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We first state that our presentation in DIS2018 conference includes two aspects of research: the
underlying events and the photon structure which has been published in the earlier DIS proceeding
in 2016, so in this proceeding, we will focus on the study of underlying events. In high energy
physics, the underlying event is everything except the two outgoing hard scattered jets, it includes
the contributions from beam remnant as well as initial and final-state radiation. The behavior of
underlying event at a future Electron Ion Collider (EIC) is studied in this proceeding. We apply
both “region method” and “off-axis method” to measure the underlying event with pseudo data
generated from PYTHIA. It indicates that these two methods are consistent, and the final results

are comparable with those measured from STAR at similar center-mass energy.
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1. Introduction
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Figure 1: Illustration of underlying events.

Although the hardest 2-to-2 scattering is of the most interest, the other soft scatterings as
background to the hard processes are also important to be studied. The background generated due
to multiple soft scatterings is classified as underlying events. The underlying event is everything
except the two outgoing hard scattered jets and consists of the beam remnant plus possible contri-
butions from the “hard scattering” arising from the initial and final-state radiation. The underlying
event contribution, as one of the background contributions to jet signals, is measured at a future
Electron Ion Collider (EIC) in this proceeding. One possible design for an EIC is eRHIC [1] at
Brookhaven National Laboratory (BNL). Di-jet method is applied in the analysis. High p7 di-jet
events belong to resolved, QCD Compton (QCDC) and Photon Gluon Fusion (PGF) processes from
PYTHIA-6.4 [2] in ep collision. In resolved processes, the QCD Monte Carlo models simulate a
electron-proton collision through a hard parton+parton — parton+parton scattering. In QCDC and
PGeF, the collision occurred through a y+parton — parton+parton scattering. From both two types
of scatterings, the resulting event contains particles from the two outgoing partons and those com-
ing from the breakup of the incoming particles (beam remnants).

2. Region method

Two different methods are discussed to measure the underlying events in ep collision. The
first method is called the “region method". In each high pr di-jet event, the highest pr jet is
called the trigger jet, the second highest pr jet is called the associate jet, these two jets are almost
back-to-back in ¢ direction. We use the direction of the trigger jet in each event to divide the
particles into three regions in 11 — ¢ space, where 1 is the pseudorapidity measured along the
beam axis and A@(¢ — Pyig jer) is the azimuthal angle relative to the trigger jet. The “toward"
region contains the trigger jet, while the “away" region, on the average, contains the associate
jet. The “transverse" region is perpendicular to the plane of the hard 2-to-2 scattering and is very
sensitive to the “underlying event" component of the QCD Monte Carlo models. Fig. 2 illustrates
the way we define the three regions. The average number of charged particles, (N;), we also call
it “multiplicity”, and the average scalar py sum of charged particles, (py sum), in each region
are measured versus A@. A di-jet is reconstructed in each event with stable particles, the particles
inside the jets are required to be pr > 250 MeV and —4.5 < 11 < 4.5. The di-jet events are selected
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Figure 2: Illustration of “toward", “away" and “transverse" regions in azimuthal angle A¢ relative to the
direction of the trigger jet in the event. The angle A¢ = ¢ — @yig je is the relative azimuthal angle between
charged particles and the trigger jet. The “toward" region is defined by |A¢| < 60° (includes particles inside
the trigger jet), while the “away" region is |A¢| > 120°. The “transverse" region is defined by 60° < |[A¢| <
120°. The plot is from [3].
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Figure 3: Average number of charged stable particles as a function of the azimuthal angle, A¢, between the
particle and the trigger jet.

with the cut of 107> GeV? < Q% < 0.1 GeV2. When we plot (N,;) and (pr sum) as a function of
A¢, we include all the charged particles.

Fig. 3 and Fig. 4 show the results of the charged multiplicity distribution and the sum of
transverse momentum distribution, respectively, in the azimuthal angle A¢ relative to the trigger jet
for pr > 5 GeV and 8 GeV. The “toward" region contains the highest charged particle multiplicity
and summation of charged particle transverse momentum. The associated jet is not absolutely
back-to-back with the trigger jet in ¢ direction, which results in the long tails in the “away" region
for both plots. In the “transverse" region where we put our interest of the underlying events, a
relatively flat distribution is presented. Then the background effect due to the underlying events
can be removed by subtraction of the multiplicity and summation of the transverse momentum in
the “transverse" region. We calculate the average number of charged particles in middle pseudo
rapidity in three different Q? bins to show the Q% dependence in Fig. 5. High Q? shows a much
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Figure 5: Average number of charged stable particles (middle pseodurapidity particles: —1 < n < 1) as

a function of the azimuthal angle, A¢, between the particle and the trigger jet for p;
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Figure 6: The average number and average scalar py sum of charged particles in three regions.

higher number of charged particles than low Q2, especially in “toward" and “away" regions, in

the “transverse" region, a very small increase is observed when Q7 is high. Fig. 6(a) shows the

average number of charged particles in 1 GeV bin as a function of the trigger jet pr (pr > 5 GeV)

in three regions. Fig. 6(b) shows the average scalar py sum of charged particles (pr > 250 MeV

and —4.5 <n <4.5)in 1 GeV bin as a function of the trigger jet pr (pr > 5 GeV) in three regions.
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3. Off-axis method
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Figure 7: The illustration of two off-axis cones relative to a jet. The plot is from Ref. [4].

The second method is called “off-axis cone method" [5], which is developed by the ALICE
experiment. The off-axis cone method is a method to study underlying event on the level of jet by
jet, different from the region method which is on the level of event. For every reconstructed jet, we
draw two off-axis cones (cone(-) and cone(+)), each of which is centered at the same 1 as the jet
but +7/2 away in ¢ from the jet ¢ as shown in Fig. 7. Then we collect particles falling inside the
two cones. The particle candidate pool consists of the input as used for the jet finding algorithm
(pr > 250 MeV and —4.5 < 1 < 4.5). We choose the cones radius R to be 0.4. The multiplicity
density is defined as the average number of charged particles inside each cone (N,;) divided by the
cone area TR?. The (pr sum) density is defined as the average off-axis cone pr divided by the
cone area.

We compare the results from the two methods in Fig. 8(a) and Fig. 8(b). Results from the
region method are measured of all the charged particles in the “transverse" region with each particle
in the pseudorapidity range from -1 to 1 and with the trigger jet pseudorapidity range as well
as between -1 and 1, so the multiplicity density ((dN)/d¢dn) and transverse momentum density
((dpr sum)/d¢dn) are defined as the average number and the average sum pr of all the charged
particles divided by 1 — ¢ space area (2 x %”), respectively. The trigger jet pr is greater than 5
GeV. The underlying events are calculated in an integrated 1) range by region method. However,
the 11 dependence appears in the off-axis method since we define the pseudorapidity of two cones
the same as the jets. From the comparison, results from both methods can roughly be consistent.
So we can conclude that the effects from underlying events show small dependence on 1.

We can also compare the results with those measured from STAR by using the region method.
The underlying events are studied in p + p collision at y/syy = 200 GeV from STAR [6], the c.m.s
energy is comparable with our energy at EIC (/syy = 141 GeV). Compared with Fig. 7 of [6], the
multiplicity density of our results is shown Fig. 9(a), which is slightly lower than the STAR results.
The mean pr of charged tracks which can be obtained from Fig. 9(b) is close to the results from
STAR.
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Figure 8: (a) The average number of charged particles (region method: pr > 250 MeV, —1 <7 < 1 and
60° < |A@| < 120°, the trigger jet —1 < 1 < 1; off-axis method: pr > 250 MeV and —1 < i < 1) density
as a function of the transverse momentum of the trigger jet (pr > 5 GeV). (b) The average scalar pr sum
density of charged particles (region method: pr > 250 MeV, —1 <1 < 1 and 60° < |[A¢| < 120°; off-axis
method: pr > 250 MeV and —1 < 1 < 1) as a function of the transverse momentum of the trigger jet (pr > 5

GeV).
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Figure 9: (a) The number density of charged particles versus the trigger jet pr. (b) The mean pr of the
charged particles versus the trigger jet pr.
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