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A bstract. CM S will use difts to search for physics beyond the standard m odel
during early LHC running. T he inclusive et cross section as a function of gt transverse
mom entum , with 10 pb ! of Integrated um inosity, is sensitive to contact interactions
beyond the reach of the Tevatron. T hediptm assdistrbution w illbe used to search for
dipt resonances com ing from new particles, for exam ple an excited quark. A dditional
sensitivity to the existence of contact interactions or dift resonances can be obtained
by com paring dift rates in tw o distinct pseudorapidity regions.
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The Large Hadron Collider at CERN w ill produce m any events w ith two energetic
Bts resulting from proton-proton collisions at P s = 14 TeV . These dift events result
from parton scattering, produced by the strong interaction of quarks (q) and gluons (g)
Inside the protons. T his paper discusses plans to use dijpts In the search for two signals
of new physics: contact interactions and resonances decaying into digts. Two m odels
of quark com positeness have been considered for this generic search. The rstmodel is
a contact interaction [1l]am ong left-handed quarks at an energy scale * in the process
g ! gg,modeled with the e ective Lagrangian L g = ( 2 = Z)QL . )@, o )wih
+ chosen for the sign. T he second is a m odel of an excited quark (g*) 2]in the process
g ! g ! qgg,detectable as a digt resonance. A 1l processes presented here have been
simulated using PY TH IA version 6.4 [3].

A detailed description of the Com pact M uon Solenoid (CM S) experin ent can be
found elsswhere [4,/5]. The CM S coordinate system has the origin at the center of the
detector, z-axis points along the beam direction toward the west, w ith the transverse
plane perpendicular to the beam . W e de ne  to be the azimuthal angle, to be
the polar angle and the psesudorapidity as =  In(tan[ =2]). The central feature of
the CM S apparatus is a superconducting solenoid, of 6 m intemal diam eter. W ithin
the eld volum e are the silicon pixel and strip tracker, and the barrel and endcap
calorineters (j j < 3): a crystal electrom agnetic calorineter (ECAL) and a brass-
scintillator hadronic calorineter (HCAL). Outside the eld volme, In the forward
region, there is an iron-quartz ber hadronic calorineter (3 < j j< 5). The HCAL
and ECAL cells are grouped into towers, pro gcting radially outward from the origin,
for triggering purposes and to facilitate the gt reconstruction. In the region j j< 1:74
these proctive calorin eter towers have segm entation = = 0087, and the
and width progressively increases at higher values of . The energy in the HCAL
and ECAL w ithin each profctive tower issumm ed to nd the calorin eter tow er energy.
Towers with j j< 13 contain only cells from the barrel calorim eters, towers in the
transition region 13 < j j< 135 contain a m xture of barrel and endcap cells, and
towers In the region 15 < j j< 30 contain only cells from the endcap calorim eters.

Jets are reconstructed using both the iterative and m dpoint cone algorithm s 3],
w ith indistinguishable results for this analysis. Below we will discuss three types of
Ets: reconstructed, corrected and generated. The reconstructed gt energy, E, is
ge ned as the scalar sum of the calorin eter tower energies inside a cone of radius

( )2+ ( )2 = 05, centere% on the Pt axis. The $t momentum , p, is the
corresponding vector sum : p = EQ; with @; being the unit vector pointing from

the origin to the energy deposition E; inside the cone. The gt transverse m om entum ,
Pr, is the com ponent of p In the transverse plane. The E and p of a reconstructed
Bt are then corrected for the non-linear response of the calorim eter to a generated gt.
G enerated fts com e from applying the sam e £t algorithm to the Lorentz vectors of
stable generated particles before detector sin ulation. O n average, the pr of a corrected
gt isequalto thepr of the corresponding generated Et. T he corrections estim ated from

a GEANT [0] sinulation of the CM S detector increase the average £t pr by roughly
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50% (10% ) for 70 GeVv (3 TeV ) Fts in the region j j< 1:3. The applied corrections
depend on £t aswellaspr . The $t measuram ents presented here are w ithin the
region j j< 13, where the sensitivity to new physics is expected to be the highest, and
w here the reconstructed $t response variations as a function of are both m oderate
and sn ooth. Further details on gt reconstruction and gt energy corrections can be
found elsew here [5,[7].

Thedipt systam iscom posed of the T&IO etsw ith thehighestpr in an event (leading
Fts),and thediptmassisgivenbym = (E;1+ E,)? (o1 + )?. The estin ated dijpt
m ass resolution varies from 9% atadiptmassof 0.7 TeV to 45% at5 Tev.

CM S will record events that pass a rst level trigger followed by a high level
trigger. For an instantaneous lim inosity of 10°2 an s !, we consider three event
sam ples collected by requiring at least one gt in the high level trigger w ith corrected
transverse energy above 60, 120 and 250 G €V , prescaled by factors of 2000, 40 and 1,
respectively. For an integrated lum inosity of 100 pb !, the three event sam ples will
e ectively correspond to 0.05,2.5,and 100 pb . The rst event sam ple willbe used to
m easure the trigger e ciency of the second sam ple. T he second and third event sam ples
w ill be used to study difts of m ass above 330 and 670 G €V , regoectively, for which the
trigger e clencies are expected to be higher than 99% [I8].

Backgrounds from cosn ic rays, beam halo, and detector noise are expected to

occasionally produce events w EJ;rh large or unb%]anced energy depositions. Tphey will
be rem oved by requiring Br= Er < 03 and E; < 14 TeV,whereB;: ( Ep) is
the m agnitude of the vector (scalar) sum of the transverse energies m easured by all
calorin eter towers In the event. T his cut is estim ated to bem ore than 99% e cient for

both QCD Jt events and the signals of new physics considered. Tn the high pr region
relevant for this search, Ft reconstruction is fully e cient.

CM S plans to search for contact interactions using the gt pr distribution. Figure[d
show s sin ulations of the inclusive gt di erential cross section as a function of pr , for
ptswih j j< 1. Considering st theQCD processes, the reconstructed and corrected
quantities are com pared w ith the Q CD prediction for generated fts. A fter corrections,
the reconstructed and generated distrdbutions agree. T he ratio of the corrected £t cross
section to the generated Pt cross section varies between 12 atpr = 100 G&V and 1.05
atpr = 500 G &V, ram aining roughly constant for higher pr . T he deviation of this ratio
from 1 is attributed to the an earing e ect of the gt pr resolution on the steeply f2lling
gpectrum . The m easured spectrum in data could be further corrected for resolution
an earing, and this ratio from sinulation is an estin ate of the size of that correction.
T hem easuram ent uncertainties are predom inantly system atic. T he inset in Fig.[l show s
the e ect on the ®t rate of a 10% uncertainty in the $t energy correction. Fi.[d also
show s the e ect of this uncertainty on a lowest order QCD calculation. This level of
Bt energy uncertainty could be expected in early running, for an integrated lum inosity
around 10 pb !. T his experin ental uncertainty is roughly an order of m agnitude larger
than the uncertainties from parton distrilbutions, as estim ated using CTEQ 6.1 ts [9]
and shown in Fig.[d. Figures[ll and [2 show that the e ect of new physics from a contact
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interaction with scale * = 3 TeV is convincingly above what could be expected for
m easurem ent uncertainties with only 10 pb '. For com parison, a Tevatron search has
excluded contact interactions with scales * below 2.7 TeVv [10]. The results of the
low est order calculations in Fig.[2 are the sam e as the sim ulation results in the nset to
Fi.[.

CM S plans to search for narrow difgt resonances using the difgt m ass distribution.
Figure[3 show s the di erential cross section versus dift m ass, w here both leading Fts
have j j< 1,and them assbins have a w idth roughly equal to the difet m ass resolution.
Considering rst the Q CD processes, the cross section for corrected ts agreesw ith the
QCD prediction from generated gts. To determm ine the background shape either the
M onte Carlo prediction or a param eterized t to the data can be used. The inset to
Fiy.[3 show s a sin ulation of narrow dijt resonances w ith a g* production cross section.
Forg*masses of 0:7,2:0 and 5:0 TeV the cross sections for £t j j< 1 are 795,901 and
0:0182 pb, respectively. This is com pared to the statistical uncertainties in the QCD
prediction, including trigger prescaling. T his com parison show s that w ith an integrated
lum inosity of 100 pb ! a g* dift resonance with a mass of 2 TeV would produce a
convincing signal above the statistical uncertainties from the QCD background. For
com parison, a Tevatron search has excluded g* dipt resonances w ith m ass, M , below
087 TeVv [11]. The heaviest dijft resonances that CM S can discover (at ve standard
deviations) with 100 pb ! of integrated lum inosity, using this search technique and
Including the expected system atic uncertainties [12,113], are: 25 TeV forg*, 22 TeV
for axiglions [14] or colorons [15], 2.0 TeV for E¢ diquarks [16],and 1.5 TeV for color
octet technirhos [17]. Studiesofthe £t cuthave concluded that the optin alsensitivity
to new physics Isachieved with j j< 13 fora 2 TeV spin 1 dift resonance decaying to
aq L8]

CM S plans to search for both contact interactions and digt resonances using the
diptratio,r= N (j j< 07)=N (0:7< j j< 13),where N is the num ber of events w ith
both fts in the speci ed j jregion. The dift ratio is sensitive to the dipt angular
distribbution. For the QCD processes, the digt ratio is the sam e for corrected Fts
and generated Fts, and is constant at r = 05 for dipt masses up to 6 TeVv [18].
F igure[4 show s the dijet ratio from contact interactions and dift resonances, com pared
to the expected statistical uncertainty on the Q CD processes, ©Hr 100 pb ! of integrated
um inosity, Including trigger prescaling. T he signal from a contact interaction w ith scale

" = 5TeV riseswellabove the QCD statistical errors at high diftm ass. Systam atic
uncertainties in the dipt ratio are expected to be an all, since they predom inantly cancel
n the ratio as previously reported [12,119]. U sing the dift ratio, CM S can discover a
contact Interaction at scale * = 4,7 and 10 TeV w ith integrated um nosities of 10,
100, and 1000 pb !, respectively [18]. The signal from a 2 TeV spin 1/2 g* produces
a convincing peak in the digt ratio, because it has a signi cant rate and a relatively
isotropic angular distribution com pared to the QCD t<hannel processes. Fixing the
cross section of the 2 TeV digt resonance for j j< 13 at 136 pb (from the g* m odel),
the dift ratio in the presence of Q CD background increases by approxin ately 6% when
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considering a spin 2 resonance decaying to both gg and gg (such as a R andall-Sundrum
graviton [20]), and the dipt ratio decreases by approxin ately 4% when considering a
spin 1 resonance decaying to g (such as a Z° axiglion, or coloron) [18]. Hence, the
sensitivity to a 2 TeV digt resonance depends only weakly on the spin of the resonance.
To m easure the spin, we need both the digt ratio and an independent m easurem ent of
the cross section of the resonance, for exam ple, from the dift m ass di erential cross
section. N evertheless, w ith su cient um inosity, this sin plem easure of thedigt angular
distribution, or a m ore com plete evaluation of the angular distribution, can be used to
see these an all variations and infer the spin of an observed dift resonance.

In conclusion, CM S plans to use m easuram ents of rate as a function of gt pr and
diptm ass,aswellasa ratio ofdift rates In di erent  regions, to search fornew physics
In the data sam ple collected during early LHC running. W ith integrated lum inosity
sam ples In the range 10{100 pb !, CM S will be sensitive to contact interactions and
digt resonances beyond those currently excluded by the Tevatron.
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Figure 1. The inclusive gt pr di erential cross section expected from QCD for
jj< 1, for generated Pts (points), reconstructed Fts (triangles), and corrected Pts
(open circles). T he inset show s the num ber of generated Fts expected In 50 G &V bins
foran integrated Iim inosity of10 pb *. The standard Q CD curve (solid) ism odi ed by
a signalfrom contact interactionsw ith scale * = 3 TeV (dotted) and 5 TeV (dashed).
T he shaded band represents the e ect ofa 10% uncertainty on the gt energy scale.
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Figure 2. The fractional di erence from the QCD Ft rate resulting from a 10%

uncertainty on the gt energy scale (dashed), uncertainties in parton distributions
(dotted), and signals from contact interactions with scale * = 3 TeV (boxes) and

* = 5TeV (triangles). Statistical uncertainties expected for an integrated um inosity
of 10 pb ! (verticalbars) are shown on the QCD prediction (points).
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Figure 3. Thediptm assdi erentialcross section expected from Q CD forj j< 1 from
generated ts (points), reconstructed gts (triangles), and corrected ts (open boxes).
T he inset show s dift resonances reconstructed using corrected Fts, com ing from g*
signals [L3]ofmass 0:7,2,and 5 TeV . The fractionaldi erence (histogram ) between
the g* signaland the Q CD background is com pared to the statistical uncertainties in
the QCD prediction (verticalbars) for an integrated lum inosity of 100 pb *.
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Dijet Ratio = N([n|<0.7) / N(0.7<m|<1.3)
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Figure 4. The dift ratio for corrected Fts expected from QCD (horizontal line),
w ith statistical uncertainties (verticalbars) for an integrated lum inosity of 100 pb !,
is com pared to QCD + contact interaction signalswith a scale © = 5 TeV (dashed)
and 10 TeV (dotted),aswellasto QCD + dijt resonance signals (histogram ) w ith g*
massesof 0.7 and 2 TeV .



