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We present a concise review of the plans of the ATLAS and CMS Collaboralions lo search 
for new physics using dijel events. The inclusive cross section as a function of jet pr, the 
dijel. mass dis lribution and the dijel ratio's CMS techniques are presented together with 
their potential of discovery with a focus on the integrated luminosities of 10, 100 and 1000 
µb- 1

. Analogously, the inclusive jet and angular distribution searches in the dijet channel 
from ATLAS arc presented together with the potential of discovery given in terms of needed 
integrated luminosity. 

1 Introduction 

Inclusive clijet production is the dominant LHC process. To lowest order it arises from the 2 __. 
2 scattering of partons. Inclusive jets and dijets both originate from this Standard Model (SM) 
scattering. Dijet resonances from theories such as Technicolor 1 , Grand Unified Theory 2 , Su
perstrings :i, Compositeness 1 , Extra. Dimensions 5 and Extra Color 6 7 , and Contact Interactions 
8 9 

a (CI) are signals of :New Physics (NP) which can be discovered with dijet eveuts, thanks to 
the deviations they produce in the basic SM distributions. Dijet resonances produce compelling 
signals, but require the incoming parton-parton collision energy to be close to the mass of the 
produced resonance, which must be kinematically accessible. Cl's, i.e. from Quark Composite
ness, produce more ambiguous signals, but come from an energy scale of NP, A, which can be 
significantly larger than the available collision energy. The focus of this article will be on the 
CMS plans on analyzing the first available dijet data and the ATLAS results from simulation. 
Finally, a summary on the potential of discovery and exclusion of the two experiments will be 
given. 

2 CMS's dijet searches for NP 

CMS work presented here focus on sensitivities to NP for 10, 100 and 1000 pb- 1 of integrated 
luminosity. CMS has developped 3 different techniques for its dijet searches, following the work 
started at the Tevatron 10 11 : the inclusive jet rat.e versus jet PT in the search of Cl's, the dijet 
rate versus dijet mass in the search of resonances and the dijet ratio for both kind of NP signals. 
The lefthand plot in Figure 1 shows the fractional difference from the QCD background in the 
inclusive jet PT spectra of a CI for two different A scales. A CI with scale A = 3 TeV produces 

0 
Both ATLAS and CMS use the Cl lagrangian lcrm: L0000 = A (g2 /2Ald (q1,")'"qL)(QL ")'1,qr,) where A is lhe 

contacl interaction scale, g2 is by convention 47ro., and with A = + l (destructive interference sign) . 
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a clear rate deviation from the QCD expectation for j€'.t Pr > 1 Te V in the first 10 p b - l. even 
taking into account a 103 energy scale uncertainty. The Tevatron has excluded A up to 2.7 
Te V 12

, therefore, CMS has a clear possibility of discovery in the first data. In the dijet rate 
versus dijet rna.'>s search, CMS can use a :;mooth fit or ;i, QCD prediction to model the QCD 
background in order to estimate the sensitivity to NP shown in the righthand plot of Figure 
1 as fractional difference of a Z'-like spin 1 resonance, with the rate of an excited quark 4 (q*) 
resona11ce, from the QCD background for 100 pb- 1 and compared to the stati:;tical error. Such 
plot shows that a 2 TeV resonace has a convincing significance for only 100 pb- 1 . 

, 1.2 , 4 
Jet P (TeV) 

Figure 1: Lefthand plot: Fractional deviation from the QCD background in the inclusive jct pr spectra of a CI 
for scale A= 5 TeV (triangles) and scale A= 3 TeV (squares) compared to the statistical error (vertical bars) and 
the energy scale and PDF uncertainties (dashed and dotted lines). Righthand plot: Fractional difference from 
the QCD background of a Z'-like spin 1 resonance, with the rate of q" resonance, for masses of 0.7, 2.0 and 5.0 

TeV (solid line) and 100 pb- 1 of integrated luminosity, compared to the QCD statistical error (vertical bars). 

Another technique is going to be used by CMS to discover NP: the dijet ratio. The dijet ratio is 
defined as the number of events in which each leading jet has lr1I < 0. 7 divided by the number of 
events in which each leading jet has 0.7 < i771 < 1.3. The two region cuts have been optimized 
on the sensitivity. The events in the numerator typically have values of cos (}* (where(}* is the 
angle between the intial and final state partons in the center of momentum frame) close to zero, 
so the numerator is sensitive to NP which tends to be relatively isotropic, pretty flat in cos 
(}* . In coutrast the events in the denominator typically have larger values of cos (} *, closer to 
0. 7. The denominator will mainly contain background from QCD dijets. The dijet ratio versus 
the dijet mass for the QCD dijets is constant at the value of 0.5 up to 6 TeV. CI affects the 
dijet ratio distribution at high mass. In the lefthand plot of Figure 2 is shown the fractional 
difference from the SM QCD of a Cl, for 3 different A scales and for 100 pb-1 . Detailed studies 
have demonstrated that CMS can discover a CI of scales A = 4, 7 and 10 Tc V with respectively 
10, 100 and 1000 pb- 1. In the Figure 2 the central one is a pedagogical plot of the dijet ratio 
versus the dijet mass for resonances of different spins, showing the dependence of the dijet ratio 
with respect to the spin of the resonance. In Figure 2 the righthand plot shows the dijet ratio 
fractional deviation versus dijet mass for resonances of different spin and cross section fixed to 
the q* cross section. There is a convincing signal for a 2 TeV resonance with a q* cross section in 
100 pb- 1 for all resonance spins considered. We expect that with sufficient luminosity the dijet 
ratio can be used to measure the resonance spin. Furthermore the dijet ratio· has the advantage 
to reduce the systematic uncertainties due to the nature of the quantity itself measured: a ratio. 
In addition, it is worth to notice that all the analysis techniques above mentioned will in the 
beginning have challenging detector and analysis issues to confront with. Detector noise, cosmic 
ray air showers and beam halo produce large missing transverse energy. A cut on the ratio 
MET /L.Er will be applied in order to filter out most of this unphysical background. 
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Figure 2: Lefthand plot: Dijct ratio fractional difference from the QCD background of a CI for 3 different A 
scales (solid, dashed and dotted lines) and 100 pb- 1 of integrated luminosity compared to the QCD statistical 
error (vertical ha'")· Central plot: Dijet ratio versus dijet. ma.«.~ for resonances of different spins. Right.hand plot: 
Dijet ratio fractional difference versus dijet mass for resonances of different spins and cross section fixed to the 

q• cross section (solid line) compared to the QCD statistical error (vertical bars) for 100 pb- 1
• 

3 ATLAS's dijet searches for NP 

To characterize the excess at high PT produced by a CI in the inclusive jet distribution, ATLAS 
uses the ratio between the number of jet having ET above a certain threshold and those having 
it below: 

R(A) = N(Er > ~) 
N(Er < E.'f) (1) 

Similarly it does in dijet. angular distribution defining a variable related to the pseudorapidity 
of the two leading jets: 

= TJ1-T/2. R (A)= N(x < Xo) 
x e , x N(x > XO) (2) 

In both cases the threshold is optimized (E~ = 1100 GeV and x0 = 2.8) and a variable to 
estimate the significance of the deviation from the Standard Model is given: 

R _ _ R(A) - R(SM) . R _ Rx.(A) - Rx.(SM) 
dist - V 2 2 ' 1 - V 2 2 

<J' R(A) + <J' R(SM)<J' Rx(A) + <J' Rx(Sl\f) 

(3) 

A detailed study on the inclusive jet PT distribution for 30 fb-l has shown that 1% uncertainty 
in the energy scale can hide a CI of scale A = 20 TeV. In the table 1 is shown that Cl's of A 
= 3, 5 and 10 TeV might be ruled out or verified with first tens of pb- 1. A first attempt to 
study PDF uncertainties with CTEQ6M based on NLO calculation and data fitted to DIS has 
shown a systematic error due to PDF uncertainties such as <J' Rd;,, (PDF) = 1.40. The error is 
comparable with the size of the significance for the 40 TeV scale CI, therefore the discovery of 
a CI of this A scale is still unclear. 

In the angular distribution searches ATLAS makes use of a jet PT cut of 350 GeV, optimized 
on the significance, and a A dependent cut on the dijet mass. The most recent result on the 
angular distribution from ATLAS are shown in the table 1. Also in this case discovery limits 
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Tahle 1: R values for t:. = 300 lb · 1 aucl t:. values to aduew R = 3 

A (TeV) 3 5 10 20 10 
Rt1ist 794 427 44 12 I 3.4 

R1 2500 665 62 8.9 2.5 
.C(Rdisd 4.3 pb- 1 15 pb- 1 1.4 fb- 1 19 fb- 1 234 pb- 1 

.C(R1) < 1 pb- 1 6 pb- 1 0.7 fh- 1 34 fu- 1 426 pb-T 

are presented and also in this case discovery of a CI of a A scale of 40 Te V is still unclear. The 
systematic error due to PDF uncertainties is of the order of the significance: a Ri (PDF) = 0.88 
and R1 (A = 40 TeV, 30 fb- 1) = 0.80. It is anyway preliminary to :say anything concerning the 
po88ibility of discovery of a CI having A = 40 TcV. 

4 Conclusions 

For CMS the inclusive jet PT analysis gives a convincing signal for a CI of scale A = 3 TeV 
in 10 pb-1. The rate versus dijet mass analysis give.'l a convincing signal for a 2 TeV q* wit.h 
100 pb-1. With the dijet ratio technique CMS can discover or confirm a dijet resonance and 
eventually measure its spin. For ATLAS Cl's of scale A = 3, 5 and 10 TeV might be discovered 
or ruled out with first terns of pb-1 of good data. A = 20 TeV :should be visible with larger 
integrated luminosity. Discovery of A = 40 TeV CI is still unclear. Where comparable ATLAS 
and CMS have the :same potential of discovery. 
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