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Sau Lan Wu Standard Model at 50 – Discovery of the Gluon June 2, 2018 28 

First three-jet event from PETRA shown by B. Wiik of 
TASSO at Bergen Conference 1979 

Discovery of the Gluon 

B. Wiik (on behalf of TASSO), 
Bergen, June 19, 1979*

*The conference was June 18-22; I actually have no idea which day Bjørn gave his talk.

Les Houches 
June 19, 2019
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ATLAS Run 2
Event with 11 jets @ 13 TeV4-jet event @ SLD

1991

Three-jet event 
@ LEP: 1990s

Gluino search @ 
Tevatron 2005

+relatives: Tristan, 
HERA, CLEO, BaBar, 
BELLE, BES, RHIC,…

1979 2019

(mixing colliders and experiments)
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low mass 
bump

tuning with jet 
substructure 

higher order 
parton showers

VBF/VBS

g → bb

gluon PDF

X → gg

New Les Houches 
Observable: 

LH multiplicity: nLH 

~5 TeV~500 MeV



�5O(LQCD): The low mass bump
C. Frye et al., JHEP 07 (2016) 064 

m2 / pT2

Pythia 8 parton-level
Pythia 8 hadron-level

NNLL matched

Soft drop grooming 
parametrically separates 

non-perturbative, 
resummation, and fixed-
order sensitive regions.

ATLAS measurement: Phys. Rev. Lett. 121 (2018) 092001
CMS measurement: JHEP 11 (2018) 113

Low-mass 
bump

Question: 
Can we use this 
for tuning NP at 

the LHC?

For analytic work on the NP 
region, see A. Pathak et al. 

https://arxiv.org/pdf/1603.09338.pdf
https://indico.cern.ch/event/814040/contributions/3458134/attachments/1862769/3061919/psr_pathak.pdf
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What we have learned:
1. Unrelated to g → bb/cc and 

specific hadrons.
2. The effect is nearly 100% 

correlated with multiplicity. 
3. Very dependent on 

grooming parameters.
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Gluon
Quark
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s0 variations?

O(LQCD): The low mass bump
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Vincia 2.3-b  
Sherpa 2.2.6 + String Had.
Sherpa 2.2.6 + Cluster Had.

Gluon 
jets

Very sensitive to 
hadronization model.

Pythia is qualitatively 
different at high(er) masses 

even though it agrees 
~well in the NP region.

string/cluster only change in the 
NP region (i.e. name make sense)

useful for tuning NP with LHC data?

to reiterate - seems the NP region 
is doing what it is supposed to!

For the proceedings: show NP 
parameter variations within a model & 

compare with analytic predictions.

https://indico.cern.ch/event/814040/contributions/3458134/attachments/1862769/3061919/psr_pathak.pdf
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Gluon 
jets

Very sensitive to 
hadronization model.

Pythia is qualitatively 
different at high(er) masses 

even though it agrees 
~well in the NP region.

string/cluster only change in the 
NP region (i.e. name make sense)

useful for tuning NP with LHC data?

to reiterate - seems the NP region 
is doing what it is supposed to!

For the proceedings: show NP 
parameter variations within a model & 

compare with analytic predictions.

One bin in the 
current ATLAS 
measurement

https://indico.cern.ch/event/814040/contributions/3458134/attachments/1862769/3061919/psr_pathak.pdf


s0 variations?

Charged-
particles  

(pT > 500 MeV)

All particles
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�10O(LQCD): The low mass bump

One bin in the 
current ATLAS 
measurement

Currently, low mass region limited by angular resolution - can 
solve with charged particles!  …let’s zoom in on this region!

Gluon 
jets



�11O(10 GeV): Tuning with jet substructure

The low mass bump may be an important input to MC tuning.

What else can we do with JSS for tuning?  This is often 
one motivation for our measurements - let’s investigate!

We are maintaining a twiki page for JSS 
measurements in the context of the LHC EW WG:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
LHCJetSubstructureMeasurements

Many of these measurements have HepData and Rivet 
routines … we added two more this week!



The low mass bump may be an important input to MC tuning.

What else can we do with JSS for tuning?  This is often 
one motivation for our measurements - let’s investigate!

We are maintaining a twiki page for JSS 
measurements in the context of the LHC EW WG:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
LHCJetSubstructureMeasurements

Many of these measurements have HepData and Rivet 
routines … we added two more this week!

“Our goal of learning how to run Professor was achieved: personal success.”

�12O(10 GeV): Tuning with jet substructure



�13O(10 GeV): Tuning with jet substructure

For the proceedings:  
complete a Les Houches 
jet substructure tune & 
determine sensitivity of 

individual measurements

ECF3

MLB & JKR — How many Pythia tuners are there at Les Houches? — LH19 Jets WG — Slide  11
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ATLAS default tune*

All observables from 1903.02942 
ATLAS data

Use only the 2-prong tagger D2

The work has just begun…

*This is basically the JSS-sensitive parts of A14 and otherwise, Monash. 

see jet pull in the backup

…but preliminary results 
indicate that multiple 

observables a can have 
a non-negligible impact 

on FSR parameters.

https://cds.cern.ch/record/1966419
https://arxiv.org/abs/1404.5630


�14O(10+ GeV): Higher order showers

Jesse Thaler — Report of the Les Houches Jet Physics Subgroup(s) 46

Triple-Collinear Splittings and Jet Substructure?	
Complementary:  non-global correlations in soft physics	

Hmm, little sensitivity	
with N2 in q → q qʹ qʹ…
Followup study: 
Study g → g g g with 
many interference terms

[see Höche, Prestel, 1705.00742; Höche, Krauss, Prestel, 1705.00982]
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Dire PS (1A2 1A3)
Dire PS (1A2 only)  _

There is an impressive effort by the 
MC community to include higher-
order effects in parton showers.

Key question: what observables
 are sensitive to these innovations?

Attempt at LH17 to use jet 
substructure for probing the 

triple collinear splitting function 
… without much luck.  What 

about the double soft splitting?

https://phystev.cnrs.fr/wiki/_media/2017:jthaler_lh2017_jetsummary_vfinal.pdf


�15O(10+ GeV): Higher order showers

DIRE 2.003

JHEP 01 (2019) 121
Particle flow network
Multiplicity

Particle flow network
Multiplicity

Idea: state-of-the-art neural networks to bound performance
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JHEP 01 (2019) 121

Confirmation
 triple collinear is to 
subtle to observe 

Particle flow networks use all 4-vectors + particle flavor

New
double soft may 
be observable!

Next: can we use the 
NN to identify a 

simple observable?

DIRE 2.003

https://arxiv.org/abs/1810.05165
https://arxiv.org/abs/1810.05165


�16O(10+ GeV): VBF

Vector boson fusion is an 
often-discussed testing 
ground for q/g tagging.

Phys. Rev. D 92 (2015) 032008

Signal versus background.

How useful is q/g tagging  
& how well is it modeled? 

Signal versus signal

Can q/g tagging be used to 
disentangle VBF from VH/ggH?

Our study has two components:

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-004/CMS-HIG-14-004_Figure_004.png
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-004/CMS-HIG-14-004_Figure_004.png


�17O(10+ GeV): VBF

mjj
350 GeV 700 GeV

…for the proceedings: signal versus background, modeling, etc.

Case study: can q/g tagging help disentangle VBF from ggH?  
At high mjj, jets from ggH are also quark-like - biggest gains expected at lower mass.   

kinematic info only
+ track multiplicity 

+ suite of angularities 

jets outside 
tracker 
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Non-trivial gains seem possible!



�18O(100 GeV): g → bb

gg ! gg + showerp
s = 14 TeV

Anti-k? jets with R = 0.2 and p? > 50 GeV,

Pythia 8 pol off

Pythia 8 pol on
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Figure 3: The angle between the plane of the two b-jets and the plane of the gluon jet and the beam axis.
Predictions of Pythia 8.2.26 and Vincia 2.2.0 with and without ME corrections are shown. In the labelling,
“pol o↵” refers to the Pythia 8 parameters TimeShower:phiPolAsym and TimeShower:phiPolAsymHard

being switched o↵ and “pol on” to the default settings, where both parameters are switched on.

the total shower rate is preserved, but the region around 90 degrees is enhanced by the polarisation e↵ect. We
conclude that a measurement of this observable, and the development of alternative strategies for corrections
beyond fixed order (e.g., along the lines proposed in [25]), would be desirable.

5 Conclusions

We have presented a helicity-dependent antenna shower for QCD initial- and final-state radiation, imple-
mented in the Vincia shower model. The iterated ME correction formalism of [7,16,18,19] has been extended
to cope with helicity-dependent clusterings and splitting kernels involving initial-state legs, and in this work
has been applied to strongly ordered showers in a direct extension of the formalism presented in [19]. We
further reported on new, user-specifiable uncertainty variations in Vincia, including renormalisation-scale
and splitting-kernel variations.

The new approach and a library for tree-level MHV amplitudes enable a faster evaluation of MEC factors,
as illustrated explicitly for the process qg ! qg+gluons. While the pure shower is slightly slower due to the
additional step of helicity selection, the evaluation of ME corrections can be done significantly faster when
only a single or a few helicity matrix elements need to be evaluated per trial branching, relative to when
helicity-summed matrix elements are used.

To illustrate the e↵ect of the iterated ME corrections and uncertainty variations within the helicity-
dependent shower, we considered a few representative observables, based on showered gg ! gg Born-level
events. As expected, ME corrections reduce the overall amount of variation considerably in regions of
relatively hard emissions, where process-dependent nonsingular terms (captured by the matrix elements)
dominate over the universal logarithmic terms (captured by the showers). In regions of large scale hierarchies,
the uncertainty due to renormalisation-scale variations dominates and remains uncompensated by tree-level
ME corrections.

We also showed a more complex example, the angle between a Born-level gg ! gg event plane and the
plane of a subsequent g ! bb̄ splitting. In Pythia, a general implementation of gluon polarisation e↵ects
implies an enhancement of such splittings at 90 degrees to the original event plane (while the total shower
rate of g ! bb̄ splittings is preserved); while in Vincia, ME corrections dominantly act to suppress the overall
rate of g ! bb̄ splittings. Moreover, the suppression is most active for the most well-resolved branchings (at

13

instead of parton-splitting e�ects) and were limited in their kinematic reach due in part to small datasets
and low momentum transfers.

The high transverse momentum and low angular separation regime for g ! bb̄ can be probed at the LHC
using b-tagged small-radius jets within large-radius jets. This topology is used to calibrate b-tagging
in dense environments [50–52] and is studied phenomenologically [53, 54]. The measurement shown
in this paper builds on these studies by using data collected by the ATLAS detector from

p
s = 13 TeV

pp collisions in order to perform a di�erential cross-section measurement of g ! bb̄ inside jets at high
transverse momentum – see Figure 1 for a representative Feynman diagram. Small-radius jets built from
charged-particle tracks are used as proxies for b-quarks and can be used as precision probes of the small
opening-angle regime.

This paper is organized as follows. After a brief introduction to the ATLAS detector in Section 2, the
data and simulations used for the measurement are documented in Section 3. Section 4 describes the
event selection and Section 5 lists and motivates the observables to be measured. The key challenge
in the measurement is the estimation of background processes, which is performed using a data-driven
approach illustrated in Section 6. The data are unfolded to correct for detector e�ects to allow direct
comparisons to particle-level predictions. This procedure is explained in Section 7 and the associated
systematic uncertainties are detailed in Section 8. The results are presented in Section 9 and the paper
concludes with Section 10.

q

g

q

b

b̄

Figure 1: A representative diagram for the high-pT g ! bb̄ process studied in this paper.

2 ATLAS detector

The ATLAS detector [55] is a multipurpose particle detector with a forward/backward-symmetric cylindrical
geometry. The detector has a nearly 4⇡ coverage in solid angle1 and consists of an inner tracking detector,
electromagnetic and hadronic calorimeters, and a muon spectrometer. The inner detector (ID) is surrounded
by a superconducting solenoid providing a 2 T magnetic field and covers a pseudorapidity range of |⌘ | < 2.5.
The ID is composed of silicon pixel and microstrip detectors as well as a transition radiation tracker. For
the LHC

p
s = 13 TeV run, the silicon pixel detector has been upgraded to include an additional layer

close to the beam interaction point [56]. The lead/liquid-argon electromagnetic sampling calorimeters
measure electromagnetic energies with high granularity for the pseudorapidity region of |⌘ | < 3.2. Hadron

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the center of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the center of the LHC ring, and the y-axis points
upward. Cylindrical coordinates (r , �) are used in the transverse plane, � being the azimuthal angle around the beam pipe. The
pseudorapidity is defined in terms of the polar angle as ⌘ = � ln tan(polar angle/2).
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Figure 1: Comparison of the qq̄ (left) and gg (right) PDF luminosities at the LHC 8 TeV for CT10,
MSTW2008 and NNPDF2.3. Results are shown normalized to the central value of CT10.

them di↵er. The uncertainties for ABM11 are smaller, despite using a more limited data set,
and also including sources of uncertainties due to ↵

s

and heavy-quark masses; we will come
back to this issue in Sect. 2.3 below. The uncertainties for HERAPDF1.5 were substantially
larger, as expected from the more limited data set used.

Based on the 2012 study, the 2010 PDF4LHC recommendation was updated in 2013. First,
it was recommended that the most up-to-date versions of the PDF sets from the three groups
included in the previous recommendation be used, namely CT10, MSTW2008 and NNPDF2.3.
Furthermore, as all sets now had both NLO and NNLO sets, it was recommended that the
same procedure should be used both at NLO and NNLO. Finally, a somewhat simpler way of
combining the PDF and ↵

s

uncertainties was suggested. Namely, the central value of ↵
s

(m2

Z

)
was fixed for all PDFs to be ↵

s

(m2

Z

) = 0.118, obtained by rounding o↵ the then-current PDG
world average 0.1184 ± 0.0007 [37] (and near the preferred value of each group anyway). An
uncertainty range for ↵

s

(m2

Z

) was taken to be ±0.002 at the 90% Confidence Level (CL) around
the central value of 0.118. This corresponds to a 68% CL uncertainty of ±0.0012, somewhat
more conservative than the PDG estimate.

The total PDF+↵
s

(m2

Z

) uncertainty was then determined for each group by adding in
quadrature the PDF uncertainty and ↵

s

uncertainty, with the latter determined as the dif-
ference in the results found using the best-fit PDFs for the upper and lower ↵

s

values of the
68% CL range. Indeed, it can be shown [27] that addition of PDF and ↵

s

uncertainties in
quadrature automatically accounts for the correlation between ↵

s

and PDF uncertainties, as-
suming gaussianity and linear error propagation. As in the 2010 recommendation, it was then
suggested to determine the PDF+↵

s

uncertainty for each of the three groups, at the upper and
lower ↵

s

value of the chosen range ↵
s

(m2

Z

) = 0.118 ± 0.0012, and finally take the envelope of
the results.

1.4 Scope of this document

The scope of the current document is to provide an update of the PDF4LHC recommendation
suitable for its use at the LHC Run II. Similar to previous recommendations, the new recom-
mendation will be based on a discussion and comparison of existing PDF sets. Specifically,
we will argue that, based on more recent results, an envelope procedure is no longer necessary

5
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*All of the groups have updated, this is for illustration only

�20~1-2 TeV: Gluon PDF

https://arxiv.org/abs/1510.03865
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Figure 1: Comparison of the qq̄ (left) and gg (right) PDF luminosities at the LHC 8 TeV for CT10,
MSTW2008 and NNPDF2.3. Results are shown normalized to the central value of CT10.

them di↵er. The uncertainties for ABM11 are smaller, despite using a more limited data set,
and also including sources of uncertainties due to ↵

s

and heavy-quark masses; we will come
back to this issue in Sect. 2.3 below. The uncertainties for HERAPDF1.5 were substantially
larger, as expected from the more limited data set used.

Based on the 2012 study, the 2010 PDF4LHC recommendation was updated in 2013. First,
it was recommended that the most up-to-date versions of the PDF sets from the three groups
included in the previous recommendation be used, namely CT10, MSTW2008 and NNPDF2.3.
Furthermore, as all sets now had both NLO and NNLO sets, it was recommended that the
same procedure should be used both at NLO and NNLO. Finally, a somewhat simpler way of
combining the PDF and ↵

s

uncertainties was suggested. Namely, the central value of ↵
s

(m2

Z

)
was fixed for all PDFs to be ↵
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) = 0.118, obtained by rounding o↵ the then-current PDG
world average 0.1184 ± 0.0007 [37] (and near the preferred value of each group anyway). An
uncertainty range for ↵

s

(m2

Z

) was taken to be ±0.002 at the 90% Confidence Level (CL) around
the central value of 0.118. This corresponds to a 68% CL uncertainty of ±0.0012, somewhat
more conservative than the PDG estimate.

The total PDF+↵
s

(m2

Z

) uncertainty was then determined for each group by adding in
quadrature the PDF uncertainty and ↵

s

uncertainty, with the latter determined as the dif-
ference in the results found using the best-fit PDFs for the upper and lower ↵

s

values of the
68% CL range. Indeed, it can be shown [27] that addition of PDF and ↵

s

uncertainties in
quadrature automatically accounts for the correlation between ↵

s

and PDF uncertainties, as-
suming gaussianity and linear error propagation. As in the 2010 recommendation, it was then
suggested to determine the PDF+↵

s

uncertainty for each of the three groups, at the upper and
lower ↵

s

value of the chosen range ↵
s

(m2

Z

) = 0.118 ± 0.0012, and finally take the envelope of
the results.

1.4 Scope of this document

The scope of the current document is to provide an update of the PDF4LHC recommendation
suitable for its use at the LHC Run II. Similar to previous recommendations, the new recom-
mendation will be based on a discussion and comparison of existing PDF sets. Specifically,
we will argue that, based on more recent results, an envelope procedure is no longer necessary
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�23PDF uncertainty landscape post-tagging
(NNDF) PDF uncertainty

Before we get too far, 
let’s see what the PDF 

uncertainty is for a 
given gg purity and 
 qq contamination.

no tagger here - not all of 
this plane is achievable!

gg ~ 5% of total at 2 TeV

qq uncertainty ~ 2%
gg uncertainty ~ 14%

current experimental 
uncertainty at 2 TeV is ~5%*

*Current cross section uncertainty from early 2015 
is 10% but current JES uncertainty is x2 smaller.

gg purity = gg / (gg + gq + qq)



�24How good does the tagging need to be?
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tagger and hope that  

PDF uncertainty >  
other uncertainties



�25How good does the tagging need to be?
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purity with a gluon  
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PDF uncertainty >  
other uncertainties

IRC safe multiplicity?!



�26Les Houches Multiplicity*, nLH

Figure 1: Illustration of the ISD procedure. A C/A tree is declustered from the trunk (thick

line), defined by the hardest pT branches. If a node fails the soft drop condition, it is removed

from consideration (dashed lines). If a node passes the soft drop condition after n iterations,

this defines the value of (zn, ✓n). The declustering stops at an angular scale of ✓
cut

, and

subsequent nodes are not considered further (gray lines).

Because we recurse to the harder subjet at each junction, we think of each (zn, ✓n) splitting

as an emission from the “hard core” of the jet and refer to the above procedure as traversing

the “trunk” of the clustering tree. A schematic of this procedure is shown in Fig. 1.

To emphasize, we are not using ISD as an alternative grooming technique to soft drop. In

fact, we have found no need to refer to the ISD-groomed jet explicitly in our analysis. Instead,

we employ ISD simply as a method to obtain an IRC-safe set of (zn, ✓n) values to define our

counting observables. Of course, the specific values of (zn, ✓n) depend on the precise choice of

ISD procedure. In this paper, we focus on the soft drop multiplicity, which counts emissions

from the trunk of the clustering tree, and have defined ISD accordingly. In Sec. 2.3, we

consider variants of soft drop multiplicity, with corresponding variants to the ISD procedure.

To demonstrate the qualitative behavior of observables defined below in this section, we

present results from parton shower simulations. We separately generate pp ! Z + q and

pp ! Z + g events at center-of-mass energy 13 TeV using MadGraph 2.4.0 and let the Z

decay to neutrinos for simplicity. We then shower the events through Vincia 2.0.01 [46, 47],

a plug-in to Pythia 8.215 [48], with default tuning parameters.4 Jet are identified using the

anti-kt algorithm [49] with radius R
0

= 0.6 in FastJet 3.1.3 [50]. We use a sample of events

in which the hardest jet with |⌘| < 2.5 has pT between 450 and 550 GeV. We recluster and

measure our observables on the hardest jet from each event using FastJet. Because ISD is

su�ciently di↵erent from ordinary soft drop, we do not use the RecursiveTools fjcontrib

[51], but rather directly traverse the C/A tree in our analysis. We plan to make our code

4In Sec. 4, we show results from four di↵erent parton shower generators. Here, we use Vincia as a repre-

sentative example since it makes predictions which are intermediate relative to the other generators.

– 6 –

Iterative soft drop multiplicity: JHEP 09 (2017) 083

In the jet group, we make 
observables, not accords!

Les Houches Angularity ‘15
+ JHEP 1707 (2017) 091P

i2jet(pT,i/pT,jet)�R1/2
i,jet

nLH:

*first introduced in the book by Simone, Gregory, and Michael

- Recluster a jet using Cambridge/
Aachen (same start as soft drop) 

- follow the hardest branch and count 
the number of branches with zq > cut

(a variation of iterative soft drop multiplicity)

Reconstruct the Lund plane: JHEP 12 (2018) 064

i.e. fill Lund plane and count emissions in the triangle

z✓ =
⇤

“perturbative 
emissions”

“non-perturbative 
emissions”

l
o
g
(
1
/z

)

log(R/�R)

https://arxiv.org/pdf/1901.10342.pdf
https://arxiv.org/abs/1704.06266
https://arxiv.org/abs/1605.04692
http://www.apple.com
https://arxiv.org/abs/1704.06266
https://arxiv.org/abs/1807.04758


�27Gluon PDF with JSS: dead or alive?

~JHEP 01 (2017) 110

Les Houches 
angularity

Les Houches 
multiplicity

Neural 
network

Gluon efficiency

Q
ua

rk
 e

ffi
ci

en
cy

For 50% gluon efficiency, 
save only 10% quarks.

We have two jets, so 
 we get to tag twice.

At low efficiency, 
multiplicity (e.g. nLH) is not 

much worse than NN.



�28Gluon PDF with JSS: dead or alive?

~JHEP 01 (2017) 110

U
nc

er
ta

in
ty

Gluon efficiency

Fold in the actual 
achievable uncertainty:

want solid > dashed, 
dotted (for same color)

We have studied many 
combinations of grooming 

and observables…

Seems like nLH has nearly 
the correct properties !



�29Gluon PDF with JSS: not dead yet !

~JHEP 01 (2017) 110

- Performance 
- Weight instead of cut 
- h cut / Z+jets / etc. 
- Jet vetos 
- Non-square cuts 

- Uncertainties 
- LL/MC (done) 
- Relative q/g 
- pT dependence

For the proceedings:

Think about / explore other possibilities:



�30Kinematic limit O(many TeV): X → gg
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�31Conclusions / outlook

Want to get involved for the proceedings? Join us:

Studies of gluon jets have a long and rich history!

At this Les Houches, we have studied many 
aspects of gluon jets, spanning scales ranging 

from below 1 GeV all the way to the kinematic limit.
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�32Joyeux anniversaire gluons!

Sau Lan Wu Standard Model at 50 – Discovery of the Gluon June 2, 2018 28 

First three-jet event from PETRA shown by B. Wiik of 
TASSO at Bergen Conference 1979 

Discovery of the Gluon 
ATLAS Run 2

1 1 1 1
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�34O(LQCD): The low mass bump

Important interplay 
between aS and NP region: 
with (re)tuning, potentially 
(first?) observable at LHC 
for NP studies a la p227 in 

LH2015 proceedings.
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�35Professor setupHerr Professor Parameter Scan
• Used professor to perform a PS 

parameter scan — 66 samplings with 
25k pythia events each. 

• Default shower parameters from 
Andy, plus StringPT:sigma (based 
on mass studies @ LH19). 

• Yeah, we know 25k/sample isn’t 
enough. 

• Tuned to a prelim. Rivet routine for 
dijet channel of 1903.02942 
 (“UCL measurement”)

 # LH19 JSS Tuning Studies 
 # Limits: 

 SigmaProcess:alphaSvalue            0.120618 0.149944 
 BeamRemnants:primordialKThard       1.506325 1.992728 
 SpaceShower:pT0Ref                  0.794576 2.477560 
 SpaceShower:pTmaxFudge              0.510417 1.490886 
 SpaceShower:pTdampFudge             1.001718 1.497595 
 SpaceShower:alphaSvalue             0.100282 0.147812 
 TimeShower:alphaSvalue              0.100117 0.149883 
 StringPT:sigma                      0.302527 0.368393 
 MultipartonInteractions:pT0Ref      1.510489 2.975495 
 MultipartonInteractions:alphaSvalue 0.100536 0.148252

To learn how to do this, use your ATLAS credentials and go to: 
 

https://twiki.cern.ch/twiki/bin/view/AtlasProtected/TuningSubmission 
https://twiki.cern.ch/twiki/bin/view/Main/TestTunathon
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Tunes (3 different ones)
• Looked at two tunes to learn a bit more. 

• One uses all of the UCL 
measurement variables. 

• The other uses only SD D2. 

• Also compared to something inspired 
by A14. 

• … which means, the parameters we 
tuned were set to A14, but all of the 
others use the default Monash 
values.

# D2 (DTune) 
 
# GOF 4.344819 
# UNITGOF 4.344819 
# NDOF -1.000000 

SigmaProcess:alphaSvalue            0.149943 
BeamRemnants:primordialKThard       1.506331 
SpaceShower:pT0Ref                  2.477553 
SpaceShower:pTmaxFudge              1.490885 
SpaceShower:pTdampFudge             1.001720 
SpaceShower:alphaSvalue             0.147812 
TimeShower:alphaSvalue              0.128572 
StringPT:sigma                      0.302527 
MultipartonInteractions:pT0Ref      2.975367 
MultipartonInteractions:alphaSvalue 0.130993

# All-JSS Tune 

# Minimisation result: 
# 
# GOF 29.146527 
# UNITGOF 29.146527 
# NDOF 98.000000 

SigmaProcess:alphaSvalue            0.136386 
BeamRemnants:primordialKThard       1.506326 
SpaceShower:pT0Ref                  2.224143 
SpaceShower:pTmaxFudge              1.490886 
SpaceShower:pTdampFudge             1.471304 
SpaceShower:alphaSvalue             0.147812 
TimeShower:alphaSvalue              0.135299 
StringPT:sigma                      0.302527 
MultipartonInteractions:pT0Ref      2.695938 
MultipartonInteractions:alphaSvalue 0.148251
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# Not really A14 

SigmaProcess:alphaSvalue            0.144 
BeamRemnants:primordialKThard       1.72 
SpaceShower:pT0Ref                  1.30 
SpaceShower:pTmaxFudge              0.95 
SpaceShower:pTdampFudge             1.21 
SpaceShower:alphaSvalue             0.125 
TimeShower:alphaSvalue              0.126 
MultipartonInteractions:pT0Ref      1.98 
MultipartonInteractions:alphaSvalue 0.118

66 samplings 
25k Pythia events each
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