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The Jet Energy Profile:
A BSM Analysis Tool|

R. S. Chivukula#lﬂ E. H. Simmons, and N. Vignaroli

Department of Physics and Astronomy, Michigan State University,
East Lansing, MI, /8825, USA
# E-mail: sekhar@msu.edu

A new heavy di-jet resonance could be discovered at the 14 TeV LHC. In this talk
we present a strategy to reveal the nature of such a particle; in particular to discern
whether it is a quark-antiquark (¢q), quark-gluon (qg), or gluon-gluon (gg) resonance.
The strategy is based on the study of the energy profiles of the two leading jets in the di-
jet channel. Including statistical uncertainties in the signal and the QCD backgrounds,
we show that one can distinguish between gg, qg, and ¢g resonances; an evaluation
of systematic uncertainties in the measurement of the jet energy profile will require a
detailed detector study once sufficient 14 TeV di-jet data is in hand.

Keywords: Extended strong interactions, Experimental tests, BSM physics.

1. Introduction

Searches for heavy resonances produced in the s-channel and decaying into a pair of
jets offer a simple and powerful probe of many different scenarios of new physics at
the Large Hadron Collider. ATLASZ and CMS3# have recently presented the results
of the searches for narrow di-jet resonances at the LHC with /s = 8 TeV. Lower
limits on the masses of new hypothetical particles in a variety of beyond the standard
model theories have been obtained. The upcoming LHC run at /s = 14 TeV will
have the capability to greatly extend the discovery reach in the di-jet channel®. If a
hadronic resonance is discovered in the di-jet channel a major challenge will be the

1507.06522v1 [hep-ph] 23 Jul 2015

identification of the nature and of the properties of the newly discovered particle.

In this talk we present a strategy to reveal if such a particle is a quark-antiquark
(7q), a quark-gluon (gg), or a gluon-gluon (gg) resonance. This strategy™ analyzes
the energy profiles of the two final jets©.

We consider three compelling benchmark scenarios to describe different di-jet

arxXiv

resonances: the flavor universal coloron model™ for gg resonances, the excited
quark model of Ref.#20 for ¢g resonances and the general parameterization in
of color-octet scalar interactions for gg resonances. All of the results are shown in
the relevant mass-coupling parameter space that is both not excluded by the 8 TeV
LHC analyses@ and conducive to a 50 discovery of the resonance in the di-jet

*This contribution is an abbreviated version of ref.ll.
TDr. Chivukula presented this talk at SCGT15.
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channel at the 14 TeV LHC. The LHC-8 excluded regions are extracted from the
ATLAS2 and CMS3 searches; the LHC-14 discovery reach is evaluated based on
Monte Carlo simulations.

Information on the partonic origin of a di-jet resonance is provided by the anal-
ysis of the jets’ substructure, in particular by the study of the energy profiles® of
the two final jets. Quark-initiated jets have more quickly rising profiles compared
to gluon jets, so that discrimination among the different gq, qg, and gg di-jet reso-
nances is possible from analyzing the di-jet energy profiles. We evaluate the (mean)
jet energy profiles by applying the theoretical calculations in perturbative QCD, at
next-to-leading logarithmic accuracy, which have been developed in Ref.1443, Sta-
tistical fluctuations on the jet energy profiles are generated through Monte Carlo
simulations and, consequently, the statistical efficiency of our discriminating tool
based on the di-jet energy profiles is evaluated. Including statistical uncertainties
in the signal and the background, we show that one can distinguish between gg, qg,
and ¢gg resonances; an evaluation of systematic uncertainties in the measurement of
the jet energy profile will require a detailed detector study once sufficient 14 TeV
di-jet data is in hand and is beyond the scope of this paper. [

2. Benchmark models for di-jet resonances

We consider three benchmark models for gq, qg and gg resonances. For gg and
qg resonances, we will refer to the same models as were considered in the recent
CMS3¥ and ATLAS? analyses. For the g resonance, we will consider the flavor
universal coloron model considered in the CMS analysis™®*,

2.1. Flavor universal colorons (C)

Quark-antiquark resonances are present in many different kinds of new physics
scenarios. We focus here on the coloron model presented in Ref. 8. This model
belongs to the class of theories predicting an extended strongly interacting sector
SU(3)1 x SU(3)2 that spontaneously breaks to SU(3)gcp™ Y. The model can be
flavor universal, which is the case we will consider here.

At high energies, the model features an enlarged color gauge structure SU(3); x
SU(3)2. This extended color symmetry is broken down to SU(3)¢ by the (diagonal)
expectation value of a scalar field, which transforms as a (3,3) under SU(3); x
SU(3)2. It is assumed that each standard model (SM) quark transforms as a (1, 3)

Additional techniques based on the study of jet substructure and aimed at identifying di-jet
resonances and/or improving the signal-to-background ratio have been extensively considered in
the literature. Recent examples are the study of the color flow in Ref.14| the analysis of the
charge track multiplicity and the pp-weighted linear radial moment (girth) in Refs. 1946, and the
study of generalized angularities in''” aimed at distinguishing quark and gluon jets on an event-
by-event basis. The current status of jet substructure techniques, covering both experimental and
theoretical efforts, is reviewed inl8., More sophisticated analyses employing these methods could
yield even more discrimination power than the simpler method considered here.
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under the extended strong gauge group. The color symmetry breaking induces a
mixing between the original SU(3); and SU(3)s gauge fields, which is diagonalized
by a field rotation determined by

tang = 92 gs = g1 sinf = g cos b, (1)
g1
where gg is the QCD strong coupling and g1, g2 are the SU(3); and SU(3), gauge
couplings, respectively. The diagonalization reveals two classes of color-octet vector
boson mass eigenstates — the massless SM gluons and the new colorons C'*, which
are massive,

gsu
— S 2
"= Sinfcosf 2)
where u is the breaking scale for the extended color symmetry. The coloron’s

interactions with quarks are determined by a new QCD-like coupling
/\a
—9s taneZQf’YuEchﬁ : (3)
f

A coloron that decays to all six quark flavors (m. > 2my,p) has a decay width:
I'(C) = agme tan® 0 (4)

Colorons can be produced at the LHC by quark-antiquark fusion at a rate deter-
mined by the C' coupling to light quarks, g;tanf. Gluon-gluon fusion production,
on the other hand, is forbidden at tree level by SU(3)c gauge invariance?2 24 and
has been found to be insignificant at the one-loop level??. The CMS search for di-
jet resonances™ has considered the hypothesis of a flavor universal coloron, taking
this model as a benchmark and fixing tanf = 1.

2.2. Excited quarks (q*)

Quark-gluon resonances are a general prediction of composite models with ex-
cited quarks®1U,
logical model of?, which describes an electroweak doublet of excited color-triplet
vector-like quarks ¢* = (u*, d*) coupled to first-generation ordinary quarks. In this
model, right-handed excited quarks interact with gauge bosons and ordinary (left-
handed) quarks through magnetic moment interactions described by the effective
Lagrangian:

In this work we will take as our exemplar the phenomeno-

1 % v A\ T r Y
Lint = JQRUH gSfS?GZV + gf§ 'W;w +9g f iBuV qr, + H.c. (5)

The excited quarks can decay into qg or into a quark plus a gauge boson. The
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corresponding decay rates are:

3

« 1 Mgy
(q" = a9) = gasfi—3
) 1 mg,
L(q" = qv) = ;of 45 (6)

§ 142 m3, m2 1?2 m2
L(q" = V) = 5o o4 {1—m§ 24+ L

A2 e Mg
with V = W, Z and with the definitions
Y
fy=ITs+ f/§
Y
fz = fT3cos® Oy — f’5 sin? Oy (7)

f
fw = 7
The ¢* — qg branching ratio is about 0.8 for fg = f = f’.

Excited quarks are singly produced at the LHC through quark-gluon annihilation
and, as just noted, they dominantly decay into qg. For our analysis, we choose the
benchmark parameters A = mg- and fg = f = f’, while allowing the overall
coupling strength to vary. By way of comparison, recent LHC searches, CMS24
and ATLAS? have used the same value of A with fg = f = f' = 1.

2.3. Color-octet scalars (Ss)

A gluon-gluon final state can generally arise from decay of colored scalars in models
with extended color gauge structurest?2L2627  Tn this work we adopt the general
effective interaction for a color octet scalar, Sg, introduced in":
L _ dABCkiSAGB GC,MV (8)
Sg — gS AS 8 nv ’

where d is the QCD totally symmetric tensor.

A colored scalar of this kind is singly-produced at the LHC through gluon-gluon
annihilation. We consider the case in which it decays entirely (or almost entirely)
into gluons. The corresponding decay rate reads:

5 k% 4
P(Sg) = gOéSATmSS . (9)
S

We set As = mg, and we present results for different couplings kg. Similarly,
CMS® and ATLAS? present searches for Ag = mg, and kg = 1.
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3. LHC Discovery Reach

For each type of dijet resonance, we begin by deriving the relevant mass and coupling
parameter space for our analysis, namely the region that is not yet excluded by
LHC-8 analyses and in which a 50 discovery will be possible at the 14 TeV LHC.

We derive the excluded parameter region for colorons from the CMS analysis
in®; for excited quarks and scalar-octets, we obtain constraints by considering the
strongest limits within the CMS® and ATLAS analyses“. Note that CMS and AT-
LAS searches have a poor sensitivity to resonances whose width is large compared
to the detector di-jet mass resolution, ¢.e. with a width-over-mass value of greater
than ~0.15%%. In what follows, we assume that the new resonances are sufficiently
narrow to be discovered in di-jets and that they decay only (or at least predomi-
nantly) to pairs of jets: gq, qg, or gg.

The 50 discovery reach at the 14 TeV LHC is estimated by evaluating S/+/S + B,
where S and B are, respectively, the total number of signal and background di-jet

events passing the CMS kinematic selection criteria in®:

pr(ji1,2) > 30 GeV, In(j12)| < 2.5, |An(jij2)| < 1.3 . (10)

For a given potential resonance mass M we also require the invariant mass of the
two leading jets to be within a range of £0.15M from the di-jet invariant mass
peak. The standard model di-jet background is taken from Ref.%?
carefully estimated by applying the same CMS cuts to matched samples of two- and
three-jet final states using MADGRAPH®" and PYTHIA®Y, The simulated di-jet
signals at the 14 TeV LHC for the different resonances are generated at parton level
with MADGRAPHv5 and the CT10%? set of parton distribution functions, after
implementing the benchmark models with Feynrules“2. We find an acceptance rate
for the CMS kinematic selection criteria™ of about 0.58 for Sg or ¢* and of about
0.5 for C, for the mass ranges of interest.

Fig. |l| shows our estimates of the 50 reach at the 14 TeV LHC in the mass-
vs.-coupling plane for colorons, excited quarks, and scalar-octets, for integrated
luminosities of 30 — 3000 fb~!. The discovery reach we find for the coloron is very
similar to those already derived in2%34

Within each pane of Fig. we may identify a “region of interest” where a
resonance of a given mass and coupling is not excluded by LHC (i.e., is not in the

, where it has been

and in?,

blue region at left), is relatively narrow (lies below the horizontal dashed curve) and
would be detectable at LHC-14 at the indicated luminosity (is within the central
light-grey region).

4. Jet Energy Profiles

In this section we will examine the use of jet energy profiles (JEPs)® to statistically
distinguish Gq, gg and gg di-jet resonances. For a jet of size R, the (integrated)
JEP, ¢(r), is defined as the fraction of jet transverse momentum that lies inside a
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Fig. 1.

14 (pink). Thick colored curves show the 50 reach at luminosities from 30 — 3000 L.
Above the upper dashed line, the resonance is too broad to detect (I' = 0.15M); below
the lower dotted line it is narrower than the experimental resolution (I' < My.s), where

Myes = 0.035M BI. Resonance widths are calculated as shown in section

> pr(r')
r’'<r ) (11)

P(r) =
") > pr(r)

r’'<R

sub-cone of size r (< R),
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Gluon-initiated jets radiate more and produce a slowly rising JEP. Quark initiated
jets, on the other hand, radiate less and have a quickly rising JEP.

We will begin by considering the statistical limitations of measuring the JEP of a
simulated sample of pure signal events — di-jet events arising solely from a coloron,
excited quark, or color-octet scalar. We will subsequently consider the effect of
QCD background on the statistical significance of measuring the jet energy profile
of the signal. We will show that the measurement is not statistically limited and,
if systematic errors can be controlled, will clearly distinguish between the types
of di-jet resonances we consider. An evaluation of systematic uncertainties in the
measurement of the jet energy profile will require a detailed detector study once
sufficient 14 TeV di-jet data is in hand, and is beyond the scope of this paper.

4.1. JEP Measurement Based on Signal FEvents

We consider first the measurement of the jet energy profile of a sample of di-jet
events arising solely from the production of a coloron, excited quark, or color-octet
scalar. As explained above, due to the differing pattern of soft gluon radiation from
quarks and from gluons, in principle a measurement of the JEP could distinguish
among these different types of resonances since they decay into different final states.
Experimentally measured JEPs, of course, include not just the effects of the initial
high-Q? radiation arising from the quarks and gluons produced in the hard event,
but the subsequent low-Q? showering and hadronization of these objects — a de-
scription of which depends on tune-dependent Monte Carlo event generators such
as PYTHIABLSS, JEPs have been recently measured at ATLAS®? and at CMS:8
and, indeed, the results of the JEP measurements=238 show that the data can be
reproduced only after a careful calibration of the shower /hadronization parameters.

The copious di-jet data available from the 14 TeV LHC will allow for the neces-
sary calibration — and, as we will show, we expect to find clear differences between
the di-jet JEP measured in the resonance region and that measured from the purely
SM background events at off-resonance di-jet invariant masses. However, since 14
TeV LHC data and tuned event generators are not yet available, we will rely on
a theoretical calculation to estimate the average shape of the JEPs for colorons,
excited quarks, and color-octet scalars, and we will use MC simulations — MAD-
GRAPH interfaced with PYTHIA v6.4 (default tune) — to evaluate the statistical
uncertainties on the measurement of these profiles. Specifically, we calculate the
mean values of the jet energy profiles in perturbative QCD (pQCD) by using the
jet functions derived in"243 which apply a next-to-leading-logarithm (NLL) re-
summatiorﬂ Indeed, we find this procedure yields very good agreement with the
experimental data from CMS at 7 TeV=® and the Tevatron®?. The pQCD calcula-
tion depends on two phenomenological parameters that take into account the effect

PTerms of the form a%(log(R/r))?", a2 (log(R/r))?" 2 are resummed to all orders in ag. The
studies in1213 show that NLL resummation is necessary for a correct description of the data; fixed
NLO calculations overestimate the JEPs and fail to describe the data.
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of uncalculated sub-sub-leading logarithmic contributions. We will fix these param-
eters at the values that reproduce the Tevatron data®?. Once calibration becomes
possible, these parameters, too, will need to be fixed at the values that reproduce
the 14 TeV LHC datd] Since we are not using calculations tuned to LHC energies,
our absolute results for the jet energy profiles will not precisely match those to be
expected at the LHC — however, we expect the relative differences in the JEPs we
find between the various kinds of resonances to be representative of what would be
seen there.

We consider first the signal of a 4 TeV di-jet resonance, coming from an Sg,
C or ¢*, which can be discovered with approximately 30 fb~! at the 14 TeV LHC
and which has not been excluded by the present LHC-8 searches. In particular, we
consider an Sg resonance with a coupling kg = 0.65, a coloron with tanf = 0.6 and
a ¢* with fg = 0.4. After the CMS selection cuts ([10)), all of these three types of
resonances give, approximately, the same signal cross section around the resonance
peak. We will analyze the jet-energy profiles for di-jet resonance events passing the
CMS kinematic cuts and in a region |M;; — M| < T'/2; we take conservatively
T = I'(Sg), corresponding to the largest possible width among those of the three
types of resonances. The choice of focusing our analysis in a narrow region around
the resonance peak is intended to minimize the SM di-jet background which, as we
will see in the next subsection, will affect the uncertainty of our discriminating tool.
After selection we obtain a di-jet resonance signal cross-section of 22 fb.

The predicted JEPs for a quark or gluon jet, 1(r), are obtained as in Ref.%” by
fitting a functional form to the results of a full perturbative QCD calculation done
at several values of TE| Since the resonances we are studying each decay to two jets,
we then calculate a predicted di-jet profile v;; for the resonance decay as

¥j(r) = ¥1(r) + ¢a(r) (12)

where 11 (1), 12(r), respectively, denote the JEPs of the leading and next-to-leading
jet.

In order to quantify the power of JEPs to discriminate between different types of
resonances, we will apply a one-parameter fit, so that we can unequivocally assign
a specific value of the fit parameter to each signal di-jet profile. Specifically, we can
parameterize the generic di-jet profile of the signal as

bs(r) = faq(r) + (1= f)ibgg(r) - (13)

Here, f is our fit parameter that indicates the fraction of quark-jets in a generic
di-jet resonance: f = 0,0.5,1 for a gg, qg, or gq resonance respectively. The mean

CE.g., Z +jets events with jets in a kinematic region similar to that of di-jet resonances could be
used as calibration samples.

dTo be more specific, the predicted ¥(r) JEPs for either quark jets or gluon jets are obtained by
fitting an exponential function of the type (1 — be™2")/(1 — be~2%)4U o the discrete ¥ (r) values
obtained from the full pQCD calculation at several fixed r points. We calculate ¢ (r) at Ar = 0.1
steps, starting from r = 0.1 up to r = R = 0.5.
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values of the different jet-energy profiles determined by pQCD are shown as the
central values of the curves in Fig. [3]— note the difference between the JEPs arising
from gq, qg, and gg dijet events.

We estimate the statistical uncertainty on the mean values of the JEPs for a
sample of pure signal events by running pseudo-experiments through MC simu-
lations. We evaluate the statistical errors in the JEPs at Ar = 0.1 steps. Signal
sample events are generated with MADGRAPH v.55% and interfaced with PYTHIA
v.6 for shower and hadronization. The jets are clustered through FASTJET#! by
an anti-kT algorithm with cone size R = 0.5. JEPs are then obtained by analyzing
the jet substructure, according to the formula in . We find, as expected, that
the statistical fluctuations in 1, and hence f, follow Gaussian distributions and that
the errors scale as the square root of the number of events. In particular, we find
that the uncertainty in the value of ¢¥(r) at » = 0.1 (which yields the largest error)
scales as

a2(0.1)
S )

where 0(0.1) = 0.4 and S is the total number of signal events.

(645(0.1))? ~ (14)

4.2. Including QCD Background

Events/ (0.1 TeV)

14000

12000

10000

8000

6000

4000

2000

My (Tev)

Fig. 2. Sketch of how the number of signal (blue), background (red) and total observed
events (black) could depend on dijet invariant mass (Mj;) if a dijet resonance is discovered
at the LHC. This figure illustrates issues raised in the discussion of JEP measurements
and uncertainties in Section 5.2.

Next, we consider the impact of QCD background on our analysis. The reso-
nance will appear as a “bump” in a plot of the di-jet invariant mass distribution,
as sketched in Fig. [2| In the signal region (|M;; — M| < T'/2) there will be S signal
events and B QCD background events. As mentioned above, for the benchmark
4 TeV di-jet resonance we find a signal cross section of 22 fb, and extracting the

f. 29

background from Ref.“?) we find a signal-to-background ratio of 1/23.



October 13, 2018 17:7 WSPC Proceedings - 9.75in x 6.5in RSC-Nagoya-SCGT-proceedings-2015-7-17  page 10

10

It is not possible to measure the jet energy profile of the signal alone; mea-
surements of the JEP in the signal region, ¥ops(r), will include both signal and
background. One can also measure the jet energy profiles in “side-bands”, regions
of di-jet invariant mass immediately adjacent to but outside the resonance region;
this yields an experimentally determined measurement of the JEP of the QCD back-
ground, ¥ p(r). We expect that the experimental uncertainties on these individual
measurements will scale analogously to what is shown in eq. :

2 2

(oms)? ~ L (ays(ryy ~ T (15)
The desired quantity 1g(r) is now related to the measurable JEPs by
S
Yops(r) = miﬁs(r) + mle(”") ) (16)
and hence
B

¥s(r) =vops(r) + 5 (Yops(r) = ¥5(r)) . (17)

The statistical uncertainties in the quantities ¥opg and ¥p are given by eq. .
Since we are working in a regime in which B > S, the uncertainty in B/S is
dominated by fluctuations in the number of signal events and is roughly B/S%/2.
From eq. , we find the mean-square error on g to be
2 2
a Bl | (Ys—vB)
)i — (1422 | 4+ 221
usf = 5 1425 ] + 25
where we have neglected terms suppressed by S/B. The first term in eq.
represents the “dilution” in the measurement of )¢ due to QCD background, relative
to the sample-only error of eq. , and the second term is due to the uncertainty
in the number of signal events. From Fig. [3] we see that the difference in JEPs

(18)

(which is maximal for the difference between pure gq and gg states at r = 0.1) is
bounded from above by about 0.5; in the regions in which the di-jet resonance can
be observed, the second term in eq. is negligible. Fig. |3| shows the resulting
di-jet energy profiles, with uncertainty bands including the effect of the background
subtraction, for the gg (coloron), gg (excited quark) and gg (scalar octet) 4 TeV
di-jet resonance.

We can translate the statistical error on ¥(r)s into a statistical uncertainty on
the f parameter ﬁ Results predicted for the 14 TeV LHC with 100 fb~! of data are
f =1.00 £ 0.06 for a g resonance, 0.50 &£ 0.07 for a qg resonance, and 0.00 & 0.08
for a gg resonance.

©This is obtained via the following procedure. Using a step size Ar = 0.1, we generate a large
number of 9 (r) values according to the Gaussian fluctuations which we have calculated by running
pseudo-experiments. The generated (r) points are fitted by the function (1 —be™2")/(1 —be~ %)
and the resulting profiles are translated into f values according to eq. . We thus obtain the
statistical fluctuation on f and we are able to calculate the corresponding standard deviation.
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M=4TeV L =100fb~t
¥ (1)

15} aq
qg9
10} e/e]
05
00 L L L L L L L L L L L L L L L L L L L L L L L L I} r
01 02 03 04 05

Fig. 3. Di-jet energy profiles for gq (coloron), gg (excited quark) and gg (scalar octet) 4
TeV di-jet resonances (the respective resonance couplings are fixed to tan 8 = 0.6, fg = 0.4,
and kg = 0.65). Each band shows a £1o statistical variation from the mean curve. The
effect of background subtraction, eq. , is included.

We can also evaluate the statistical efficiency of our discriminating tool according
to a t-test. We find that even the most challenging discrimination, that between
qg and gg resonances, can be performed at a high statistical level, of ~5c0, with
100 fb~! at the 14 TeV LHC. A gq resonance can be well distinguished from a gg
resonance: a ~50 level of distinction can be achieved with only ~30 fb=1.

We can repeat this analysis for several different di-jet resonance mass values and
consequently estimate the statistical uncertainty on the quark-jet fraction parame-
ter, Af, for different resonance couplings and LHC luminosities by considering that

Af scales as
V1+22
ap~ VT8 (19)

VS

with the total number of signal (S) and background (B) events. S = ogL, B=o0pL,
where L is the integrated luminosity, og is the di-jet signal cross section (which
depends on the resonance mass and coupling), and op is the background cross
section (which depends on the di-jet invariant mass cut). As in the previous analysis
at M = 4 TeV, we apply the CMS selection cuts in and we restrict to a di-jet
invariant mass region |M;; — M| < I'/2, where, conservatively, we take I' = 0.15M.

Through this analysis we can establish the region of masses and couplings where
the quark jet-fraction parameter f can be measured sufficiently well to distinguish
between colorons, excited quarks, and color-octet scalars. In particular, we obtain
contours of constant statistical uncertainty in the signal quark-jet fraction, Af,
in the parameter space for the three di-jet resonances at different 14 TeV LHC
integrated luminosities, as shown in Fig. Together with the Af contours we
show (in grey) the regions illustrated in Fig. that are still allowed by LHC-8



October 13, 2018 17:7 WSPC Proceedings - 9.75in x 6.5in RSC-Nagoya-SCGT-proceedings-2015-7-17  page 12

12

data and where a 50 discovery of the specific di-jet resonance is achievable with
the given luminosity. In the case L = 100 fb~! we also indicate with a red dot the
mass-coupling values considered in the analysis at M = 4 TeV.

The results show that if a 5o discovery of a di-jet resonance occurs at the 14 TeV
LHC, the statistical uncertainty on the corresponding f parameter will be small;
we have Af < 0.1 for all of the three types of resonances in essentially the entire
relevant parameter space where we can reach a 5o discovery at the 14 TeV LHC.
Thus, it should be possible to use the analysis of JEPs to distinguish among gg, qg,
and gq dijet resonances.

We must reiterate, however, that our study only examines the statistical signif-
icance of the di-jet resonance discrimination through JEPs. We make no attempt
to estimate the effects of possible systematic uncertainties on the JEPs, as this will
require a detailed detector study and is only likely to be possible with data in hand
— and is therefore beyond the scope of this paper.

5. Conclusions

We have presented a strategy of distinguishing different possible dijet resonances
through the study of the energy profiles of the decay jets. Fig. [4] summarizes our
results for the analysis of the di-jet energy profiles of gq, q¢ and gg resonances,
including the statistical uncertainties and the effect of background subtraction. We
find that the analysis of JEPs can distinguish gg, qg, and Gq resonances even after
accounting for statistical uncertainties in the signal and the background.

We look forward to exciting results from the upcoming run of the LHC, and the
possible discovery of a heavy di-jet resonance.
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