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Abstract

We examine jet shapes in the forward region, n(jet) > 4, of 40 TeV proton-proton
collisions and compare them with 90° jets. In the laboratory, forward jets are Lorentz
contracted into thin “disks”. For example, a jet which at Oem(jet) = 90° would have
its particles located within a Ycone” with angular widths Afem = A¢ = 28° (.e., 0.5
radians), if “boosted” to n(jet) = 4 (fem = 2°) becomes a “disk” with an angular width
of A6em = 1°! Jet shapes are roughly invariant when plotted versus pseudorapidity, 7,
and azimuthal angle, ¢. In addition, we examine how well the electromagnetic component
(i.e., photons and electrons) of & jet “tracks” the true position of the jet.
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Abstract

We examine jet shapes in the forward region, n{jet) > 4, of 40 TeV proton-proton
collisions and compare them with 90° jets. In the laboratory, forward jets are Lorentz
contracted into thin “disks”. For example, a jet which-at 6.m(jet) = 90° would have
its particles located within a “cone” with angular widths Afem = A¢ = 28° (ice., 0.5
radians), if “boosted” to n(jet) = 4 (6cm = 2°) becomes a “disk” with an angular width
of Afern = 1°! Jet shapes are.roughly invariant when plotted versus pseudorapidity, 7,

and azimuthal angle, ¢. In addition, we examine how well the electromagnetic component

(i.e., photons and electrons) of a jet “tracks” the true position of the jet.



I. Introduction

There are two contrasting ways in which jets can be produced in the forward region
in high-energy proton-proton collisions. Suppose that in 40 TeV collisions a jet with a
transverse energy of 100 GeV is produced at a center-of-mass scattering angle, 6.m(jet),
of 2° (n = 4). . One way this can occur is for the parton-parton two-to-two subprocess,
a+ b — c+d, to have its center of mass at rest in the laboratory (i.e., z4 & z}) with
an outgoing parton energy of about 2.9 TeV. This process is suppressed because of the
large parton-parton center-of- mass energy required (= 5.7 TeV). The particles forming
the cutgoing jet would, on the average, be distributed within a “cone” centered along the
jet direction. Cones containing 80% of the jet energy typically have a half-angle of about
30° so that jets arising in this manner would distribute their fragments over the entire

forward region . 8., < 30°.

A more economical way to produce a jet with transverse energy of 100 GeV at an angle
of 8cm(jet) = 2° is to produce, in the parton-parton center-of-mass frame, a 90° two-to-two
hard scattering in which the outgoing parton has a transverse energy of 100 GeV, but with
zq >> 1y (i.e., in a frame “boosted” along the direction of the incident proton). In this
case the parton-parton center-of-mass energy is only about 0.2 TeV. Since parton-parton
cross sections decrease rapidity with center-of-mass energy forwaid jets are dominantly of
this type. The shape of a “boosted” jet remains roughly i1.variant when plotted versus
pseudorapidity, 7. Momenta in the transverse direction are invariant under a Lorentz
transformation so that the jet shape in the azimuthal angle ¢ is unaffected. Hence a
jet which at f.m(jet) = 90° would have its particles located within the angular widths
Abemy = A = 28° (i.e., 0.5 radians), if “boosted” in the forward direction to n(jet) = 4
(8em = 2°) becomes a “disk” with an azimuthal width of A¢ = 28° and an angular width
of Al = 1°!

In this report we examine the properties of jets produced in the forward region of
40 TeV proton- proton collisions and compare them with 90° jets. In addition, we will
examine how well the electromagnetic component (i.e., photons and electrons) of a jet
“tracks” the true position of the jet and study the effectiveness of constructing the trans-
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Table 1. Generated sample of 10,000 “two-jet” QCD
events in 40 TeV proton-proton collisions with the hard-
scattering transverse momentum, @T,-in the range
100 < }:‘T < 500GeV and with no restriction on the
pseudorapidity of the jets. N is the number of parti-
cles (with 70 taken to be stable) and Er is the global

transverse energy.

Observable Value
o 1.2 x 102 mb

<kr> 136 GeV

<N > 527

< Er > 560 GeV

99 — g9 647

99 — 49 21%

99 — 49 10%

verse energy of a “jet” from knowledge of the full jet energy (electromagnetic and hadronic)

plus knowledge of the position of the electromagnetic component.

II. Event Generation

ISAJET is used to generate an initial sample of 10,000 “two-jet” QCI events in
40 TeV proton- proton collisions with the hard-scattering transverse momentum, kp, in
the range 100 < ’;T < 500 GeV and with no restriction on the pseudorapidity of the jets.
Some of the properties of this initial sample are given in Table 1. The average number
of particles produced is 527 (taking the 70 as stable) with an average global transverse
energy of 560 GeV. On the average, about 52% of the global transverse energy arises from

the outgoing two jets with the remainder coming from the underlying event (i.e., initial
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state bremsstrahlung and breakup of the beam and target hadrons). At these energies

and transverse momenta gg — g¢g is the dominate parton subprocess (64%).

The hard two-to-two parton-parton scattering produces two large transverse momen-
tum outgoing partons which subsequently fragment into “‘jets”, where we use the “theo-
retical” definition of a jet. In this report, “jet 1” is the collection of outgoing particles
resulting from the fragmentation of the first outgoing parton (s.e., parton 1) and of any
additional partons that may have been produced by parton 1 during the parton shower
process. Similarly, for “jet 2". Jets defined in this manner are not experimental observ-
ables. These “theoretical jets” are ideally what one strives to detect in an experiment,
however, in an experiment no matter what jet definition one uses one can never be sure
that one has included all the correct particles without including extra particles arising,

for example, from initial state bremsstrahlung.

II1. Jets at 6., = 90°

The 20,000 “jets” are examined and a subsample of 503 events is found in which 85° <
Bcm(jet) < 95°. Some of the properties of these “90°-jets” are given in Table 2. These
“jets” are dominantly gluon jets (86%). The average jet transverse energy is 145 GeV
and the average jet multiplicity is 52 (remember these are “theoretical jets”). Jets at
90° are similar to ete™ jets and their fragments are, on the average, located in a cone of
half-angle Bcone about the net jet direction. On the average, 80% of the jet multiplicity is
located within a cone of half-angle Beone(80% N) = 65°. The energy of the “jet” is more
localized, with 80% of the jet energy located, on the average, within a cone of half-angle
Beone(80% E) = 28°. The cone containing 80% of the total energy of the “jet”, on the
average, ccutains 44% of the overall jet multiplicity (i.e., 44% of the particles carry, on

the average, 80% of the energy).

Averages do not tell the whole story, however, as there are large fluctuations in QCD.
This is reflected in the large standard deviations in Table 2. There is much more informa-
tion in the distribution of cone sizes shown in Figs. 1 and 2. Fig. 1 shows the probability

that 80% of particles from a given “jet” will be located within a cone of half-angle Bcone
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Table 2. Selected sample of 503 “90°-jets” (i.e., 85 <
Bem(jet) < 95°) from the 20,000 “jets” generated in Ta-
ble 1. We have used the “theoretical” definition of a
jet (1.e., all the particles resulting from the fragmenta-
tion of an initial outgoing parton) and the * signs cor-
respond not to errors, but to the standard deviations

from the mean.

Observable Value

< N(jet) > 52

< Ep(jet) > 145 GeV
gluon-jet 86%

g-jet %

g-jet %

< Beone(80% N) > 65° (1.13 radians)
< Beone(80% E) > 28° (0.49 radians)
feone ‘ 0.44

< dn(80% N) > 0.71 £ 0.30

< dy(80% ET) > 0.27+0.21

fo 0.46

< dy(80% N) > 0.92 £ 0.43

< dy(80% Er) > 0.30 £ 0.28

fe 0.44

< R(80% N) > 1.29 + 0.49

< R(80% E7) > 0.45 + 0.35

fr 0.41

and Fig. 2 shows the probability that 80% of jet energy will be located within a cone of
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half-angle Bcone. One sees that although the average cone half-angle containing 80% of
the energy is 28° about 21% of the “jets” have 80% of their energy contained within a
cone with a half-angle of less than 9°! On the other hand, about 8% of the “jets” have
80% of their energy contained within a cone with a half-angle of greater than 63°. Fig. 3
gives the percentage of “90°-jets” which have a fraction, feone, Of their total multiplicity
located within the cone of half-angle Bcone about the jet direction which contains 80% of
the jet energy.

Alternatively, one can describe the “size” of these “90°-jets” in terms of the pseudo-
rapidity, 7, and azimuthal angle, ¢. Figs. 4 and 5 show the multiplicity flow and the
transverse energy flow relative to the “jet” direction, respectively, versus pseudorapidity,
n —n(jet), averaged over all “90°jets”. Similarly, Figs. 6 and 7 show the multiplicity flow
and the transverse energy flow versus the azimuthal angle, ¢, (where the events have been
rotated so the ¢(jet) = 180°) again averaged over all “90°-jets”. Table 2 shows that, on
the average, 80% of the jet multiplicity is located within the “half-width” dy = 0.71 of

the jet direction (integrated over ¢), where

dp = |n — n(jet)|,

and 80% of the jet transverse energy is located, on the average, within dy = 0.27 of the
jet direction (i.e., an “average jet” is about 0.54 units “wide” when projected on the
pseudorapidity axis). In addition, Table 2 shows that, on the average, 80% of the jet
multiplicity is located within the “half-width” dg = 0.92 (in radians) of the jet direction

(integrated over 1), where
dqﬁ = |¢ - ¢(jet)‘1

and 80% of the jet transverse energy is located, on the average, within dy = 0.30 of the
jet direction (i.e., an “average jet” is about 0.6 radians or 34° “wide” when projected on

the ¢-axis).

At 90° the reason that the jet size in pseudorapidity, dy, and the jet size in azimuthal

angle, dgy, are nearly the same. This is simply a result of the cone structure of an average
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jet at 90% and the definition of pseudorapidity. For example, suppose that a cone of

half-angle Bcone is located with its axis at 90°. In this case,

dd; = Beone,
and
9cm = 900 - Bconea

so that

= —log (tan(fcm/2))

= — log (tan(45° — Beone/2))

= —log (1 - ta‘n(ﬁcone/2>

1 + tan(Beone/2 )’

or

-y _ 1= tan(fBeone/2)
e M = .

1 + tan(Beone/2)
For small n the left hand side becomes

1
MNx~1- —ne_ ...

while for small Beone the left hand side is

1"%ﬂcone+"‘
1+%ﬂcone—'"

~ 1 — Beone,

and hence

n= ﬁcone (fOI‘ ﬂcone <<1 radian).

Fig. 8 shows that if Scone < 45° then for a 90° cone Beone in radians is very closely equal
to the pseudorapidity . In Table 2, < d4(80% Er) >= 0.3 (i.e., about 17°) hence is
almost equal to < dp(80% Er) >. On the other hand, < dy(80% N) >=0.92 (i.¢., about
53°) and does not agree as well with < dp(80% N) >.

As before, averages (i.e., sums of all events) do not show the fluctuatious of QCD.
More information is contained in the event-by-event (i.e., jet-by-jet) distributions of the
“half-widths” dp and dy4. Figs. 9 and 10 shows the percentage of “jets” for which 80% of
the multiplicity and 80% of the transverse energy, respectively, is contained with a half-

width, dy. Similarly, Figs. 11 and 12 shows the percentage of “jets” for which 80% of the
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multiplicity and 80% of the transverse energy, respectively, is contained with a half-width,
dg. Fig. 10 shows that although < dy(80% ET) >= 0.27, about 24% of the jets have 80%
of their'tra.nsverse.energy contained with a half-width of dp(80% ET) = 0.1. This is
sometimes referred to a “hot jet core”. On the other hand, this figure also shows that for
about 9% of the “jets” 80% of their transverse energy is contained with a half-width of
dn(80% ET) > 0.6. Some “jets” are “fat” and some are “skinny”.

Instead of projecting the jet size on the pseudorapidity or the azimuthal angle axis,
one can describe the size of a jet with one parameter. The cone angle Bcone Was used to
describe 90° jets. However, as we will see the particles resulting from jets in the forward
region (i.e., ¢m small) do not, on the average, lie in a cone. Another variable that can

be used to describe the size of a jets is the “radius”, R, in n-¢ space. Namely,
n Y

R=/d? +d},

where dy, = |n—n(jet)| é.nd dy = |¢—@(jet)| and where dy is measured in radians.. Table 2
shows that, on the average, 80% of the multiplicity and transverse energy of a “jet” is
contained within a “radius” R of 1.29 and 0.45, respectively. An “average jet” contains
80% of its transverse energy with a “radius” of about 0.5 (with about 40% of the jet
multiplicity within this radius).

Of course, fluctuations are very prevalent. Figs. 13 and 14 show the percentage of
“jets” for which 80% of the multiplicity and 80% of the transverse energy, respectively,
are contained within the “radius” R. At 90° about 14% of the “jets” have 80% of their
transverse energy contained within a “radius” of 0.1, while for 10% of the “jets” one needs

¢ “radius” greater than 1.0!

IV. Jets in the Forward Region

Jets in the forward region (i.e., n(jet) > 4) arise from two-to-two subprocess in wkich
the parton-parton center of mass is “boosted” along the incident proton direction (i.e.,
along the Z- axis). Because of the Lorentz contraction “jets” no longer appear, on the

average, as cones. The shape in the azimuthal angle ¢ remains roughly invariant, while the
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Table 3. Angular size (in degrees) of a pseudorapid-
ity bin of size An = 0.5 centered at a pseudorapidity

Neenter:

Neenter Gem(center) Abem

0.0 . 90° 28.35°
1.0 40.4° 18.59°
2.0 15.4° 7.68°

3.0 5.7° 2.87°

4.0 2.1° 1.06°

5.0 0.77° 0.39°

6.0 0.28° 0.14°

skape in 6.y is compressed. If we were using the true rapidity rather than pseudorapidity,
the size would remain invariant. Shapes in pseudorapidity remain roughly invariant except
for slow particles where mass effects become important. This means that jets in the
forward region look, in the laboratory, more like sections of a “disk”. Using Table 3 one
can see that a 90° jet with a “radius” R = 0.5 when “boosted” in the forward region to
n(jet) = 4 (6ecm = 2°) becomes a “disk” with an azimuthal width of A¢ = 28° and an
angular width of Ay, = 1°!

Figs. 15 and 16 show the multiplicity flow and transverse energy flow of a single “jet”
that originated from a parton with n(parton) = 5.15 (i.e., 0.66°) and ¢(parton) = 180°,
respectively, versus pseudorapidity, while Figs. 17 and 18 show the multiplicity flow
and transverse energy flow, respectively, versvs the center of mass angle, . All the
transverse energy is located in an angular region Afcm of less that one degree. Figs.
19 and 20 show the multiplicity flow and transverse energy flow, respectively, versus the

azimuthal angle ¢. Here the width is similar to a 90° jet.
From the generate 20,000 “jets” 437 “forward jets” are selected (4 < n(jet) < 6.5)
9



Table 4. Selected sample of 437 “forward-jets” (i.e.,
n(jet) > 4) from the 20,000 “jets” generated in Table 1.
We have used the “theoretical” definition of a jet (i.e.,
all the particles resulting from the fragmentation of an
initial outgoing parton) and the + signs correspond not

to errors, but to the standard deviations from the mean.

Observable Value

< N(jet) > 55

< Ep(jet) > 124 GeV
gluon-jet 47%

g-jet 37%

g-jet 16%

< dy(80% N) > 0.96 + 0.54
< dn(80% ET) > 043 +045
fn 0.48

< dy(80% N) > 1.15 £ 0.52
< dy(80% ET) > 0.40 £ 0.42
fé 0.45

< R(80% N) > 1.61 £ 0.67
< R(80% ET) > - 0.66 £0.59
fr 0.42

and analyzed. Table 4 show some of the properties of the “forward jets”. The flavor
of these jets is somewhat different than the 90° sample (there is a higher percentage of
quark jets). The forward jets are a little “fatter” on the average, however this is not
a big effect. In the forward region < R(80% Er) >= 0.66 while at 90° one has 0.45.
Figs. 9 and 10 compare the pseudorapidity half-widths dp(80% N) and dn(80% ET) for
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the forward jets with the 90° jets and Figs. 11 and 12 compares the azimuthal angle
half-widths d4(80% N) and dy(80% ET) for the forward jets with the 90° jets. In both
cases the forward jets are a bit broader, but the differences are small. Similarly, Figs. 13
and 14 compare the “radius” R containing 80% of the “jet” multiplicity and transverse
energy, respectively, for the forward jets with the 90° jets. Again the differences are small.,
however, the forward region contains more fat jets. About 20% of the forward jets have

80% of their transverse enecgy contained in a radius greater than 1.0 compared to only

10% of the 90° jets.

V. The Electromagnetic Component of a Jet

We would like to find ~ut how the electromagnetic component (i.e., photons and
electrons) of a jet “tracks” the position of the jet. A sample of 2,000 jets from the first
1,000 events in Table 1 are analyzed but with the 70 allowed to decay into photons. Some
properties of these events are shown in Table 5. The particle multiplicity.has increased
because of the photons otherwise the events are very similar to those in Table 1 and
Table 2. Fig. 21 shows the percentage of “jets” for which the el:ctromagnetic component
carries a fraction, f (f2), of the total jet energy (transverse energy). For an average “jet”
ES™(jet)/ET(jet) = 0.24, however, there are large fluctuations as can be seen. Fig. 22
illustrates how well the electromagnetic component of a jets tracks the position of the jet
in pseudorapidity and azimuthal angle, respectively. Fig. 23 gives the percentage of “jets”
for which the electromagnetic component is located a “distance”, dem, in 7-¢ space away

from the true jet position. In particular,

dem = \/(n(em) — n(iet))? + (d(em) - d(jet))2,

where 7n(em) and ¢(em) are the positions of the electromagnetic component of the jet. As

can be seen from Table 5, on the average, dem is about 0.17. Again, however, there are
large fluctuations. Fig. 23 shows that about 27% of the “jets” had dem less than 0.05 and
about 10% of the “jets” have dem greater than 0.3!

It is interesting to see how well one can reconstruct the transverse energy of a jet using

only the electromagnetic component to determine the position (i.e., fem). Fig. 24 shows
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Table 5. Generated sample of 1,000 “two-jet” QCD
events in 40 TeV proton-proton collisions. N is the
number of particles (with the 0 a.llo;red to decay).
Eem(jet) and EZ"(jet) are the electromagnetic (i.e.,
photons and electrons) energy and transverse energy, re-
spectively, of the “jet”. Similarly, n(em) and ¢(em) are
the positions of the electromagnetic component of the
jet and dem = /(n(em) — n(jet))? + (¢(em) — d(jet))?.

The constructed jet transverse energy, Ep(con), is com-

puted using the only the electromagnetic component to
give the direction and then assigning the total energy

of the jet (electromagnetic and hadronic) to be in that

direction.

Observable Value

< N> 663

< N(jet) > 68

< Er(jet) > 142 GeV

< Eem(jet)/E(jet) >  0.24£0.14
< Ef™(jet)/Er(jet) > 0.24£0.14
< n(em) — n(jet) > 0.00 £ 0.20
< ¢(em) — ¢(jet) > 0.00£0.19
< Ep(con)/Eq(jet) > 0.95+0.14
< dem > 0.17+0.22

the ratio of the constructed jet transverse energy, Er(con), to the true jet transverse
energy, where
Er(con) = E(jet) sinfem.
12



Table 6. Selected sample of 467 forward (i.e., n(jet) >
4) “jets” in 40 TeV proton-proton collisi_ons. N is the
number of particles (with the 70 allowed to decay).
Eem(jet) and ET™(jet) are the electromagnetic energy
(s.e., photons and electrons) and transverse energy, re-
spectively, of the “jet”. Similarly, n(em) and ¢(em) are
the pseudorapidity and azimuthal angle of the electro-
magnetic component of the jet. The constructed jet
transverse energy, Ep(con), is cornputed using the only
the electromagnetic component to give the direction and
then assigning the total energy of the jet (electromag-

netic and hadronic) to be in that direction.

Observable Value

< N(jet) > 69

< Er(jet) > 126 GeV

< Eem(jet)/E(jet) > 0.24 £0.15
< EZ"(jet)/ ET(jet) > 0.23 £0.14
< n(em) — n(jet) > 0.00 £0.19
< ¢(em) — ¢(jet) > 0.00 £0.22
< Ep(con)/E7(jet) > 0.89 £0.16

Here we assume complete (i.e., ezact) knowledge of the jet energy (sum of electromag-
netic and hadronic), but the information as to the position of the jet comes solely from
the electromagnetic part. In particular, we assume exact knowledge of the position and
energy of the electromagnetic component of the jet and exact knowledge of the energy
of the hadronic component, but assume no knowledge as to the position of the hadronic

component. On the average, this does not work badly (the average ratio from Table 5
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is 0.95). The fluctuations, however, probably make this method of “jet” reconstruction
useless. For example, Fig. 24 shows that about 15% of the time one underestimates the

jet transverse energy by more that 20%.

For forward jets, n(jet) > 4, the situation is similar.- Table 6 gives some properties
of a selected sample of 467 forward “jets” in proton-proton collisions at the SSC center
of mass energy of 40 TeV with the hard scattering transverse momentum, kr, in the
range 100 < kp < 500GeV (with the 70 allowed to decay). Fig. 25 shows how well
the electromagnetic component of a jets tracks the position of the jet in pseudorapidity
and azimuthal angle, respectively, for forward jets. The plot is similar to the 90° jets in
Fig. 22. Fig. 26 shows the ratio of the constructed jet transverse energy, Er(con), to the

true jet transverse energy for forward jets. Again the results are similar to the 90° case.
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Figure Captions

Fig. 1. Percentage of “90°-jets” for which 80% of the jet multiplicity is located within a
cone of half-angle Bcone (in degrees) about the jet direction. Included in the plot are the
503 jets whose properties are listed in Table 2. The average “jet” contains 52 particles

and has a transverse energy of 145 GeV.

Fig. 2. Percentage of “90°-jets” for which 80% of the jet energy is carried by particles
located within a cone of half-angle Scone (in degrees) about the jet direction. Included in

the plot are the 503 jets whose properties are listed in Table 2.

Fig. 3. Percentage of “90°-jets” which have a fraction, fcone, of their tocal multiplicity
located within the cone of half-angle Bcone about the jet direction which contains 80% of

the jet energy. Included in the plot are the 503 jets whose properties are listed in Table 2.

Fig. 4. Multiplicity flow about the jet direction projected on the pseudorapidity axis
(integrated over all azimuthal angles ¢). Included in the plot are the 503 “90°-jets” whose
properties are listed in Table 2 and the 437 “forward jets” whose properties are given in

Table 4.

Fig. 5. Transverse energy flow about the jet direction projected on the pseudorapidity
axis (integrated over all azimuthal angles ¢). Included in the plot are the 503 “90°-jets”
whose properties are listed in Table 2 and the 437 “forward jets” whose properties are

given in Table 4.

Fig. 6. Multiplicity flow about the jet direction (¢(jet) = 180°) projected on the azimuthal
angle axis, ¢ (integrated over all pseudorapidity). Included in the plot are the 503 “90°-
jets” whose properties are listed in Table 2 and the 437 “forward jets” whose properties

are given in Table 4.

Fig. 7. Transverse energy flow about the jet direction (¢(jet) = 180°) projected on the
15



azimuthal angle axis, ¢ (integrated over all pseudorapidity). Included in the plot are the
503 “90°-jets” whose properties are listed in Tablc 2 and the 437 “forward jets” whose

properties are given in Table 4.

Fig. 8. Plot of the pseudorapidity, 7, versus the angle # (in degrees), where the center
of mass angle fcm = 90° — B and the pseudorapidity is given by n = —log(tan(fcm/2)).

Also plotted is the angle 4 in radians versus 3 in degrees. For § small A(in radians) =~ 7.

Fig. 9. Percentage of “jets” for which 80% of the jet multiplicity is located within a half-
width, dy = |n — n(jet)|, in pseudorapidity (integrated over all azimuthal angle ¢) about
the jet direction. Included in the plot are the 503 “90°-jets” whose properties are listed

in Table 2 and the 437 “forward jets” whose properties are given in Table 4.

Fig. 10. Percentage of “jets” for which 80% of the jet transverse energy is carried by
particles located within a half-width, dy = |7 — n(jet)|, in pseudorapidity (integrated over
all azimuthal angle #) about the jet direction. Included in the plot are the 503 “90°- jets”
whose properties are listed in Table 2 and the 437 “forward jets” whose properties are

given in Table 4.

Fig. 11. Percentage of “jets” for which 80% of the jet multiplicity is located within a half-
width, dy = |¢ — @(jet)|, in azimuthal angle (integrated over all pseudorapidity) about
the jet direction. Included in the plot are the 503 “90°-jets” whose properties are listed

in Table 2 and the 437 “forward jets” whose properties are given in Table 4.

Fig. 12. Percentage of “jets” for which 80% of the jet transverse energy is carried by
particles located within a half-width,dy = |¢ — ¢(jet)|, in azimuthal angle (integrated over
all pseudorapidity) about the jet direction. Included in the plot are the 503 “90°-jets”
whose properties are listed in Table 2 and the 437 “forward jets” whose properties are

given in Table 4.

Fig. 13. Percentage of jets for which 80% of the jet multiplicity is located within a radius,
16



R = /d% + dﬁ, about the jet direction. Included in the plot are the 503 “90°-jets” whose
properties are listed in Table 2 and the 437 “forward jets” whose properties are given in

Table 4.

-

Fig. 14. Percentage of jets for which 80% of the jet transverse energy is carried by particles
located within a radius, R = ,/d?, + d?, about the jet direction. Included in the plot are
the 503 “90°-jets” whose properties are listed in Table 2 and the 437 “forward jets” whose

properties are given in Table 4.

Fig. 15. Multiplicity flow about the jet direction projected on the pseudorapidity axis
(integrated over all azimuthal angles ¢) for a single jet initiated by a “parent” parton with
a pseudorapidity n(parton) = 5.15 (i.e., 0.66°) and an azimuthal angle ¢(parton) = 180°.
The jet has a transverse energy of 111 GeV and a particle multiplicity of 50.

Fig. 16. Transverse energy flow about the jet direction projected on the pseudorapidity
axis (integrated over all azimuthal angles ¢) for a single jet initiated by a “parent” parton
with a pseudorapidity n(parton) = 5.15 (i.e., 0.66°) and an azimuthal angle #(parton) =
180°. The jet has a transverse energy of 111 GeV and a particle multiplicity of 50.

Fig. 17. Multiplicity flow projected on the fcm-axis (integrated over-all azimuthal an-
gles @) for a single jet initiated by a “parent” parton with 6.m(parton) = 0.66° (s.e.,
n(parton) = 5.15) and an azimuthal angle ¢(parton) = 180°. The jet has a transverse
energy of 111 GeV and a particle multiplicity of 50.

Fig. 18. Transverse energy flow projected on the fcm-axis (integrated over all azimuthal
angles ¢) for a single jet initiated by a “parent” pirton with fcm(parton) = 0.66° (s.e.,
n(parton) = 5.15) and an azimuthal angle ¢(parton) = 180°. The jet has a transverse
energy of 111 GeV and a particle multiplicity of 50.

Fig. 19. Multiplicity flow projected on the ¢-axis (integrated over all pseudorapidity) for a
17



single jet initiated by a “parent” parton with 6cm,(parton) = 0.66° (i.e., n(parton) = 5.15)
and an azimuthal angle ¢(parton) = 180°. The jet has a transverse energy of 111 GeV
and a particle multiplicity of 50.

Fig. 20. Transverse energy flow projected on the ¢-axis: (integrated over all pseudora-
pidity) for a single jet initiated by a “parent” parton with f.m(parton) = 0.66° (i.e.,
n(parton) = 5.15) and an azimuthal angle ¢(parton) = 180°. The jet has a transverse
energy of 111 GeV and a particle multiplicity of 50.

Fig. 21. Percentage of “jets” which have a fraction, f; = Egm/E(jet), of their total energy
resulting from electromagnetic particles (i.e., photons and electrons) and the percentage of
“jets” which have a fraction, fo = Ef™/Er(jet), of their total transverse energy resulting
from electromagnetic particles. The plot comes from the sample of 2,000 “jets” whose

properties are given in Table 5.

Fig. 22. Compares the true position of a “jet” in pseudorapidity, n, and in azimuthal
angle, ¢, respectively with the position arrived at by taking only the electromagnetic
particles (i.e., photons and electrons) within the jet. The plot comes from the sample of

2,000 “jets” whose properties are given in Table 5.

Fig. 23. The “distance”, d = ,/d% + d?, between the true jet direction and the direction
of the electromagnetic component of the jet (1.e., photons and electrons). The plot shows
the percentage of jets for which the direction electromagnetic component differs from the
true direction by a distance, d. The plot comes from the sample of 2,000 “jets” whose

properties are given in Table 5.

Fig. 24. Ratio of the transverse energy constructed using the direction of the electromag-
netic component (i.e., photons and electrons) of the jet to the true jet transverse energy,
Ep(true). The constructed jet transverse energy, Ep{con), is computed using the only

the electromagnetic component to give the direction and then assigning the total energy
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of the jet (electromagnetic and hadronic) to be in that direction. The plot comes from

the sample of 2,000 “jets” whose properties are given in Table 5.

Fig. 25. Compares the true position of a “jet” in pseudorapidity, n, and in azimuthal
angle, ¢, respectively with the position arrived at by taking only the electromagnetic
particles (i.e., photons and electrons) within the jet. The plot contains the sample of 467

forward “jets” in Table 6.

Fig. 26. Ratio of the transverse energy constructed using the direction of the electromag-
netic component (i.e., photons and electrons) of the jet t> the true jet transverse energy,
Fr(true). The constructed jet transverse energy, ET(con), is computed using the only
the electromagnetic component to give the direction and then assigning the total energy
of the jet (electromagnetic and hadronic) to be in that direction. The plot contains the

sample of 467 forward “jets” in Table 6.
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