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I. Part I (A. Siódmok)

a) Introduction and Motivation

b) How well the Monte Carlo Generators can describe the q/g jets

[JHEP 1707 (2017) 091], [Eur.Phys.J. C77 (2017) no.12, 876]

c) How changing of energy of collision can help us to get more 

precise measurements? [Eur.Phys.J. C51 (2007) 607-617]

II. Part II (P. Baroň) 

a)Novel approach to measure quark/gluon jets at the LHC

b)Preliminary results 

c)Summary and outlook
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BSM searches: often signature for a BSM signals: many quark, backgrounds: QCD gluons 
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History: Discovery of the gluon
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This collision event recorded in 1979, provided the 
first evidence of the gluon.

Recorded as event 13177 of run 447 of the TASSO 
experiment at the Deutsches Elektronen-Synchrotron 
(DESY), the graphic shows three jets of particles 
produced in an electron-positron collision.
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Distinguish Q/G jets as is as old as gluon’s discovery
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Data makes you smarter

Motivation - Monte Carlo Event Generators (MCEG) 
Standard Model 

There is a huge gap between a one-line formula of a fundamental theory, like

the Lagrangian of the SM, and the experimental reality that it implies

Standard Model Lagrangian LHC event

● MC event generators are designed to bridge the that gap
● “Virtual collider” ⇒ Direct comparison with data 

Theory Experiment

It doesn't matter how 
beautiful your theory is, 
it doesn't matter how 
smart you are. If it 
doesn't agree with 
experiment, it's wrong.

Richard P. Feynman

Almost all HEP measurements and discoveries in the modern era have relied on MCEG, most 
notably the discovery of the Higgs boson. 

Published papers by ATLAS, CMS, LHCb: 2252
Citing at least 1 of 3 existing MCEG: 1888 (84%)
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How we improved simulation of Q/G jets in Herwig
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[Eur.Phys.J. C77 (2017) no.12, 876]

Data was one of the key for the improvement and it is still needed for the progress.
 However it is hard to measure “clear” q/g samples at the LHC.
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LHC how to define G enhanced sample
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Using phase space cuts, for example:
● Pt -  jet transverse momentum 
● ղ   -  jet rapidity (central/forward)

But then we will have quark and gluon sample 
jets with different (Pt, ղ).

Same Pt Quark and Gluon 

But hight Pt Q will radiate more and look like a G

Can we find a way to get enhanced Q/G with the same Pt, ղ?  



LHC Q/G jet measurement

IFJ PAN, Seminar of NO1, 27.10.2020



LHC Q/G jet measurement

IFJ PAN, Seminar of NO1, 27.10.2020



Can changing the energy of collision help us? 
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Z boson as “the standard candle” for high-precision W-boson physics at LHC
[Krasny, Fayette, Płaczek, AS, Eur.Phys.J. C51 (2007) 607-617]



Can changing the energy of collision help us? 
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Z boson as “the standard candle” for high-precision W-boson physics at LHC

Yes it can! 
Sadly not very used up to now at the LHC
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Each angularitity λ is composed of 
gluon λg and quark λq angularities

λ = f λg + (1-f)λq

f      ... gluon fraction 
(1-f) ... quark fraction
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Can we reverse the equation 

λg = ?

No, it is still function of unknown λq :
λg = λg (λq )

λ = f λg + (1-f)λq
and obtain

But, here comes the idea of 
measurement at different energies. 
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Lets write equations for measurement at 
energy 900 GeV and 13 000 GeV 

One can reverse:

λ900 = f900 λg + (1-f900)λq

λ13000 = f13000 λg + (1-f13000)λq
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λ900, λ13000 … measurement  
(same cuts, average pT > 50 GeV)

f900, f13000 … simulation
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Lets write equations for measurement at 
energy 900 GeV and 13 000 GeV 

λ900 = f900 λg + (1-f900)λq

λ13000 = f13000 λg + (1-f13000)λq

λ2360 = f2360 λg + (1-f2360)λq
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1. Optimize, cuts (Pt, rapidity, R)
2. Investigate results with grooming techniques
3. Estimate uncertainties:

- 3 MC generators (Pythia, Herwig, Sherpa)
- 3 PDF (MRST, CTEQ, NNPDF)
- more energies

4. Publish the results.
5. Measure it at the LHC.
6. Use the measurement to improve MC generators.

Part II - c) Summary and Outlooks
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Outlooks

1. Preliminary results look very promising.
2. As expected we see that with increasing jet 

radius we get contamination, most likely due 
to UE event background.

Summary
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