZIIDOtA0wiGVbra4d4ZOtDJCfix0RQot1O8TGQ6lnIae7gyxGsvf3lz8yxukym+4GYuSVNGILBf5KUcqRvPn0YgJShSfaoKJYPpWRMZYYKJ0RCUdwuen6H/SrZp2zaxdn1earTyOIhzBMZyCDXVowhW0oQMEONzDIzwZt8aD8Wy8LFsLRj5zCD9gvH4AmDqQYA==</latexit>)

<latexit sha1_base64="J9PUyLAZUGxwMV3IXjRMTAFhC4o=">AAACCXicdVBNS8NAEN34WetX1KOXxSIo1pKo1HoQil48VrBaaNqy2U7bxU2y7G6EEnr14l/x4kERr/4Db/4bt23ED/TBwOO9GWbm+YIzpR3n3ZqYnJqemc3MZecXFpeW7ZXVSxXFkkKVRjySNZ8o4CyEqmaaQ01IIIHP4cq/Ph36VzcgFYvCC90X0AhIN2QdRok2UsvGoukFMT7GW6K5kxfN3bx3AxSLVuIJkGKw3bJzTuGouFfaP8QpKX0Rt+CMkEMpKi37zWtHNA4g1JQTpequI3QjIVIzymGQ9WIFgtBr0oW6oSEJQDWS0ScDvGmUNu5E0lSo8Uj9PpGQQKl+4JvOgOie+u0Nxb+8eqw7pUbCQhFrCOl4USfmWEd4GAtuMwlU874hhEpmbsW0RySh2oSXNSF8for/J5d7BbdYKJ4f5MonaRwZtI420BZy0SEqozNUQVVE0S26R4/oybqzHqxn62XcOmGlM2voB6zXD6WvmRs=</latexit>

pµ = (p+, p�, ~p?)

<latexit sha1_base64="B5WKe9pVICx8T1ZvaDcWcd3SChM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIqbd0VdeGygn1AG8pketOOnUzCzEQoof/gxoUibv0fd/6N0zbiAz1w4XDOvdx7jx9zprTjvFu5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs4ENDXTHDqxBBL6HNr++GLmt+9AKhaJGz2JwQvJULCAUaKN1OpdAtekXyw59lmlXDup4ozUvohrO3OUUIZGv/jWG0Q0CUFoyolSXdeJtZcSqRnlMC30EgUxoWMyhK6hgoSgvHR+7RQfGWWAg0iaEhrP1e8TKQmVmoS+6QyJHqnf3kz8y+smOqh5KRNxokHQxaIg4VhHePY6HjAJVPOJIYRKZm7FdEQkodoEVDAhfH6K/yetsu1W7Mr1aal+nsWRRwfoEB0jF1VRHV2hBmoiim7RPXpET1ZkPVjP1suiNWdlM/voB6zXD/7/j3I=</latexit>

� can be estimated from 
peak position or size 
of 

<latexit sha1_base64="w1/2qtaGZhlEIpDmHHgY9YtgujA=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRV2rorunFnBfuANpTJdNIOnUnizEQooT/hxoUibv0dd/6N0zbiAz1w4XDOvdx7jx9zprTjvFu5peWV1bX8emFjc2t7p7i711JRIgltkohHsuNjRTkLaVMzzWknlhQLn9O2P76Y+e07KhWLwhs9iakn8DBkASNYG6nTuxJ0iPtuv1hy7LNKuXZSRRmpfRHXduYoQYZGv/jWG0QkETTUhGOluq4Tay/FUjPC6bTQSxSNMRnjIe0aGmJBlZfO752iI6MMUBBJU6FGc/X7RIqFUhPhm06B9Uj99mbiX1430UHNS1kYJ5qGZLEoSDjSEZo9jwZMUqL5xBBMJDO3IjLCEhNtIiqYED4/Rf+TVtl2K3bl+rRUP8/iyMMBHMIxuFCFOlxCA5pAgMM9PMKTdWs9WM/Wy6I1Z2Uz+/AD1usHJsmQFQ==</latexit>

⌦1
<latexit sha1_base64="TyEKn/AHrT93hfiY5oCQjO/MHT0=">AAACBnicdVDLSgNBEJyN7/ha9SjCYBAihGU3kSTeRAU9KpgHZEOYnXSSIbOzy8ysEEJOXvwVLx4U8eo3ePNvnMSID7SgoajqprsriDlT2nXfrNTM7Nz8wuJSenlldW3d3tisqiiRFCo04pGsB0QBZwIqmmkO9VgCCQMOtaB/MvZr1yAVi8SVHsTQDElXsA6jRBupZe/4p8A1wT4TOOs5hVzeKez7OV+G+AyqLTvjOofFfLlQwlNS/iKe406QQVNctOxXvx3RJAShKSdKNTw31s0hkZpRDqO0nyiICe2TLjQMFSQE1RxO3hjhPaO0cSeSpoTGE/X7xJCESg3CwHSGRPfUb28s/uU1Et0pN4dMxIkGQT8WdRKOdYTHmeA2k0A1HxhCqGTmVkx7RBKqTXJpE8Lnp/h/Us07XtEpXh5kjo6ncSyibbSLsshDJXSEztEFqiCKbtAdekCP1q11bz1Zzx+tKWs6s4V+wHp5B01eloM=</latexit>

� 2 (1.3, 2.3)GeV

Gluon mass “universal” non-perturbative parameter

<latexit sha1_base64="flnjWGpUK3PcrWVIJWxEXbvdHIk=">AAACDXicdVA9SwNBEN3zM8avqKXNYhSswiVKErugFpYKRoVcCHubSbJk727dnRPCeX/Axr9iY6GIrb2d/8ZNjPiBPhh4vDfDzDxfSWHQdd+cicmp6ZnZzFx2fmFxaTm3snpmolhzqPNIRvrCZwakCKGOAiVcKA0s8CWc+/2DoX9+BdqIKDzFgYJmwLqh6AjO0Eqt3Oa1dwWcqlbiKdAqvfaMCKhnLjUm3iFIZPQkbeXybmGvXKruVOiYVL9IseCOkCdjHLdyr1474nEAIXLJjGkUXYXNhGkUXEKa9WIDivE+60LD0pAFYJrJ6JuUblmlTTuRthUiHanfJxIWGDMIfNsZMOyZ395Q/MtrxNipNhMRqhgh5B+LOrGkGNFhNLQtNHCUA0sY18LeSnmPacbRBpi1IXx+Sv8nZ6VCsVwon+zma/vjODJknWyQbVIkFVIjR+SY1AknN+SOPJBH59a5d56c54/WCWc8s0Z+wHl5B8eunK8=</latexit>
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p

�Q



Concerns on Caola et al.
Same problems as Luisoni et al.

No operator definition was given
One would expect operator with 6 WLs with variable directions

a single thrust value requires varying the WLs direction

Conceptual issue: 3 jets cannot be resolved for small tau values

scaling of jet momentum:

<latexit sha1_base64="8KagpZtGwfJAB7Qs2w7khEzU7vo=">AAACA3icdZDLSsNAFIYnXmu8Rd3pZrAIghiSKm3dFXXhsgV7gSYtk+m0HTq5MDMRSii48VXcuFDErS/hzrdxmka8oD8MfPznHM6c34sYFdKy3rW5+YXFpeXcir66tr6xaWxtN0QYc0zqOGQhb3lIEEYDUpdUMtKKOEG+x0jTG11M680bwgUNg2s5jojro0FA+xQjqayusRt1jh1BfVhzHD3qHKXsXBImUdfIW+ZZsVA+KcEMyl9gm1aqPMhU7RpvTi/EsU8CiRkSom1bkXQTxCXFjEx0JxYkQniEBqStMEA+EW6S3jCBB8rpwX7I1QskTN3vEwnyhRj7nur0kRyK37Wp+VetHct+2U1oEMWSBHi2qB8zKEM4DQT2KCdYsrEChDlVf4V4iDjCUsWmqxA+L4X/Q6Ng2kWzWDvNV86zOHJgD+yDQ2CDEqiAK1AFdYDBLbgHj+BJu9MetGftZdY6p2UzO+CHtNcPuAiW/A==</latexit>

p� ⇠ Q

p+ ⇠ �

<latexit sha1_base64="ZFg+GYZXvg2pSILQffnuQEDAW8Q=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRV2rordeOygn1AE8pkOkmHTh7OTIQS+hNuXCji1t9x5984bSM+0AMXDufcy733eAlnUlnWu1FYWV1b3yhulra2d3b3yvsHXRmngtAOiXks+h6WlLOIdhRTnPYTQXHocdrzJpdzv3dHhWRxdKOmCXVDHETMZwQrLfWdFgsC4cyG5YplXtSqjbM6yknji9imtUAFcrSH5TdnFJM0pJEiHEs5sK1EuRkWihFOZyUnlTTBZIIDOtA0wiGVbra4d4ZOtDJCfix0RQot1O8TGQ6lnIae7gyxGsvf3lz8yxukym+4GYuSVNGILBf5KUcqRvPn0YgJShSfaoKJYPpWRMZYYKJ0RCUdwuen6H/SrZp2zaxdn1earTyOIhzBMZyCDXVowhW0oQMEONzDIzwZt8aD8Wy8LFsLRj5zCD9gvH4AmDqQYA==</latexit>)

<latexit sha1_base64="J9PUyLAZUGxwMV3IXjRMTAFhC4o=">AAACCXicdVBNS8NAEN34WetX1KOXxSIo1pKo1HoQil48VrBaaNqy2U7bxU2y7G6EEnr14l/x4kERr/4Db/4bt23ED/TBwOO9GWbm+YIzpR3n3ZqYnJqemc3MZecXFpeW7ZXVSxXFkkKVRjySNZ8o4CyEqmaaQ01IIIHP4cq/Ph36VzcgFYvCC90X0AhIN2QdRok2UsvGoukFMT7GW6K5kxfN3bx3AxSLVuIJkGKw3bJzTuGouFfaP8QpKX0Rt+CMkEMpKi37zWtHNA4g1JQTpequI3QjIVIzymGQ9WIFgtBr0oW6oSEJQDWS0ScDvGmUNu5E0lSo8Uj9PpGQQKl+4JvOgOie+u0Nxb+8eqw7pUbCQhFrCOl4USfmWEd4GAtuMwlU874hhEpmbsW0RySh2oSXNSF8for/J5d7BbdYKJ4f5MonaRwZtI420BZy0SEqozNUQVVE0S26R4/oybqzHqxn62XcOmGlM2voB6zXD6WvmRs=</latexit>

pµ = (p+, p�, ~p?)

opening angle of jet

<latexit sha1_base64="d29WCgeOxNWGcFMoF97dVlYnzeI=">AAACDnicdVDLSgNBEJyN7/iKevQyGAKewiaGJN5EPYgnBaNCNoTZSW8yZPbhTK8Qlv0CL/6KFw+KePXszb9xEld8oAUNRVU33V1uJIVG236zclPTM7Nz8wv5xaXlldXC2vq5DmPFocVDGapLl2mQIoAWCpRwGSlgvivhwh0ejP2La1BahMEZjiLo+KwfCE9whkbqFkoODgBZ99jRwq85+kph4niK8aTqHIJElianadotFO3ybr3a3GnQjDS/SKVsT1AkGU66hVenF/LYhwC5ZFq3K3aEnYQpFFxCmndiDRHjQ9aHtqEB80F3ksk7KS0ZpUe9UJkKkE7U7xMJ87Ue+a7p9BkO9G9vLP7ltWP0mp1EBFGMEPCPRV4sKYZ0nA3tCQUc5cgQxpUwt1I+YCYMNAnmTQifn9L/yXm1XKmX66e14t5+Fsc82SRbZJtUSIPskSNyQlqEkxtyRx7Io3Vr3VtP1vNHa87KZjbID1gv7+VhnVY=</latexit>

✓J ⇠ 4

s
2�

Q

<latexit sha1_base64="B5WKe9pVICx8T1ZvaDcWcd3SChM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZIqbd0VdeGygn1AG8pketOOnUzCzEQoof/gxoUibv0fd/6N0zbiAz1w4XDOvdx7jx9zprTjvFu5peWV1bX8emFjc2t7p7i711JRIik0acQj2fGJAs4ENDXTHDqxBBL6HNr++GLmt+9AKhaJGz2JwQvJULCAUaKN1OpdAtekXyw59lmlXDup4ozUvohrO3OUUIZGv/jWG0Q0CUFoyolSXdeJtZcSqRnlMC30EgUxoWMyhK6hgoSgvHR+7RQfGWWAg0iaEhrP1e8TKQmVmoS+6QyJHqnf3kz8y+smOqh5KRNxokHQxaIg4VhHePY6HjAJVPOJIYRKZm7FdEQkodoEVDAhfH6K/yetsu1W7Mr1aal+nsWRRwfoEB0jF1VRHV2hBmoiim7RPXpET1ZkPVjP1suiNWdlM/voB6zXD/7/j3I=</latexit>

� can be estimated from 
peak position or size 
of 

<latexit sha1_base64="w1/2qtaGZhlEIpDmHHgY9YtgujA=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRV2rorunFnBfuANpTJdNIOnUnizEQooT/hxoUibv0dd/6N0zbiAz1w4XDOvdx7jx9zprTjvFu5peWV1bX8emFjc2t7p7i711JRIgltkohHsuNjRTkLaVMzzWknlhQLn9O2P76Y+e07KhWLwhs9iakn8DBkASNYG6nTuxJ0iPtuv1hy7LNKuXZSRRmpfRHXduYoQYZGv/jWG0QkETTUhGOluq4Tay/FUjPC6bTQSxSNMRnjIe0aGmJBlZfO752iI6MMUBBJU6FGc/X7RIqFUhPhm06B9Uj99mbiX1430UHNS1kYJ5qGZLEoSDjSEZo9jwZMUqL5xBBMJDO3IjLCEhNtIiqYED4/Rf+TVtl2K3bl+rRUP8/iyMMBHMIxuFCFOlxCA5pAgMM9PMKTdWs9WM/Wy6I1Z2Uz+/AD1usHJsmQFQ==</latexit>

⌦1
<latexit sha1_base64="TyEKn/AHrT93hfiY5oCQjO/MHT0=">AAACBnicdVDLSgNBEJyN7/ha9SjCYBAihGU3kSTeRAU9KpgHZEOYnXSSIbOzy8ysEEJOXvwVLx4U8eo3ePNvnMSID7SgoajqprsriDlT2nXfrNTM7Nz8wuJSenlldW3d3tisqiiRFCo04pGsB0QBZwIqmmkO9VgCCQMOtaB/MvZr1yAVi8SVHsTQDElXsA6jRBupZe/4p8A1wT4TOOs5hVzeKez7OV+G+AyqLTvjOofFfLlQwlNS/iKe406QQVNctOxXvx3RJAShKSdKNTw31s0hkZpRDqO0nyiICe2TLjQMFSQE1RxO3hjhPaO0cSeSpoTGE/X7xJCESg3CwHSGRPfUb28s/uU1Et0pN4dMxIkGQT8WdRKOdYTHmeA2k0A1HxhCqGTmVkx7RBKqTXJpE8Lnp/h/Us07XtEpXh5kjo6ncSyibbSLsshDJXSEztEFqiCKbtAdekCP1q11bz1Zzx+tKWs6s4V+wHp5B01eloM=</latexit>

� 2 (1.3, 2.3)GeV

to resolve 3-jets: angle between jets larger than opening angle

jet energy larger than    of sub-jet<latexit sha1_base64="oUM+aiHZeWRASU/rNCicuymJpWo=">AAAB8HicdVDLSgNBEJz1GeMr6tHLYBA8LZsoSbwFvXiMYB6SLGF20psMmdkdZmaFsOQrvHhQxKuf482/cZKs+EALGoqqbrq7AsmZNp737iwtr6yurec28ptb2zu7hb39lo4TRaFJYx6rTkA0cBZB0zDDoSMVEBFwaAfjy5nfvgOlWRzdmIkEX5BhxEJGibHSreynPQlKTvuFoueeV8q10yrOSO2LlFxvjiLK0OgX3nqDmCYCIkM50bpb8qTxU6IMoxym+V6iQRI6JkPoWhoRAdpP5wdP8bFVBjiMla3I4Ln6fSIlQuuJCGynIGakf3sz8S+vm5iw5qcskomBiC4WhQnHJsaz7/GAKaCGTywhVDF7K6Yjogg1NqO8DeHzU/w/aZXdUsWtXJ8V6xdZHDl0iI7QCSqhKqqjK9RATUSRQPfoET05ynlwnp2XReuSk80coB9wXj8A2/+RJA==</latexit>p?

Gluon mass “universal” non-perturbative parameter

<latexit sha1_base64="flnjWGpUK3PcrWVIJWxEXbvdHIk=">AAACDXicdVA9SwNBEN3zM8avqKXNYhSswiVKErugFpYKRoVcCHubSbJk727dnRPCeX/Axr9iY6GIrb2d/8ZNjPiBPhh4vDfDzDxfSWHQdd+cicmp6ZnZzFx2fmFxaTm3snpmolhzqPNIRvrCZwakCKGOAiVcKA0s8CWc+/2DoX9+BdqIKDzFgYJmwLqh6AjO0Eqt3Oa1dwWcqlbiKdAqvfaMCKhnLjUm3iFIZPQkbeXybmGvXKruVOiYVL9IseCOkCdjHLdyr1474nEAIXLJjGkUXYXNhGkUXEKa9WIDivE+60LD0pAFYJrJ6JuUblmlTTuRthUiHanfJxIWGDMIfNsZMOyZ395Q/MtrxNipNhMRqhgh5B+LOrGkGNFhNLQtNHCUA0sY18LeSnmPacbRBpi1IXx+Sv8nZ6VCsVwon+zma/vjODJknWyQbVIkFVIjR+SY1AknN+SOPJBH59a5d56c54/WCWc8s0Z+wHl5B8eunK8=</latexit>

|~p?| ⇠
p

�Q



Resolving 3 jets

2 subjets collinear, back to back with the hardest jet

1
3

<latexit sha1_base64="qQUiB/xCOBOAgP+3m4EPRDpH5/Q=">AAACB3icdVDJSgNBEO1xjXGLehSkMQiewmQhibegF48RzAKZEHo6laRJz5LuGiEMuXnxV7x4UMSrv+DNv7GziAv6oODxXhVV9dxQCo22/W4tLa+srq0nNpKbW9s7u6m9/boOIsWhxgMZqKbLNEjhQw0FSmiGCpjnSmi4w4up37gBpUXgX+M4hLbH+r7oCc7QSJ3UkYMDQNaJc/mJo4UHI1pw9Ehh7CCLJp1U2s6cFXPlfIkuSPmLZDP2DGmyQLWTenO6AY888JFLpnUra4fYjplCwSVMkk6kIWR8yPrQMtRnHuh2PPtjQk+M0qW9QJnykc7U7xMx87Qee67p9BgO9G9vKv7ltSLsldux8MMIwefzRb1IUgzoNBTaFQo4yrEhjCthbqV8wBTjaKJLmhA+P6X/k3ouky1mileFdOV8EUeCHJJjckqypEQq5JJUSY1wckvuySN5su6sB+vZepm3LlmLmQPyA9brB/Hhmg4=</latexit>

✓23 ' 4
p
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To be definite,         means        
<latexit sha1_base64="UZSr1w25LvDMLrk+8C1du9sfh5Q=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRiU7srunFZwT6gDWUynaRDJ5MwMxFK6Ee4caGIW7/HnX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpr5nTsqFUvErZ6k1I9xJFjICNZG6mDUjyIUDMoVx67XqlWvjn4T13bmqMASzUH5rT9MSBZToQnHSvVcJ9V+jqVmhNNpqZ8pmmIyxhHtGSpwTJWfz8+dohOjDFGYSFNCo7n6dSLHsVKTODCdMdYj9dObiX95vUyHF37ORJppKshiUZhxpBM0+x0NmaRE84khmEhmbkVkhCUm2iRUMiF8for+J+0z2/Vs7+a80rhcxlGEIziGU3ChBg24hia0gMAY7uERnqzUerCerZdFa8FazhzCN1ivHxZhj3M=</latexit>

a � b
<latexit sha1_base64="7DjaDFRLTET3+lohBDcQFkkKha8=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRqU7uRohuXFewD2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3Th+CzwMXDufcy733BAlnSjvOu5VbWl5ZXcuvFzY2t7Z3irt7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo6up37qjUrFY3OpxQv0IDwQLGcHaSC2MLtApCnrFkmNXK+WyV0W/iWs7M5RggXqv+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn83OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1Uh+d+xkSSairIfFGYcqRjNP0d9ZmkRPOxIZhIZm5FZIglJtokVDAhfH6K/ifNE9v1bO/mrFS7XMSRhwM4hGNwoQI1uIY6NIDACO7hEZ6sxHqwnq2XeWvOWszswzdYrx8suY7a</latexit>

a > 3b

2



Resolving 3 jets

2 subjets collinear, back to back with the hardest jet

1
3

<latexit sha1_base64="qQUiB/xCOBOAgP+3m4EPRDpH5/Q=">AAACB3icdVDJSgNBEO1xjXGLehSkMQiewmQhibegF48RzAKZEHo6laRJz5LuGiEMuXnxV7x4UMSrv+DNv7GziAv6oODxXhVV9dxQCo22/W4tLa+srq0nNpKbW9s7u6m9/boOIsWhxgMZqKbLNEjhQw0FSmiGCpjnSmi4w4up37gBpUXgX+M4hLbH+r7oCc7QSJ3UkYMDQNaJc/mJo4UHI1pw9Ehh7CCLJp1U2s6cFXPlfIkuSPmLZDP2DGmyQLWTenO6AY888JFLpnUra4fYjplCwSVMkk6kIWR8yPrQMtRnHuh2PPtjQk+M0qW9QJnykc7U7xMx87Qee67p9BgO9G9vKv7ltSLsldux8MMIwefzRb1IUgzoNBTaFQo4yrEhjCthbqV8wBTjaKJLmhA+P6X/k3ouky1mileFdOV8EUeCHJJjckqypEQq5JJUSY1wckvuySN5su6sB+vZepm3LlmLmQPyA9brB/Hhmg4=</latexit>

✓23 ' 4
p
⌧

from the condition
<latexit sha1_base64="PohAu13E8plKrkyBR2/gn/WaI70=">AAACAHicdVC7SgNBFJ31GeNr1cLCZjAIVmETTWK6oI1YRTAPyC5hdjK7GTL7YOauEJY0/oqNhSK2foadf+MkWcHngQtnzrmXufe4seAKLOvdWFhcWl5Zza3l1zc2t7bNnd22ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu7oYup3bplUPApvYBwzJyB+yD1OCWipb+7bMGRA+mn5ZGL7Ps6eV32zYBXrtUqlWse/SalozVBAGZp9880eRDQJWAhUEKV6JSsGJyUSOBVskrcTxWJCR8RnPU1DEjDlpLMDJvhIKwPsRVJXCHimfp1ISaDUOHB1Z0BgqH56U/Evr5eAd+akPIwTYCGdf+QlAkOEp2ngAZeMghhrQqjkeldMh0QSCjqzvA7h81L8P2mXi6VqsXp9WmicZ3Hk0AE6RMeohGqogS5RE7UQRRN0jx7Rk3FnPBjPxsu8dcHIZvbQNxivH+u3lqo=</latexit>

✓23 � ✓J

one gets jets are resolve for

at
<latexit sha1_base64="9MjkUQDPKEa2B5Vt6sVyeTvUZkY=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GmbEbBcJevEYwSwwGUJPpydp0jM9dNcIYchnePGgiFe/xpt/Y2cRXB8UPN6roqpekAiuwXHerdzK6tr6Rn6zsLW9s7tX3D9oa5kqylpUCqm6AdFM8Ji1gINg3UQxEgWCdYLx1czv3DGluYxvYZIwPyLDmIecEjCS1wOS4gvs2G6tXyw5dr1aLlfq+DdxbWeOElqi2S++9QaSphGLgQqitec6CfgZUcCpYNNCL9UsIXRMhswzNCYR0342P3mKT4wywKFUpmLAc/XrREYirSdRYDojAiP905uJf3leCmHNz3icpMBiulgUpgKDxLP/8YArRkFMDCFUcXMrpiOiCAWTUsGE8Pkp/p+0z2y3YlduzkuNy2UceXSEjtEpclEVNdA1aqIWokiie/SIniywHqxn62XRmrOWM4foG6zXD9U1kFk=</latexit>

⌧ > 0.18
<latexit sha1_base64="aJD0Qo/+RXdw4/AROPUUAbSw0h0=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVk5iDEPTiMQGTiMkSZiezyZCZ2WVmVgghH+HFgyJe/R5v/o2Th+CzoKGo6qa7K0w408bz3p3M0vLK6lp2PbexubW9k9/da+o4VYQ2SMxjdRNiTTmTtGGY4fQmURSLkNNWOLyc+q07qjSL5bUZJTQQuC9ZxAg2VmrV0TkS3dtuvuC5lXKxWKqg38R3vRkKsECtm3/r9GKSCioN4Vjrtu8lJhhjZRjhdJLrpJommAxxn7YtlVhQHYxn507QkVV6KIqVLWnQTP06McZC65EIbafAZqB/elPxL6+dmugsGDOZpIZKMl8UpRyZGE1/Rz2mKDF8ZAkmitlbERlghYmxCeVsCJ+fov9J88T1S26pflqoXiziyMIBHMIx+FCGKlxBDRpAYAj38AhPTuI8OM/Oy7w14yxm9uEbnNcPvoiPOg==</latexit>

Q = mZ

To be definite,         means        
<latexit sha1_base64="UZSr1w25LvDMLrk+8C1du9sfh5Q=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRiU7srunFZwT6gDWUynaRDJ5MwMxFK6Ee4caGIW7/HnX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpr5nTsqFUvErZ6k1I9xJFjICNZG6mDUjyIUDMoVx67XqlWvjn4T13bmqMASzUH5rT9MSBZToQnHSvVcJ9V+jqVmhNNpqZ8pmmIyxhHtGSpwTJWfz8+dohOjDFGYSFNCo7n6dSLHsVKTODCdMdYj9dObiX95vUyHF37ORJppKshiUZhxpBM0+x0NmaRE84khmEhmbkVkhCUm2iRUMiF8for+J+0z2/Vs7+a80rhcxlGEIziGU3ChBg24hia0gMAY7uERnqzUerCerZdFa8FazhzCN1ivHxZhj3M=</latexit>

a � b
<latexit sha1_base64="7DjaDFRLTET3+lohBDcQFkkKha8=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRqU7uRohuXFewD2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3Th+CzwMXDufcy733BAlnSjvOu5VbWl5ZXcuvFzY2t7Z3irt7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo6up37qjUrFY3OpxQv0IDwQLGcHaSC2MLtApCnrFkmNXK+WyV0W/iWs7M5RggXqv+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn83OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1Uh+d+xkSSairIfFGYcqRjNP0d9ZmkRPOxIZhIZm5FZIglJtokVDAhfH6K/ifNE9v1bO/mrFS7XMSRhwM4hGNwoQI1uIY6NIDACO7hEZ6sxHqwnq2XeWvOWszswzdYrx8suY7a</latexit>

a > 3b

2



Resolving 3 jets

2 subjets collinear, back to back with the hardest jet

1
3

2

<latexit sha1_base64="qQUiB/xCOBOAgP+3m4EPRDpH5/Q=">AAACB3icdVDJSgNBEO1xjXGLehSkMQiewmQhibegF48RzAKZEHo6laRJz5LuGiEMuXnxV7x4UMSrv+DNv7GziAv6oODxXhVV9dxQCo22/W4tLa+srq0nNpKbW9s7u6m9/boOIsWhxgMZqKbLNEjhQw0FSmiGCpjnSmi4w4up37gBpUXgX+M4hLbH+r7oCc7QSJ3UkYMDQNaJc/mJo4UHI1pw9Ehh7CCLJp1U2s6cFXPlfIkuSPmLZDP2DGmyQLWTenO6AY888JFLpnUra4fYjplCwSVMkk6kIWR8yPrQMtRnHuh2PPtjQk+M0qW9QJnykc7U7xMx87Qee67p9BgO9G9vKv7ltSLsldux8MMIwefzRb1IUgzoNBTaFQo4yrEhjCthbqV8wBTjaKJLmhA+P6X/k3ouky1mileFdOV8EUeCHJJjckqypEQq5JJUSY1wckvuySN5su6sB+vZepm3LlmLmQPyA9brB/Hhmg4=</latexit>

✓23 ' 4
p
⌧

from the condition
<latexit sha1_base64="PohAu13E8plKrkyBR2/gn/WaI70=">AAACAHicdVC7SgNBFJ31GeNr1cLCZjAIVmETTWK6oI1YRTAPyC5hdjK7GTL7YOauEJY0/oqNhSK2foadf+MkWcHngQtnzrmXufe4seAKLOvdWFhcWl5Zza3l1zc2t7bNnd22ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu7oYup3bplUPApvYBwzJyB+yD1OCWipb+7bMGRA+mn5ZGL7Ps6eV32zYBXrtUqlWse/SalozVBAGZp9880eRDQJWAhUEKV6JSsGJyUSOBVskrcTxWJCR8RnPU1DEjDlpLMDJvhIKwPsRVJXCHimfp1ISaDUOHB1Z0BgqH56U/Evr5eAd+akPIwTYCGdf+QlAkOEp2ngAZeMghhrQqjkeldMh0QSCjqzvA7h81L8P2mXi6VqsXp9WmicZ3Hk0AE6RMeohGqogS5RE7UQRRN0jx7Rk3FnPBjPxsu8dcHIZvbQNxivH+u3lqo=</latexit>

✓23 � ✓J

one gets jets are resolve for

12

3

1 subjet soft, other subjet collinear to the hardest jet
<latexit sha1_base64="eU6r9afQjOm5YZ5+/I5u1xRkLBI=">AAACBHicdVDJSgNBEO2JW4zbqMdcGoMQDw4zwSTmEAhKwGMCZoEkDD2dnqRJz0J3jxCGOXjxV7x4UMSrH+HNv7GzCK4PCh7vVVFVzwkZFdI037XUyura+kZ6M7O1vbO7p+8ftEUQcUxaOGAB7zpIEEZ90pJUMtINOUGew0jHmVzO/M4N4YIG/rWchmTgoZFPXYqRVJKtZ+u2Va3bhWrf5QjHzSQuJHnrtC9RdGLrOdOolIvFUgX+JpZhzpEDSzRs/a0/DHDkEV9ihoToWWYoBzHikmJGkkw/EiREeIJGpKeojzwiBvH8iQQeK2UI3YCr8iWcq18nYuQJMfUc1ekhORY/vZn4l9eLpHs+iKkfRpL4eLHIjRiUAZwlAoeUEyzZVBGEOVW3QjxGKg2pcsuoED4/hf+TdsGwSkapeZarXSzjSIMsOAJ5YIEyqIEr0AAtgMEtuAeP4Em70x60Z+1l0ZrSljOH4Bu01w8N/pck</latexit>

E1 = E2 =
Q

2
(1� ⌧)

<latexit sha1_base64="gBhgHX2m6mvKsAM4w0fZwRzvQoA=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWARXEhIqm3tQihKwWUL9gFNCJPppB06eTAzEUrIxl9x40IRt36GO//G6UPweeDC4Zx7ufceL2ZUSNN81xYWl5ZXVnNr+fWNza1tfWe3LaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Grid24JFzQKb+Q4Jk6ABiH1KUZSSa6+X3dP4QVs2hIl0GYM1t3UOilmrl4wjWqlVCpX4W9iGeYUBTBHw9Xf7H6Ek4CEEjMkRM8yY+mkiEuKGcnydiJIjPAIDUhP0RAFRDjp9IEMHimlD/2IqwolnKpfJ1IUCDEOPNUZIDkUP72J+JfXS6R/7qQ0jBNJQjxb5CcMyghO0oB9ygmWbKwIwpyqWyEeIo6wVJnlVQifn8L/SbtoWGWj3Dwr1C7nceTAATgEx8ACFVAD16ABWgCDDNyDR/Ck3WkP2rP2Mmtd0OYze+AbtNcPUMmVAQ==</latexit>

E3 = Q⌧ ⌧ E1,2

at
<latexit sha1_base64="9MjkUQDPKEa2B5Vt6sVyeTvUZkY=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GmbEbBcJevEYwSwwGUJPpydp0jM9dNcIYchnePGgiFe/xpt/Y2cRXB8UPN6roqpekAiuwXHerdzK6tr6Rn6zsLW9s7tX3D9oa5kqylpUCqm6AdFM8Ji1gINg3UQxEgWCdYLx1czv3DGluYxvYZIwPyLDmIecEjCS1wOS4gvs2G6tXyw5dr1aLlfq+DdxbWeOElqi2S++9QaSphGLgQqitec6CfgZUcCpYNNCL9UsIXRMhswzNCYR0342P3mKT4wywKFUpmLAc/XrREYirSdRYDojAiP905uJf3leCmHNz3icpMBiulgUpgKDxLP/8YArRkFMDCFUcXMrpiOiCAWTUsGE8Pkp/p+0z2y3YlduzkuNy2UceXSEjtEpclEVNdA1aqIWokiie/SIniywHqxn62XRmrOWM4foG6zXD9U1kFk=</latexit>

⌧ > 0.18
<latexit sha1_base64="aJD0Qo/+RXdw4/AROPUUAbSw0h0=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVk5iDEPTiMQGTiMkSZiezyZCZ2WVmVgghH+HFgyJe/R5v/o2Th+CzoKGo6qa7K0w408bz3p3M0vLK6lp2PbexubW9k9/da+o4VYQ2SMxjdRNiTTmTtGGY4fQmURSLkNNWOLyc+q07qjSL5bUZJTQQuC9ZxAg2VmrV0TkS3dtuvuC5lXKxWKqg38R3vRkKsECtm3/r9GKSCioN4Vjrtu8lJhhjZRjhdJLrpJommAxxn7YtlVhQHYxn507QkVV6KIqVLWnQTP06McZC65EIbafAZqB/elPxL6+dmugsGDOZpIZKMl8UpRyZGE1/Rz2mKDF8ZAkmitlbERlghYmxCeVsCJ+fov9J88T1S26pflqoXiziyMIBHMIx+FCGKlxBDRpAYAj38AhPTuI8OM/Oy7w14yxm9uEbnNcPvoiPOg==</latexit>

Q = mZ

To be definite,         means         or  
<latexit sha1_base64="UZSr1w25LvDMLrk+8C1du9sfh5Q=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRiU7srunFZwT6gDWUynaRDJ5MwMxFK6Ee4caGIW7/HnX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpr5nTsqFUvErZ6k1I9xJFjICNZG6mDUjyIUDMoVx67XqlWvjn4T13bmqMASzUH5rT9MSBZToQnHSvVcJ9V+jqVmhNNpqZ8pmmIyxhHtGSpwTJWfz8+dohOjDFGYSFNCo7n6dSLHsVKTODCdMdYj9dObiX95vUyHF37ORJppKshiUZhxpBM0+x0NmaRE84khmEhmbkVkhCUm2iRUMiF8for+J+0z2/Vs7+a80rhcxlGEIziGU3ChBg24hia0gMAY7uERnqzUerCerZdFa8FazhzCN1ivHxZhj3M=</latexit>

a � b
<latexit sha1_base64="7DjaDFRLTET3+lohBDcQFkkKha8=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRqU7uRohuXFewD2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3Th+CzwMXDufcy733BAlnSjvOu5VbWl5ZXcuvFzY2t7Z3irt7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo6up37qjUrFY3OpxQv0IDwQLGcHaSC2MLtApCnrFkmNXK+WyV0W/iWs7M5RggXqv+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn83OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1Uh+d+xkSSairIfFGYcqRjNP0d9ZmkRPOxIZhIZm5FZIglJtokVDAhfH6K/ifNE9v1bO/mrFS7XMSRhwM4hGNwoQI1uIY6NIDACO7hEZ6sxHqwnq2XeWvOWszswzdYrx8suY7a</latexit>

a > 3b
<latexit sha1_base64="f/bBOzLstS6WoFyAR6JGyjamjcw=">AAAB+XicdVDJSgNBEO2JW4zbqEcvjUHwIMNMMIm5SNCLxwgmETJD6On0JE16FrtrAmHIn3jxoIhX/8Sbf2NnEVwfFDzeq6Kqnp8IrsC2343c0vLK6lp+vbCxubW9Y+7utVScSsqaNBaxvPWJYoJHrAkcBLtNJCOhL1jbH15O/faIScXj6AbGCfNC0o94wCkBLXVNk+Bz7Ko7CVlp4p5gv2sWbatWLZcrNfybOJY9QxEt0Oiab24vpmnIIqCCKNVx7AS8jEjgVLBJwU0VSwgdkj7raBqRkCkvm10+wUda6eEglroiwDP160RGQqXGoa87QwID9dObin95nRSCMy/jUZICi+h8UZAKDDGexoB7XDIKYqwJoZLrWzEdEEko6LAKOoTPT/H/pFWynIpVuT4t1i8WceTRATpEx8hBVVRHV6iBmoiiEbpHj+jJyIwH49l4mbfmjMXMPvoG4/UDmZaTCg==</latexit>

a >
p
2 b

<latexit sha1_base64="xUGKWl6Rq0PzrbPFzdMXi/RHrGo="></latexit>

|~p?2 | ⇠
p

Q�(1� ⌧) '
p

Q�



Resolving 3 jets

2 subjets collinear, back to back with the hardest jet

1
3

2

<latexit sha1_base64="qQUiB/xCOBOAgP+3m4EPRDpH5/Q=">AAACB3icdVDJSgNBEO1xjXGLehSkMQiewmQhibegF48RzAKZEHo6laRJz5LuGiEMuXnxV7x4UMSrv+DNv7GziAv6oODxXhVV9dxQCo22/W4tLa+srq0nNpKbW9s7u6m9/boOIsWhxgMZqKbLNEjhQw0FSmiGCpjnSmi4w4up37gBpUXgX+M4hLbH+r7oCc7QSJ3UkYMDQNaJc/mJo4UHI1pw9Ehh7CCLJp1U2s6cFXPlfIkuSPmLZDP2DGmyQLWTenO6AY888JFLpnUra4fYjplCwSVMkk6kIWR8yPrQMtRnHuh2PPtjQk+M0qW9QJnykc7U7xMx87Qee67p9BgO9G9vKv7ltSLsldux8MMIwefzRb1IUgzoNBTaFQo4yrEhjCthbqV8wBTjaKJLmhA+P6X/k3ouky1mileFdOV8EUeCHJJjckqypEQq5JJUSY1wckvuySN5su6sB+vZepm3LlmLmQPyA9brB/Hhmg4=</latexit>

✓23 ' 4
p
⌧

from the condition
<latexit sha1_base64="PohAu13E8plKrkyBR2/gn/WaI70=">AAACAHicdVC7SgNBFJ31GeNr1cLCZjAIVmETTWK6oI1YRTAPyC5hdjK7GTL7YOauEJY0/oqNhSK2foadf+MkWcHngQtnzrmXufe4seAKLOvdWFhcWl5Zza3l1zc2t7bNnd22ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu7oYup3bplUPApvYBwzJyB+yD1OCWipb+7bMGRA+mn5ZGL7Ps6eV32zYBXrtUqlWse/SalozVBAGZp9880eRDQJWAhUEKV6JSsGJyUSOBVskrcTxWJCR8RnPU1DEjDlpLMDJvhIKwPsRVJXCHimfp1ISaDUOHB1Z0BgqH56U/Evr5eAd+akPIwTYCGdf+QlAkOEp2ngAZeMghhrQqjkeldMh0QSCjqzvA7h81L8P2mXi6VqsXp9WmicZ3Hk0AE6RMeohGqogS5RE7UQRRN0jx7Rk3FnPBjPxsu8dcHIZvbQNxivH+u3lqo=</latexit>

✓23 � ✓J

one gets jets are resolve for

12

1 subjet soft, other subjet collinear to the hardest jet

<latexit sha1_base64="gBhgHX2m6mvKsAM4w0fZwRzvQoA=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWARXEhIqm3tQihKwWUL9gFNCJPppB06eTAzEUrIxl9x40IRt36GO//G6UPweeDC4Zx7ufceL2ZUSNN81xYWl5ZXVnNr+fWNza1tfWe3LaKEY9LCEYt410OCMBqSlqSSkW7MCQo8Rjre6Grid24JFzQKb+Q4Jk6ABiH1KUZSSa6+X3dP4QVs2hIl0GYM1t3UOilmrl4wjWqlVCpX4W9iGeYUBTBHw9Xf7H6Ek4CEEjMkRM8yY+mkiEuKGcnydiJIjPAIDUhP0RAFRDjp9IEMHimlD/2IqwolnKpfJ1IUCDEOPNUZIDkUP72J+JfXS6R/7qQ0jBNJQjxb5CcMyghO0oB9ygmWbKwIwpyqWyEeIo6wVJnlVQifn8L/SbtoWGWj3Dwr1C7nceTAATgEx8ACFVAD16ABWgCDDNyDR/Ck3WkP2rP2Mmtd0OYze+AbtNcPUMmVAQ==</latexit>

E3 = Q⌧ ⌧ E1,2

from the condition           one gets

at
<latexit sha1_base64="9MjkUQDPKEa2B5Vt6sVyeTvUZkY=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4GmbEbBcJevEYwSwwGUJPpydp0jM9dNcIYchnePGgiFe/xpt/Y2cRXB8UPN6roqpekAiuwXHerdzK6tr6Rn6zsLW9s7tX3D9oa5kqylpUCqm6AdFM8Ji1gINg3UQxEgWCdYLx1czv3DGluYxvYZIwPyLDmIecEjCS1wOS4gvs2G6tXyw5dr1aLlfq+DdxbWeOElqi2S++9QaSphGLgQqitec6CfgZUcCpYNNCL9UsIXRMhswzNCYR0342P3mKT4wywKFUpmLAc/XrREYirSdRYDojAiP905uJf3leCmHNz3icpMBiulgUpgKDxLP/8YArRkFMDCFUcXMrpiOiCAWTUsGE8Pkp/p+0z2y3YlduzkuNy2UceXSEjtEpclEVNdA1aqIWokiie/SIniywHqxn62XRmrOWM4foG6zXD9U1kFk=</latexit>

⌧ > 0.18
<latexit sha1_base64="aJD0Qo/+RXdw4/AROPUUAbSw0h0=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVk5iDEPTiMQGTiMkSZiezyZCZ2WVmVgghH+HFgyJe/R5v/o2Th+CzoKGo6qa7K0w408bz3p3M0vLK6lp2PbexubW9k9/da+o4VYQ2SMxjdRNiTTmTtGGY4fQmURSLkNNWOLyc+q07qjSL5bUZJTQQuC9ZxAg2VmrV0TkS3dtuvuC5lXKxWKqg38R3vRkKsECtm3/r9GKSCioN4Vjrtu8lJhhjZRjhdJLrpJommAxxn7YtlVhQHYxn507QkVV6KIqVLWnQTP06McZC65EIbafAZqB/elPxL6+dmugsGDOZpIZKMl8UpRyZGE1/Rz2mKDF8ZAkmitlbERlghYmxCeVsCJ+fov9J88T1S26pflqoXiziyMIBHMIx+FCGKlxBDRpAYAj38AhPTuI8OM/Oy7w14yxm9uEbnNcPvoiPOg==</latexit>

Q = mZ

<latexit sha1_base64="aJD0Qo/+RXdw4/AROPUUAbSw0h0=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVk5iDEPTiMQGTiMkSZiezyZCZ2WVmVgghH+HFgyJe/R5v/o2Th+CzoKGo6qa7K0w408bz3p3M0vLK6lp2PbexubW9k9/da+o4VYQ2SMxjdRNiTTmTtGGY4fQmURSLkNNWOLyc+q07qjSL5bUZJTQQuC9ZxAg2VmrV0TkS3dtuvuC5lXKxWKqg38R3vRkKsECtm3/r9GKSCioN4Vjrtu8lJhhjZRjhdJLrpJommAxxn7YtlVhQHYxn507QkVV6KIqVLWnQTP06McZC65EIbafAZqB/elPxL6+dmugsGDOZpIZKMl8UpRyZGE1/Rz2mKDF8ZAkmitlbERlghYmxCeVsCJ+fov9J88T1S26pflqoXiziyMIBHMIx+FCGKlxBDRpAYAj38AhPTuI8OM/Oy7w14yxm9uEbnNcPvoiPOg==</latexit>

Q = mZat

No 3-jet consideration is of any relevance for 
<latexit sha1_base64="aJD0Qo/+RXdw4/AROPUUAbSw0h0=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVk5iDEPTiMQGTiMkSZiezyZCZ2WVmVgghH+HFgyJe/R5v/o2Th+CzoKGo6qa7K0w408bz3p3M0vLK6lp2PbexubW9k9/da+o4VYQ2SMxjdRNiTTmTtGGY4fQmURSLkNNWOLyc+q07qjSL5bUZJTQQuC9ZxAg2VmrV0TkS3dtuvuC5lXKxWKqg38R3vRkKsECtm3/r9GKSCioN4Vjrtu8lJhhjZRjhdJLrpJommAxxn7YtlVhQHYxn507QkVV6KIqVLWnQTP06McZC65EIbafAZqB/elPxL6+dmugsGDOZpIZKMl8UpRyZGE1/Rz2mKDF8ZAkmitlbERlghYmxCeVsCJ+fov9J88T1S26pflqoXiziyMIBHMIx+FCGKlxBDRpAYAj38AhPTuI8OM/Oy7w14yxm9uEbnNcPvoiPOg==</latexit>

Q = mZat
<latexit sha1_base64="Eul/pVaQjAUhNnD0hTdAnTsf8UE=">AAAB8XicdVDJSgNBEK1xjXGLevTSGARPwySYxICHoBePEcyCyRB6Op2kSU/P0F0jhJC/8OJBEa/+jTf/xs4iuD4oeLxXRVW9IJbCoOe9O0vLK6tr66mN9ObW9s5uZm+/bqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMYXk79xh3XRkTqBkcx90PaV6InGEUr3baRJuSceG6+k8l6brlUKBTL5DfJud4MWVig2sm8tbsRS0KukElqTCvnxeiPqUbBJJ+k24nhMWVD2uctSxUNufHHs4sn5NgqXdKLtC2FZKZ+nRjT0JhRGNjOkOLA/PSm4l9eK8HemT8WKk6QKzZf1EskwYhM3yddoTlDObKEMi3srYQNqKYMbUhpG8Lnp+R/Us+7uaJbvD7NVi4WcaTgEI7gBHJQggpcQRVqwEDBPTzCk2OcB+fZeZm3LjmLmQP4Buf1A1cgkBY=</latexit>

⌧ < 0.2

<latexit sha1_base64="9sNPpzMyCxUnh7UfeVl8byE1MvA=">AAAB8XicdVDJSgNBEK1xjXGLevTSGARPwySYxFwk6MVjBLNgMoSeTidp0tMzdNcIIeQvvHhQxKt/482/sbMIrg8KHu9VUVUviKUw6HnvztLyyuraemojvbm1vbOb2duvmyjRjNdYJCPdDKjhUiheQ4GSN2PNaRhI3giGl1O/cce1EZG6wVHM/ZD2legJRtFKt22kCTknnpvvZLKeWy4VCsUy+U1yrjdDFhaodjJv7W7EkpArZJIa08p5MfpjqlEwySfpdmJ4TNmQ9nnLUkVDbvzx7OIJObZKl/QibUshmalfJ8Y0NGYUBrYzpDgwP72p+JfXSrB35o+FihPkis0X9RJJMCLT90lXaM5QjiyhTAt7K2EDqilDG1LahvD5Kfmf1PNurugWr0+zlYtFHCk4hCM4gRyUoAJXUIUaMFBwD4/w5BjnwXl2XuatS85i5gC+wXn9AFowkBg=</latexit>

⌧ > 0.2

To be definite,         means         or  
<latexit sha1_base64="UZSr1w25LvDMLrk+8C1du9sfh5Q=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRiU7srunFZwT6gDWUynaRDJ5MwMxFK6Ee4caGIW7/HnX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpr5nTsqFUvErZ6k1I9xJFjICNZG6mDUjyIUDMoVx67XqlWvjn4T13bmqMASzUH5rT9MSBZToQnHSvVcJ9V+jqVmhNNpqZ8pmmIyxhHtGSpwTJWfz8+dohOjDFGYSFNCo7n6dSLHsVKTODCdMdYj9dObiX95vUyHF37ORJppKshiUZhxpBM0+x0NmaRE84khmEhmbkVkhCUm2iRUMiF8for+J+0z2/Vs7+a80rhcxlGEIziGU3ChBg24hia0gMAY7uERnqzUerCerZdFa8FazhzCN1ivHxZhj3M=</latexit>

a � b
<latexit sha1_base64="7DjaDFRLTET3+lohBDcQFkkKha8=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiRqU7uRohuXFewD2lAm00k7dDIJMxOhhH6EGxeKuPV73Pk3Th+CzwMXDufcy733BAlnSjvOu5VbWl5ZXcuvFzY2t7Z3irt7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo6up37qjUrFY3OpxQv0IDwQLGcHaSC2MLtApCnrFkmNXK+WyV0W/iWs7M5RggXqv+NbtxySNqNCEY6U6rpNoP8NSM8LppNBNFU0wGeEB7RgqcESVn83OnaAjo/RRGEtTQqOZ+nUiw5FS4ygwnRHWQ/XTm4p/eZ1Uh+d+xkSSairIfFGYcqRjNP0d9ZmkRPOxIZhIZm5FZIglJtokVDAhfH6K/ifNE9v1bO/mrFS7XMSRhwM4hGNwoQI1uIY6NIDACO7hEZ6sxHqwnq2XeWvOWszswzdYrx8suY7a</latexit>

a > 3b
<latexit sha1_base64="f/bBOzLstS6WoFyAR6JGyjamjcw=">AAAB+XicdVDJSgNBEO2JW4zbqEcvjUHwIMNMMIm5SNCLxwgmETJD6On0JE16FrtrAmHIn3jxoIhX/8Sbf2NnEVwfFDzeq6Kqnp8IrsC2343c0vLK6lp+vbCxubW9Y+7utVScSsqaNBaxvPWJYoJHrAkcBLtNJCOhL1jbH15O/faIScXj6AbGCfNC0o94wCkBLXVNk+Bz7Ko7CVlp4p5gv2sWbatWLZcrNfybOJY9QxEt0Oiab24vpmnIIqCCKNVx7AS8jEjgVLBJwU0VSwgdkj7raBqRkCkvm10+wUda6eEglroiwDP160RGQqXGoa87QwID9dObin95nRSCMy/jUZICi+h8UZAKDDGexoB7XDIKYqwJoZLrWzEdEEko6LAKOoTPT/H/pFWynIpVuT4t1i8WceTRATpEx8hBVVRHV6iBmoiiEbpHj+jJyIwH49l4mbfmjMXMPvoG4/UDmZaTCg==</latexit>

a >
p
2 b more conservative

3
<latexit sha1_base64="eU6r9afQjOm5YZ5+/I5u1xRkLBI=">AAACBHicdVDJSgNBEO2JW4zbqMdcGoMQDw4zwSTmEAhKwGMCZoEkDD2dnqRJz0J3jxCGOXjxV7x4UMSrH+HNv7GzCK4PCh7vVVFVzwkZFdI037XUyura+kZ6M7O1vbO7p+8ftEUQcUxaOGAB7zpIEEZ90pJUMtINOUGew0jHmVzO/M4N4YIG/rWchmTgoZFPXYqRVJKtZ+u2Va3bhWrf5QjHzSQuJHnrtC9RdGLrOdOolIvFUgX+JpZhzpEDSzRs/a0/DHDkEV9ihoToWWYoBzHikmJGkkw/EiREeIJGpKeojzwiBvH8iQQeK2UI3YCr8iWcq18nYuQJMfUc1ekhORY/vZn4l9eLpHs+iKkfRpL4eLHIjRiUAZwlAoeUEyzZVBGEOVW3QjxGKg2pcsuoED4/hf+TdsGwSkapeZarXSzjSIMsOAJ5YIEyqIEr0AAtgMEtuAeP4Em70x60Z+1l0ZrSljOH4Bu01w8N/pck</latexit>
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Recent analysis using new developments



Analysis of Nason-Zanderighi 
New results on power corrections have triggered a new analysis

[JHEP 06 (2023) 058]

Uses data only at the Z pole (exclude low Q data) 

Combines various variables: thrust, C-param, y3 

Includes event-shape dependent power correction 

Neglects resummation in the entire spectrum 

Ignores theory correlation among observables and bins



Analysis of Nason-Zanderighi 

including resummation

including low energy data

Reduced    is astonishingly small (below 0.2) 
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including theory correlations

of fits at lower orders (convergence?)

New results on power corrections have triggered a new analysis

[JHEP 06 (2023) 058]

No info on outcome
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Concerns on Nason-Zanderighi 
Resummation crucial to have order-by-order convergence, & 
essential for dataset independence [see talk by M. Benitez]
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Resummation crucial to have order-by-order convergence, & 
essential for dataset independence [see talk by M. Benitez]

Bin-by-bin theory correlation cannot be ignored (bias)

Shape-to-shape theory correlation cannot be ignored

in particular since it is crucial to 
break degeneracy between strong 
coupling and power correction
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Concerns on Nason-Zanderighi 
Resummation crucial to have order-by-order convergence, & 
essential for dataset independence [see talk by M. Benitez]

Bin-by-bin theory correlation cannot be ignored (bias)

Shape-to-shape theory correlation cannot be ignored

in particular since it is crucial to 
break degeneracy between strong 
coupling and power correction

Using low-energy data could help clarify these issues

Since we do not understand some points, we did a reanalysis
[see talk by M. Benitez]
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Concerns on Nason-Zanderighi 

surprising outcome given the mild 
dependence of power correction 
in fit region

Our reanalysis looks quite 
different! [see talk by M. Benitez]

Could this mean NZ’s fits are not robust?
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Concerns on Nason-Zanderighi 

surprising outcome given the mild 
dependence of power correction 
in fit region

Our reanalysis looks quite 
different! [see talk by M. Benitez]

Could this mean NZ’s fits are not robust?

-dependent power correction
constant power correction
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Large values of     possibly caused by excluding resummation<latexit sha1_base64="4HbGNHdFHJxIymIYDw51yasb+cs=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0yUJN6CXjxGMAskQ6jp9CRNeha7e4QQ8hNePCji1d/x5t/YSUZc0AcFj/eqqKrnJ4Ir7Tjv1tLyyuraem4jv7m1vbNb2NtvqjiVlDVoLGLZ9lExwSPW0FwL1k4kw9AXrOWPLmd+645JxePoRo8T5oU4iHjAKWojtbsokiH2VK9QdOzzcql6WiEZqX4R13bmKEKGeq/w1u3HNA1ZpKlApTquk2hvglJzKtg0300VS5COcMA6hkYYMuVN5vdOybFR+iSIpalIk7n6fWKCoVLj0DedIeqh+u3NxL+8TqqDqjfhUZJqFtHFoiAVRMdk9jzpc8moFmNDkEpubiV0iBKpNhHlTQifn5L/SbNku2W7fH1WrF1kceTgEI7gBFyoQA2uoA4NoCDgHh7hybq1Hqxn62XRumRlMwfwA9brB7dbkHQ=</latexit>↵s

<latexit sha1_base64="ydVl2SRaiK4yMBrz1oWFDgdOnjw=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadmIScwt6MVjBPOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+jbNJBJ8FDUVVN91dQcyZNp737uRWVtfWN/Kbha3tnd294v5BW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpX5nTuqNIvkrZnG1Bd4JFnICDaZ1Dc4GRRLnluvVSrVOvpNyq43RwmWaA6Kb/1hRBJBpSEca90re7HxU6wMI5zOCv1E0xiTCR7RnqUSC6r9dH7rDJ1YZYjCSNmSBs3VrxMpFlpPRWA7BTZj/dPLxL+8XmLCCz9lMk4MlWSxKEw4MhHKHkdDpigxfGoJJorZWxEZY4WJsfEUbAifn6L/SfvMLVfd6s15qXG5jCMPR3AMp1CGGjTgGprQAgJjuIdHeHKE8+A8Oy+L1pyznDmEb3BePwDWx47O</latexit>⌧



Conclusions

 

Outcome of models not necessarily correct 
3-jets cannot be resolved for small event-shape values 
Dijet region exists! 
Resummation is important 
Low energy data is important 
Correlations are important

Very relevant point raised by recent publications:

Can one trust 2-jet power corrections in the 3-jet region?
Most likely: no

This has triggered new computations and a new analysis

But these are based on some questionable assumptions

Motivated to make a reanalysis

More details in next talk [by M. Benitez-Rathgeb]


