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Overview

Dijet resonance search

Dijet search for contact interactions
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The LHC

Rough schedule:

pp collisions over.

About 1 month of lead 
(Pb) collisions.

Xmas break.

Upgrade for a couple of 
months (?)

More collisions to the end 
of 2011 (details uncertain).
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50  = 7 TeVs     ATLAS Online Luminosity
LHC Delivered
ATLAS Recorded

-1Total Delivered: 45.8 pb
-1Total Recorded: 42.1 pb
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The dijet resonance search
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The first 

LHC exotics 

result
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Related articles from LHC
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Collaboration Reference Integrated 
Luminosity

ATLAS Phys. Rev. Lett. 105, 161801 (2010) 0.31 pb-1

CMS CMS-PAS-EXO-10-010 0.84 pb-1

ATLAS ATLAS-CONF-2010-093 3.1 pb-1

CMS arXiv:1010.0203v1 [hep-ex] 2.9 pb-1

http://arxiv4.library.cornell.edu/abs/1010.0203v1
http://arxiv4.library.cornell.edu/abs/1010.0203v1


Georgios Choudalakis

Overview of
dijet resonance search

Select inclusive dijet events, and plot dijet mass distribution:

 

The background is obtained by fitting a smooth function☆:

 Search for discrepancies between data and background.

 If no discrepancy found, set limits on benchmark model: q*
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f(m) = p1
(1− m√

s
)p2

m√
s
(p3+p4·ln m√

s
)

☆CDF, Phys.Rev.D79:112002,2009

mjj =
�

(Ej1 + Ej2)2 − (�pj1 + �pj2)2
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Fit justification
using Monte Carlo

Excellent ability to fit 
SM QCD at √s = 7 TeV.

Same for PYTHIA, ALPGEN, 
NLOJET++, hadron-level, reco-
level...

Same for √s =1.96 TeV, 
shown by CDF.

By construction smooth, 
monotonic in the range used,
and goes to 0 at m=√s.

So, if it can’t fit the data, 
something is going on.
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Event Selection

✓Data quality

✓pTj1 > 80(150) GeV → trigger eff.
pTj2 > 30 GeV → reconstruction eff.

✓mjj > 200(350) GeV → no kin/tic bias
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✓Veto 0.1% of events, where 
there is a poorly measured 
jet of pT>15 GeV 
→ no pT-ordering doubts

✓|η|<2.5 and |Δη|<1.3

cut value

1.3



Georgios Choudalakis

3.1 pb-1

Data and background
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Agreement
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Array of statistical tests, from traditional KS and χ2 test, to more 
advanced ones, looking for resonances, tails, and overall shape 
discrepancy.

All 6 tests indicated that the data are consistent with the 
background-only hypothesis.

In 0.31 pb-1, all p-values were between 0.45 and 0.80. 
→ Perfectly consistent.

In 3.1 pb-1, the data were so well-fitted that the p-values were 
about 99%.
→ Multiple tests confirm this is just a coincidence.
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Back to setting limits...

N O T H I N G  F O U N D
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Limit setting
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Bayes’s theorem

95% quantile, 
without systematics

95% quantile, 
with systematics
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Systematic uncertainties

Jet energy scale

Jet energy resolution 

Luminosity 
(11%)

Fit parameters 
(3 to 30%, increasing with mjj)
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http://arxiv.org/abs/1009.5908v2
http://arxiv.org/abs/1009.5908v2
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Limits on excited quark
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Limits on excited quark
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Limits on excited quark
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Phys. Rev. Lett. 105, 161801 (2010)
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Limits on excited quark
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3.1 pb-1
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ATLAS-CONF-2010-093

Observed 
Limit

Expected 
Limit

MRST2007

CTEQ6L1

1.53 TeV 1.51 TeV

1.45 TeV 1.43 TeV

Observed ≈ Expected
neither lucky, nor unlucky
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Summary of q* limits

18

CDF
using

1130 pb-1

CMS
using

2.9 pb-1

ATLAS*
using

3.1 pb-1

Observed 
Limit

Expected 
Limit

0.87 TeV 1.58 TeV 1.45 TeV

1.32 TeV 1.43 TeV

Agreement between ATLAS and CMS.

* Listing result with 
CTEQ6L1, for easier 

comparison with 
CMS.
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Search for contact interactions
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ATLAS 
Using 3.1 pb-1

submitted to Phys.Lett.B on Sept. 26
arXiv:1009.5069 [hep-ex]

CMS
Using 2.9 pb-1

submitted to Phys.Rev.Lett on Oct. 21
arXiv:1010.4439 [hep-ex]

Related articles from the LHC
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Overview of search for
contact interactions
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Contact interaction:

Two reco-level observables, analyzed separately:

Background = PYTHIA QCD with NLO correction.

χ = e|y1−y2| RC =
N(|η1,2| < 0.7)

N(0.7 < |η1,2| < 1.3)

L =
−2π

Λ2
Ψ̄L

q γ
µΨL

q Ψ̄
LγµΨ

L
q
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Systematics

1) JES →~6%

2) μR, μF → ~3%
3) CTEQ6.6 PDF  → ~1%
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Signal region

Control region

χ-Ratio used to set 
frequentist limit
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Fχ
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Frequentist limit

Observed 95% CL limit:
Λ > 3.4 TeV (expected 3.5 TeV)

→ De Broglie wavelength: 
     ~6 x 10-20 m

Tevatron limit was: 2.8 TeV
arXiv:0906.4819v1 [hep-ex] 
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Limit on Λ, using η-Ratio

Bayesian limit 
(flat prior in σ ~ 1/Λ4 and 1/Λ2)

Observed 95% CL limit: 
2.0 TeV (2.4 TeV expected).
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Summary

mq* > 1.53 TeV Λ > 3.4 TeV
Λ > 2.0 TeV

No hint of new physics in 3.1 pb-1, at √s = 7 TeV.
LHC sets world’s best limits since only 0.31 pb-1.

The searches continue...
Over 40 pb-1 on tape.
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Appendix
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Contact interactions at 
CMS

“because the observed value of the 
centrality ratio at high invariant mass is 

below the expectation, the observed limit 
is 4.0 TeV at the 95% confidence level.”

arXiv:1010.4439 [hep-ex], submitted to PRL.
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