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Outline

= Jets of hadrons and difference between quark and gluon jets
= Method of gluon-jets fraction measurement will be described

= Results of will be shown on toy data, which were created from MC by varying of jet
properties

= |t will be shown sensitivity of measurement to discrepancy of model parameters of jets
and «true» ones

= Conclusion



Jets of hadrons
= Jetis a narrow cone of hadrons and other particles produced by the hadronization of
quarks and gluons
= Flavour of parton-initiator defines type of a jet

» |nthe simplest case, all jets can be divided into quark and gluon jets by its type
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Quark and gluon jet identification

= The discrimination of jets based on internal jet properties that differ most strongly between
quark and gluon jets

= The most sensitive properties are:
o Particle multiplicity (mult)

o The jet minor angular opening in (1, @) plane (a,)
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Measurement of gluon jet fraction
= Since we assumed that jet sample is divided into quark and gluon jet subsamples, then
histogram, h(V;), for jet property V;
h(Vi) = h? (V) + h1(Vy) (1)
= Eq.(1) for normalized histograms is:
HW;) =a9H9 (V) + (1 —a9)HI(V)) (2)
ad = NWQ — gluon jet fraction
N = N9 4+ N9 - numbers of entries in h(V;)

N9 - numbers of entries in h%9(V;)
= Eq.(2) has one measured value H(V;) and three unknown ones (a9, H41(V;) n HI (V;))

= Forthat reason it’s indispensable to take some information from generator to find either jet’s
properties (HY1(V;) n H9 (V;)), or gluon jet fraction o9 in data



Measurement of gluon jet fraction (bin averaging)

1 D.B., S.S. Phys.Part.Nuc.Lett. V18, N2, p.239 (2021)

= To find gluon-jets fraction in data we have to take MC model distribution of gluon and quark
jets over jet property V;, i.e. HXZ (V)

C

= First['], a method was proposed to fit the left part of Eq. (2) by two histograms H4(V;) and
HYI (V;) on the right side with an unknown parameter a9, but later it was shown that o9 can
be find analytically

= From Eq.(2) we obtain gluon fraction in j-th bin of jet property V; (i = 1,2,3):

Haaej(Vi) — HL..(V))

mc,]

ai (V) = 3
PV T RS vy — HE (V) B
= Measured gluon fraction is averaging over all bins and over properties
ad = <a;f <vi>> (4)
= In reality we deal with model H;..(V;) and H,},(V;) which are differed from data ones

what is caused fluctuations of af (Vy)


https://rdcu.be/cizPA

Mea.surement Of gluon Jet fraCtion 5.S., D.B. Phys. Phys. Part. Nucl. 55(1) 2024
(Welghted |east Sq uares) 5.S. Phys. At. Nucl. 87(4) 2024

Right part of Eq. (2) is a linear approximation of Hg, (V;) with an unknown parameter a9

According to WLS method to find a9 we have to minimize the function:

S@IW) = ) wi [V —ad (V) - X['T? 5)
Jj
= Where w/ = TG Yj"i = Hgarj (Vi) — H,.;(V;) and, xj"i = Hy; (VD) — Hi i (V)
J\Vi
= The function (5) is minimized at a9such that 252 — g
» Thus, the gluon jet fraction a9 is expressed as
2vViyVi
w0 (v, = 2 b4 (6)
l Z | WZXViZ



Model uncertainty

The particular MC model allows to find the value of a9 (V;) for each selected property V;

Deviations of the model jet properties from the «true» ones lead to a variation of a]‘.g V)

Then the uncertainty of measured a9 related to the variation of a]‘.g (V;):

A9 RMSE2 = <(a]‘.g(Vi) _ ag)z>

Aa9 RMS? includes both the random uncertainty of the properties from the “true” ones and
their systematic uncertainty

Aa9 RMSE = \/Aag syst2 + Aa9d rand?

It's also necessary to take into account differences between models, e.g. Pythia and Herwig

Thus, final systematic uncertainty includes variations inside a histogram a]‘-g (V;), difference
between a9 (V;) and a9 between different models



Creation of toy data

In generator H, . ,(Vl) and H _. 5 (V) are their own, that is why a]g (V;) are same for each
Jj=th bin of the distribution and each property V;

We made a toy data by varying properties V" of quark or gluon jets in a following way:
Vit = Vi £ [IN(O,0)]] * k; ")

Where k; is a bin width of a histogram corresponded to V;, i.€. Kypie = 1, kq, = 0.1 and
k,.p =0.01

For instance if 6 = 1, particle multiplicity of a jet will stay unchanged with probability ~68%,
will increase or decrease by 1 with probability ~27% and so on

toy (V;) and H toy (V;) are merged with a pre-defined a9 to create toy data



Gluon gets fraction in toy data
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= e created toy data with the following parameters
Particle multiplicity: Fragmentation distribution: Minor angular opening:
> quark («-», N(0,0.5)) > quark («+», N(0,0)) > quark («-», N(0,1))
> gluon («-», N(0,2)) > gluon («+», N(0,2)) > gluon («-», N(0,3))

= Same variation of HZ

toy, (V) and H{goy, (V;) gives different deviations for different bins of p

1 «bins of pr» - means increasing pr-bins, but absolute
values are not important because fraction is artificial ~ 10/11



Conclusion and outlook

= Method of measurement of gluon-jets fraction in CMS data based on using jet properties
were described

= Method of creation toy data based on variation of model jet properties was described

= |t was shown that gluon-jets fraction measured for one parameter gives different deviations
at different p even with the same absolute deviation from the true values

= \We are going to make several toy datasets, based on Pythia simulation:
> To make a scan of systematic uncertainty depending on variation of jet properties
» To test the extreme cases when the measurement can'’t be provided
> To study the possibility to find «true» jet properties from the changed one



