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Motivation
• We study the inclusive dijet final state using the complementary 

dijet mass spectrum and dijet centrality ratio.
• These provide a test of QCD and sensitivity to new physics.

Mass Spectrum Centrality Ratio

Test of cross section vs. 
dijet mass predictions 
from QCD and PDFs.

Test of QCD predictions 
for angular part of 
dynamics.

Most sensitive “bump” 
hunt for particles 
decaying to dijets.

Less sensitive to dijet 
resonances, but 
important confirmation 
that “bump” is real.

Because of experimental 
uncertainties, mass 
spectrum is less sensitive 
to quark compositeness.

Sensitive search for 
quark compositeness.

Motivation

• We search for quark contact interactions and  dijet resonances (s-channel):
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The Dijet Centrality Ratio
• Quantifies the centrality of the 

dijet angular distribution at a 
given dijet mass.

• Many systematic uncertainties 
cancel in the ratio.

• Roughly flat vs. dijet mass for 
“t-channel” QCD.

• Rises vs. dijet mass for quark 
contact interactions.

• Bumps in dijet mass for 
“s-channel” dijet resonances.

R =
N(|η| < 0.7)

N(0.7 < |η| < 1.3)
=

N(inner)
N(outer)

Both jets inner or outer.*

*

Cartoon : No Data
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CMS Detector

~76k scintillating PbWO4 crystals

Silicon strips
  ~16m2   ~137k channels

~13000 tonnes

MUON CHAMBERS 
Barrel:   250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

STEEL RETURN YOKE 

HADRON CALORIMETER (HCAL)
Brass + plastic scintillator
~7k channels

SILICON TRACKER

FORWARD
CALORIMETER 

PRESHOWER

SUPERCONDUCTING
SOLENOID 

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)

Total weight 
Overall diameter 
Overall length
Magnetic field

: 14000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

Niobium-titanium coil
carrying ~18000 A

Pixels (100 x 150 m2)
  ~1m2      ~66M channels
Microstrips (80-180 m)
  ~200m2   ~9.6M channels

Steel + quartz fibres
~2k channels

CMS Detector
Pixels
Tracker
ECAL
HCAL
Solenoid
Steel Yoke
Muons
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Jet Reconstruction
• Jets are 

reconstructed 
from energy 
deposits in the 
hadronic and 
electromagnetic 
calorimeters.

• Anti-kT clustering algorithm with distance parameter = 0.7.
• Jet energy corrections are determined with MC, and verified with data.

• Preliminary studies of photon+jet and single particle response indicate 
that uncertainty on jet energy scale is less than 10%.

• Jet energy resolution in data and MC agree. 

• Dijet ratio analysis requires |η| < 1.3 for both jets.

CMS Calorimeters

Chapter 4

Electromagnetic Calorimeter

4.1 Description of the ECAL
In this section, the layout, the crystals and the photodetectors of the Electromagnetic Calor-

imeter (ECAL) are described. The section ends with a description of the preshower detector

which sits in front of the endcap crystals. Two important changes have occurred to the ge-

ometry and configuration since the ECAL TDR [5]. In the endcap the basic mechanical unit,

the “supercrystal,” which was originally envisaged to hold 6×6 crystals, is now a 5×5 unit.

The lateral dimensions of the endcap crystals have been increased such that the supercrystal

remains little changed in size. This choice took advantage of the crystal producer’s abil-

ity to produce larger crystals, to reduce the channel count. Secondly, the option of a barrel

preshower detector, envisaged for high-luminosity running only, has been dropped. This

simplification allows more space to the tracker, but requires that the longitudinal vertices of

H → γγ events be found with the reconstructed charged particle tracks in the event.

4.1.1 The ECAL layout and geometry

The nominal geometry of the ECAL (the engineering specification) is simulated in detail in

the GEANT4/OSCAR model. There are 36 identical supermodules, 18 in each half barrel, each

covering 20◦ in φ. The barrel is closed at each end by an endcap. In front of most of the

fiducial region of each endcap is a preshower device. Figure 4.1 shows a transverse section

through ECAL.

y

z

Preshower (ES)

Barrel ECAL (EB)

Endcap

 = 1.653

 = 1.479

 = 2.6
 = 3.0

ECAL (EE)

Figure 4.1: Transverse section through the ECAL, showing geometrical configuration.
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Barrel

Endcap

η = 1.305

η = 1.479

η = 2.5

• Dijet mass analysis requires |η| < 2.5 for both jets and |η1 - η2| < 1.3.

5Tuesday, August 24, 2010



7

Dijet Mass (GeV)
100 200 300 400 500 600

Tr
ig

ge
r E

ffi
ci

en
cy

0

0.2

0.4

0.6

0.8

1
CMS Preliminary

-1L=836 nb

 = 7 TeVs 

 R = 0.7 CaloJetsTanti-k

=220 GeVjjM

Figure 1: Trigger efficiency as a function of dijet mass for events with the two leading jets
satisfying |∆η| < 1.3 and |η| < 2.5.
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Figure 2: Left) Missing calorimeter ET divided by total calorimeter ET. Right) The phi differ-
ence of the two leading jets.

Dijet Topology

• ~116,000 events in 836 nb-1 for dijet mass analysis; 
~11,000 events in 120 nb-1 for dijet ratio analysis.
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• Low MET/∑ET  (non-zero due to finite jet resolution) consistent with real jets.

• Jets are back-to-back in Φ.
• unphysical backgrounds would appear at MET/∑ET near 1.

• Events with low ∆Φ are real multijet events.
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• Events are well balanced, as expected from dijet topology.
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10 6 Conclusion

Figure 5: Three highest mass dijet events. Lego display of calorimeter energies in η–φ coordi-
nates (left) and in the transverse r–φ plane (right).

Highest Dijet Mass Event

EXO-10-010
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Dijet Mass Spectra in Data
• Data are in good agreement 

with PYTHIA6 + CMS simulation.

• Spectrum extends to 1.9 TeV 
(past Tevatron reach of 1.3 TeV).

• Dijet ratio inputs are # of inner/outer 
events vs. dijet mass in 120 nb-1.

• Spectra extend to 2.1 TeV without 
requirement on |η1-η2|.
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Dijet Centrality Ratio in Data

• Data prefer NLO + non-
perturbative corrections 
(p-value = 0.8).

• Compare data to:
• NLO
• NLO + non-perturbative 

corrections * 
• Pythia
• Pythia × NLO/LO k-factor.

• The experimental systematic 
uncertainty is ~0.02 and < the 
stat. uncertainty on 1st data point.

• “NLO Uncertainty” includes PDF, 
scale, and non-perturbative 
correction uncertainties.

Corrections for hadronization & multiple 
parton interactions.

*

EXO-10-002
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Dijet Resonance Models
• Parton resonances 

decaying to dijets 
are predicted by 
various models:

• Recent model: string resonances.
ICHEP 2010, Paris                                               Konstantinos Kousouris 

Specific Dijet Resonance Models

4

FIG. 1: Left panel: dσ/dM (units of fb/GeV) vs. M (TeV) is plotted for the case of SM QCD

background (dashed line) and (first resonance) string signal + background (solid line). The dot-
dashed lines indicate the different contributions to the string signal (gg → gg, gg → qq̄, qg → qg,
and qq̄ → gg). Right panel: pp → dijet signal-to-noise ratio for three integrated luminosities. For

comparison, we also show the signal-to-noise of pp → γ + jet, for κ2 " 0.02, see Ref. [1].

(S/N = 592/36 > 13). The bottom curve, corresponding to data collected in a very early
run of 100 pb−1, shows that a resonant mass as large as 4.0 TeV can be observed with
10σ significance! Once more, we stress that these results contain no unknown parameters.
They depend only on the D-brane construct for the standard model, and are independent of
compactification details.

For comparison with our previous analysis, we also show in Fig. 1 a fourth curve, for
the process pp → γ+ jet. (In what follows, γ refers to an isolated gamma ray.) In Ref. [2]
a cut (pγT > 300 GeV) was selected for discovery of new physics. As far as the signal is
concerned, this cut is largely equivalent to selecting on γ-jet invariant masses in the 2-5 TeV
range, with cuts on photon and jet rapidities |y1|, |y2| < 2.4 [11]. However, for Ms > 2 TeV
the background is greatly reduced with the dijet mass method used here, resulting in an
extension of the discovery reach, up to about 5 TeV [12]. The signal used to obtain the
results displayed in Fig. 1 includes the parton subprocesses gg → gγ (which does not exist
at tree level in QCD, and which was the only subprocess evaluated in [1, 2]), qg → qγ,
q̄g → q̄γ, and qq̄ → gγ. All except the first have been calculated in QCD and constitute the
standard model background. The projection of the photon onto the C gauge boson was also
effected in the last-cited references. Although the discovery reach is not as high as that for
dijets, the measurement of pp → γ + jet can potentially provide an interesting corroboration
for the stringy origin for new physics manifest as a resonant structure in LHC data.

We now turn to the analysis of the angular distributions. QCD parton-parton cross sec-
tions are dominated by t-channel exchanges that produce dijet angular distributions which
peak at small center of mass scattering angles. In contrast, non–standard contact interac-
tions or excitations of resonances result in a more isotropic distribution. In terms of rapidity

5
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Figure 3: Expected signal shapes of dijet mass resonances for qq̄ (qq), qg and gg resonances
of mass 0.7 TeV as predicted from PYTHIA v6 Monte Carlo propagated through the full CMS
detector simulation and jet reconstruction.

Model Name X Color JP Γ/(2M) Final-state Partons
String S mixed mixed 0.003-0.037 qq̄, qq, gg and qg

Axigluon A Octet 1+ 0.05 qq̄
Coloron C Octet 1− 0.05 qq̄

Excited Quark q* Triplet 1/2+ 0.02 qg
E6 Diquark D Triplet 0+ 0.004 qq

RS Graviton G Singlet 2+ 0.01 qq̄ , gg
Heavy W W’ Singlet 1− 0.01 qq̄
Heavy Z Z’ Singlet 1− 0.01 qq̄

Table 1: Properties of Specific Dijet Resonance Models.

! Parton resonances decaying to dijets are predicted 
by various theory models:
‣ Axigluons 
‣ Colorons 
‣ Excited Quarks 
‣ E6 Diquarks 
‣ Randal-Sundrum Gravitons
‣ New vector bosons (Z’, W’)

! Recent theoretical development: String Resonances
‣ Regge excitations of quarks and gluons
‣ Much higher cross-section than excited quark 
models by a factor ~25 (due to color, spin and 
chirality effects)

String resonances would 
produce a spectacular 

“bump” in the dijet invariant 
mass spectrum
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Table 1: Properties of Specific Dijet Resonance Models.

! Parton resonances decaying to dijets are predicted 
by various theory models:
‣ Axigluons 
‣ Colorons 
‣ Excited Quarks 
‣ E6 Diquarks 
‣ Randal-Sundrum Gravitons
‣ New vector bosons (Z’, W’)

! Recent theoretical development: String Resonances
‣ Regge excitations of quarks and gluons
‣ Much higher cross-section than excited quark 
models by a factor ~25 (due to color, spin and 
chirality effects)

String resonances would 
produce a spectacular 

“bump” in the dijet invariant 
mass spectrum

• Regge excitation of quarks and gluons.

• Cross section higher than excited quark 
models by factor 25 (due to color, spin, 
chirality effects).

• String resonances would produce a 
dramatic bump in the mass spectrum.

arXiv:0808.0497 • See “Strings at the LHC,” S. Stieberger, 
Monday, 23 Aug.
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Smooth Fit of the Mass Spectrum
• Good fit (χ2/ndof = 26/25) with 

4 parameter function: 

• No indication of new physics.

• String resonances have largest 
cross section and most search 
sensitivity.
• Followed by excited quarks.
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Model-Independent Cross Section Limits
• We obtain generic cross section limits 

on qq, qg, and gg resonances.

• Statistical method is Bayesian-inspired:
• Likelihood from per bin Poisson 

probabilities in # of bkg. events 
and signal cross section σ.

• Assuming uniform prior for 
cross section, normalized 

     L(σ) = posterior PDF(σ).

• Integrate PDF(σ) to obtain limit on σ.

• Compare limits with predicted cross sections for 7 resonance 
models to obtain 95% C.L. lower mass limits:

Mass Limits 
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Resonance Mass Limits

Lower Mass 
Limits [TeV]

CMS
observed
(836/nb)

CMS
expected
(836/nb)

CDF [1]
(1.13/fb)

ATLAS [2]
observed 
(315/nb)

ATLAS [2]
expected 
(315/nb)

String

Excited 
Quark

Axigluon/
Coloron

E6 Diquark

2.10 2.10 1.4 - -

1.14 1.10 0.87 1.20 0.98

1.06 0.98 1.25 - -

0.58 0.54 0.63 - -

✝

*

✝CMS expected limit with 315 nb-1 is 0.93 TeV.
*CMS evaluation of string resonance cross section.

• All results use CTEQ6L1 parton distribution functions.

[2] ATLAS Collaboration, “Search for New Particles in Two-Jet Final States in 7 TeV 
Proton-Proton Collisions with the ATLAS Detector at the LHC”, 

[1] CDF Collaboration, “Search for new particles decaying into dijets in proton- antiproton 
collisions at sqrt(s) = 1.96 TeV”, Phys. Rev. D79 (2009) 112002;  arXiv:0812.4036.
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New Physics Search with Dijet Ratio
• Set limits with CLS method; test 

statistic is log likelihood ratio for 
SM and SM+signal hypotheses.

• Comparison of data, QCD, contact 
interaction, q* models show no 
sign of new physics.
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• We exclude Λ<1.9 TeV at 95% C.L.
• Tevatron exclusion is Λ<2.8 TeV.
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• We expect to surpass 
Tevatron limit of Λ>2.8 TeV 
at 95% C.L. with 4 pb-1.
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! Expected limits indicate that we should reach the Tevatron q* limit of 870 GeV 
with 400 nb-1.
! The Tevatron limit of Λ > 2.8 TeV (D0, 1fb-1) is expected to be surpassed with 4 pb-1.
! CMS is now exploring new territory, beyond the Tevatron String Resonance limit.

Expected resonance mass limits 
from dijet spectrum

Expected contact interaction scale 
limits from dijet centrality ratio

• CMS is exploring new territory 
beyond the Tevatron string and 
q* resonance mass limits.

• Conservative expectations for 95% C.L. limits as function of integrated 
luminosity:

CMS-2010-008CMS-2010-008

15Tuesday, August 24, 2010

http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
http://livepage.apple.com/
http://livepage.apple.com/
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
http://livepage.apple.com/
http://livepage.apple.com/


Summary
• The dijet mass spectrum extends to 1.9 TeV with 836 nb-1 for |η1,2|<2.5.

• The dijet mass spectrum is in good agreement with QCD from 
PYTHIA + full CMS simulation.

• The dijet centrality ratio is in good agreement with QCD from 
NLO calculations + non-perturbative corrections.

New Physics
Model

95% C.L. Limit
[TeV]

Integrated 
Luminosity

[nb-1]
String Resonance

Excited Quark
Axigluon/Coloron

E6 Diquark
Contact Interaction

M > 2.10 836
M > 1.14 836
M > 1.06 836
M > 0.58 836
Λ > 1.9 120

• We have used the data to set limits on the presence of new 
physics from five models:
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Model-Independent Lineshapes
• Resonance shapes from PYTHIA

+CMS simulation.

• Shape depends on parton 
content mostly because of FSR.

• Gluons radiate more than 
quarks, broadening the shape.

• Gaussian core of dijet mass 
resolution for qg resonances 
varies from 11% at 0.5 TeV to 
6% at 2.5 TeV.

• We search for these 3 generic types of 
narrow dijet resonances in the data.

Dijet Mass (GeV)
400 600 800 1000 1200 1400 1600

Pr
ob

ab
ilit

y

0

0.05

0.1

0.15

0.2

0.25

gluon-gluon

quark-gluon

quark-quark

q* Resonance Shape

CMS Simulation

 = 1.2 TeVResM

| < 1.3! "| < 2.5 , |!|
EXO-10-010

19Tuesday, August 24, 2010

http://cdsweb.cern.ch/search?cc=CMS&ln=en&p=reportnumber%253AEXO+6531_a%253AData&f=&action_search=Search&c=CMS+Physics+Analysis+Summaries&c=&sf=&so=d&rm=&rg=10&sc=1&of=hb
http://cdsweb.cern.ch/search?cc=CMS&ln=en&p=reportnumber%253AEXO+6531_a%253AData&f=&action_search=Search&c=CMS+Physics+Analysis+Summaries&c=&sf=&so=d&rm=&rg=10&sc=1&of=hb
http://livepage.apple.com/
http://livepage.apple.com/


Jet Energy Scale

• Preliminary in situ measurement of single particle response indicates data/
MC agreement better than 3% in barrel.

• Preliminary measurement of jet energy response (photon+jet, MPF method) 
shows good data/MC agreement.

• Direct measurement of the relative jet energy scale with dijet pT balance 
shows that the uncertainty of the relative scale across η is less than 2%.

4.2 In-situ jet energy calibration 17
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Figure 15: MPF response in data and MC for calorimeter (top-left), JPT (top-right) and PFlow
(bottom) jets. MC truth response is also shown. Data/MC ratio and the one-parameter linear
fit function is shown at the bottom of the plots, together with ±5% and±10% lines.

12 4 Jet Energy Calibration

 |!| 
0 1 2 3 4 5

D
a

ta
 /

 S
im

u
la

ti
o

n

0.8

1

1.2

1.4
Corrected CaloJets

CMS Preliminary

 < 60 GeV
cor

T
37 < dijet p

 < 75 GeV
cor

T
60 < dijet p

 < 120 GeV
cor

T
75 < dijet p

 < 150 GeV
cor

T
120 < dijet p

Uncertainty

 |!| 
0 1 2 3 4 5

D
a

ta
 /

 S
im

u
la

ti
o

n

0.8

1

1.2

1.4
Corrected JPTJets

CMS Preliminary

 < 62 GeV
cor

T
39 < dijet p

 < 75 GeV
cor

T
62 < dijet p

 < 120 GeV
cor

T
75 < dijet p

 < 150 GeV
cor

T
120 < dijet p

Uncertainty

 |!| 
0 1 2 3 4 5

D
a

ta
 /

 S
im

u
la

ti
o

n

0.8

1

1.2

1.4
Corrected PFJets

CMS Preliminary

 < 68 GeV
cor

T
43 < dijet p

 < 85 GeV
cor

T
68 < dijet p

 < 120 GeV
cor

T
85 < dijet p

 < 150 GeV
cor

T
120 < dijet p

Uncertainty

Figure 9: Data/MC ratio for the relative response obtained from the dijet pT balance method
for calorimeter (top left), JPT (top right) and PFlow (bottom) jets. The jets in data and MC are
corrected for MC-truth JEC. The ± 2%|η| band is overlaid. The few outlying points with large
error bars are due to limited statistics in low-pT Monte Carlo samples.
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Figure 10: Data/MC ratio for the relative response obtained from the dijet pT balance method
for calorimeter (top left), JPT (top right) and PFlow (bottom) jets. The jets in MC are corrected
for MC-truth JEC, whereas jets in data are corrected for MC-truth JEC plus the residual correc-
tion discussed in the text. The ± 2%|η| band is overlaid. The few outlying points with large
error bars are due to limited statistics in low-pT Monte Carlo samples.

Based on these observations, CMS uses ± 2%|η| uncertainty on the relative JEC for physics
analyses using either nominal MC-truth JEC or MC-truth JEC supplemented by the residual
correction. In the latter case, uncertainty of ± 2%|η| is clearly a conservative estimate, as
suggested by Figure 10.

4.2.3 Absolute response measurements from photon+jet events

The CMS calorimeter energy response to a particle level jet is smaller than unity and varies as
a function of jet pT. The purpose of the absolute jet energy correction is to remove these varia-
tions and make the response equal to unity at all pT values. When combined with the relative
correction and the offset correction, the absolute correction provides the complete correction
back to the particle jet level required for most CMS analyses.

To determine the absolute jet energy corrections from collider data, we use γ+jet events, and
apply two different calibration procedures, called pT balancing and MPF (missing ET projection
fraction) methods, respectively. First we discuss and present results from the pT balancing
method which exploits the balance in the transverse plane between the photon and the recoiling
jet and uses the photon pT, that is accurately measured in the crystal ECAL calorimeter, as a
reference object. The technique was introduced by the Tevatron experiments [14, 15]. The
detailed feasibility study of the method for CMS is described in Reference [18].
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Figure 3: Mean response measurements as a function of the track momentum in the three
different regions of the calorimeter. The Monte Carlo simulation predictions are compared with
the data. The three columns refer to the barrel (top), the endcap (middle) and the transition
(bottom) regions.
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• M. Cacciari, G. P. Salam, and G. Soyez, “The anti-kT jet clustering 
algorithm”, JHEP 0804:063 (2008);

Anti-kT Clustering Algorithm

• In family of sequential recombination algorithms:

• Soft-resilient boundaries yielding conical jets.

∆2
ij = (yi − yj)2 + (φi − φj)2

dij = min(k2p
Ti, k

2p
Tj)

∆2
ij

R2

diB = k2p
Ti

Distance b/w entities i and j.
Distance b/w entity i and beam.

• Define:

• Algorithm: If smallest d is dij, combine entities i/j; if smallest d is diB, 
call i a jet and remove from list of entities.  Repeat until no entities left.

• kT  p=1, Cambridge/Aachen p=0, anti-kT p=-1.

• Infrared and collinear safe.

arXiv:0802.1189
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Systematic Uncertainties : Spectrum
• Posterior probabilities are convolved with Gaussian of width equal to 

systematic uncertainty -- conservative approach.

• Dominant source of 
uncertainty is jet energy 
scale.

• Systematic uncertainties 
increase cross section limits 
by 16-47% depending on 
resonance mass and parton 
content.
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Systematic Uncertainties : Dijet Ratio
• Included in limit setting with Cousins-Highland method.

• Uncertainties are represented by nuisance parameters which 
affect the number of inner and outer events in pseudodatasets.

• Dominant sources of uncertainty are circled in red.

5

Table 1: Systematic uncertainties related to the experimental measurement of the dijet uncer-

tainty ratio (detector uncertainties) and to the models used in the setting limits for NLO QCD

and contact interactions (model uncertainties).

Source of NLO QCD Contact Interactions

Uncertainty (Units of Ratio) (%) (%)

Detector Uncertainty

Absolute JES 0.002 - 0.004 0.3 - 0.8 5 - 30

Relative JES 0.02 - 0.03 3.9 - 5.3 2

Other 0.01 2.0 −
Jet Energy Resolution 0.003 0.6 −
Total Detector 0.02 - 0.03 4.5 - 5.8 5 - 30

Model Uncertainty

Scale
+(0.014 - 0.023)
−(0.005 - 0.008)

+(2.7 - 4.4)
−(0.9 - 1.6) −

Offset 0.02 3.9 −
Fit 0.005 1.0 2 - 5

PDF 0.002 0.3 −
Total Model

+(0.024 - 0.030)
−(0.021 - 0.022)

+(4.8 - 5.9)
−(4.0 - 4.3) 2 - 5

Total
+(0.034 - 0.042)
−(0.031 - 0.037)

+(6.6 - 8.3)
−(6.1 - 7.2) 6 - 30

the scale of the new physics being probed. For comparison with other sources of uncertainty

we convert this 10% uncertainty on dijet mass into an uncertainty on the dijet ratio of 5 - 30%,

depending on dijet mass.

The sources of uncertainty with the greatest effect on the NLO QCD model are the renormal-

ization and factorization scales and the offset described above, with uncertainties of 3 - 4.5%

and 4%, respectively, depending on dijet mass.

We find that the data are consistent with the SM expectation, and so we use the data to deter-

mine 95% C.L. limits on the contact interaction scale. To quantify the agreement with the NLO

QCD expectation, we define a consistency statistic

C = ∑
bins

(Robs − RQCD)2

σ2
syst

+ σ2
stat

, (1)

where Robs is the observed dijet centrality ratio, RQCD is the NLO QCD expectation, σsyst is

the systematic uncertainty, and σstat is the statistical uncertainty per bin. (We neglect bin-to-

bin correlations among the systematic uncertainties, but we find that the effects of systematic

uncertainties on this statistic are small.) The p-value of the observed data with respect to the

expected distribution of the C statistic is 0.8, indicating good agreement with the QCD predic-

tion.

In Fig. 3 we show the interpolation of the limit. We showRLL for the data, the 95% CLs points,

and the SM expectation (with 1 and 2 σ bands) versus contact interaction scale Λ. The limit is

the point where the data line crosses the 95% CLs line; the expected limit is the point where the

SM expectation crosses the 95% CLs line. We exclude a contact interaction with scale Λ < 1.9

TeV at 95% C.L. Given the observed number of events (inner+outer) in each dijet mass bin, we

expect to exclude a contact interaction with scale Λ < 1.2 TeV and 1.4 < Λ < 1.5 TeV. With the

present data sample we cannot exclude the possiblity of an excited quark with a mass of 0.5
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Previous Highest Dijet Mass Event

ICHEP 2010, Paris                                               Konstantinos Kousouris 

Highest Dijet Mass Event

8• In EXO-10-001, we reported an event with dijet mass = 2.1 TeV.
• In the EXO-10-010 analysis, this event fails the |η1-η2|<1.3 requirement.

EXO-10-001
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ATLAS vs. CMS

4

TABLE I. The 95% CL lower limits on the allowed q∗ mass obtained using different PDF sets.

Observed Mass Limit [TeV] Expected Mass Limit [TeV]

MC Tune PDF Set Stat. ⊕ Syst. Stat. only Stat. ⊕ Syst.

MC09 [22] MRST2007 [20] 1.26 1.29 1.06

MC09′ a CTEQ6L1 [31] 1.20 1.23 0.99

Perugia0 [33] CTEQ5L [32] 1.22 1.25 1.00

a The MC09′ tune is identical to MC09 except for the pythia parameter PARP(82)= 2.1 and use of the CTEQ6L1 PDF set.
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FIG. 2. The 95% CL upper limit on σ ·A as a function of dijet
resonance mass (dots), including the effects of systematic un-
certainties. The red dotted curve shows the expected 95% CL
upper limit and the yellow band represents the 95% credibility
interval of the expected limit. The dashed curves represent
excited-quark σ · A predictions for different MC tunes, each
using a different PDF set.
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