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Introduction

e CMS AN-2007/039 summarizes dijet work since PTDR including
> AN-2007/015: Dijet Ratio from QCD and Contact Interactions
> AN-2007/016: Dijet Resonance Analysis

e Complementary to the PTDR sensitivity estimates
> Explores how we do analysis, finds optimal and data-driven n cuts.

e Discusses two new analysis topics since PTDR
> Contact Interaction search using jet P+ (joint with QCD group).
> Dijet resonance search using dijet ratio.

e More discussion on angular distribution of dijet resonances than in PTDR

_ Dijet Resonance _ Contact Interaction QCD
9,9, 9 q9: 49, 9 q q
>L< >A<
d, EI, g s - channel d, EI, g d q mainly t - channel
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Jet Reconstruction & Correction

e Standard jet reconstruction

> Cone algorithm R=0.5

> Midpoint & iterative cone
indistinguishable at high P+.

> Standard jet kinematics
> Jet E = SE, Jef p=sp,
> 0 =tan"(p,/p,)
> Eg = Esin®, pr=Vp,2+p,?

Jet 1 Jet 2

e Standard MC jet corrections o
> Scales Jet (E,p,.p,p,) by =g =

> ~1.5atE; =70 GeV <= S '

> ~1.1atE;=3TeV

> for jets in barrel region

e Dijet is two leading jets.
> M=V(E,+E,)2 ~(P3+P,)
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CMS

Triggers and Datasets

e Sensitivity studies done with PTDR
Trigger Table

e HLT Exercise / CSAQ7 table OK

> But not optimal for analysis
> We recommend improvements

> Balancing rates

- Optimizing overlap for efficiency
and prescale measurement

> Manageable rate of high p trigger

> Were willing to help.

e Primary datasets are critical !
> One Trigger Path - One Dataset

> Manageable size, split by use.

> Datasets should be inclusive

> Overlaps are kept in each dataset.
> Efficiency & prescale measurement
> Exclusive datasets tax data access.

Robert Harris, Fermilab

PTDR Jet Trigger Table for L = 1032

L1 HLT
Path E; |[Pre- |Rate E; |Rate
(GeV) | scale | (KHz) | (GeV) | (Hz)
Low 25 2000 0.020 60 2.8
Med 60 40 0.023 120 24
High 140 1 0.034 250 2.8

Inclusive Datasets with Overlaps
Low Med High

N - S g

> Jet E;
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Jet n Region

Kostas Kousouris

e Barrel jets have uniform response & sensitive to new physics

> Jet response changes smoothly and slowly up to | jetn | = 1.3
> CaloTowers with [n|<1.3 are in barrel with uniform construction.

Measure relative response vs. jet i in data with dijet balance

> CaloTowers with 1.3<|n|<1.5 are in barrel / endcap transition region

> Some of our analyses use | jet n [<1.3, others still use | jet n |<1
> All are migrating to | jet n |<1.3 which is optimal for dijet resonances

Dijet Balance

Barrel Jet
(Inl<1.3)

Probe Jet
(any n)

®
> Data will tell us what is the region of response we can trust.
Jet response vs 1 relative to [n|<1.3 Hcal towers and n cuts
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CMS

Dijet Event Cleanup

Dave Mason

e Dijet events do not usually contain large missing E-
> Acutat MET / ZE; < 0.3 is >99% efficient for P+ > 100 GeV
> Won’t change the QCD background to new physics.

e Most unphysical background contain large missing E-

> Catastrophic detector noise, cosmic ray air showers, beam-halo backgrounds
> A simple cut at MET / ZE; < 0.3 should remove most of these at high jet P;.
> This cut is our first defense, simpler and safer than cutting on jet characteristics.
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CMS/ Inclusive Jet p-

Dave Mason, Anwar Bhatti

e Inclusive jet p; is a QCD measurement that is sensitive to new physics.
> Counts all jets inside a p; bin and n interval, and divides by bin width and luminosity.

e Corrected CaloJets agree reasonably well with Gendets.
> CaloJets before corrections shifted to lower E; than GenJets
> Ratio between corrected CaloJets and GenJets is “resolution smearing”: small at high py.

e Simple correction for resolution smearing in real data is to divide rate by this ratio.

Inclusive Jet Cross Section Resolution Smearing
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CMS,

Dave Mason, Anwar Bhatti

Inclusive Jet P and Contact Interactions

e Contact interactions create large rate at high P and immediate discovery possible

> Error dominated by jet energy scale (~10%) in early running (10 pb-1)
> AE~ 10% not as big an effect as A= 3 TeV for P:>1 TeV.
> PDF “errors” and statistical errors (10 pb-') smaller than E scale error

e With 10 pb-" we can see new physics beyond Tevatron exclusion of A*< 2.7
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CMs/|  Dijet Resonances in Rate vs. Dijet Mass

= Marco Cardaci, Benjamin Bollen

e Measure rate vs. corrected dijet mass and look for resonances.
> Use a smooth parameterized fit or QCD prediction to model background

e Strongly produced resonances can be seen

> Convincing signal for a 2 TeV excited quark in 100 pb-*
» Tevatron excluded up to 0.78 TeV.
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ems/|  Dijet Resonances: Optimization of n cut

§— Marco Cardaci, Benjamin Bollen

e QCD cross section rises dramatically with |n| cut due to t-channel pole.
> Z’ signal only gradually increases with |n| cut » optimal value at low |n|.

e Optimal cutis at |n| < 1.3 for a 2 TeV dijet resonance.
> Optimization uses Pythia Z' angular distribution for the resonance.
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CMS

Dijet Mass Resolution
Frank Chlebana

e First high statistics study of dijet 700
resonance mass resolution.

e Gaussian core of resolution for |n|<1  s°
and |n|<1.3 is similar. 400

e Resolution for corrected CalodJets

> 9% at 0.7 TeV
> 4.5% at5 TeV
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CMs, Dijet Ratio from QCD

Manoj Jha, Marek Zielinski

e \We have optimized the dijet ratio for a contact interaction search in barrel
> Old dijet ratio used by DO and PTDR was N(|n|<0.5) / N(0.5<|n|<1.0)
> New dijet ratio is N(|n|<0.7) / N(0.7<|n|<1.3)

e Dijet ratio from QCD agrees for GenJets and Corrected CaloJets
> Flat at 0.6 for old ratio, and flat at 0.5 for new ratio up to around 6 TeV.

Old Dijet Ratio New Dijet Ratio
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Dijet Ratio from QCD & Contact Interactions

/ Manoj Jha, Marek Zielinski

e Optimization dramatically increases sensitivity to contact interactions.
> Raising the signal and decreasing the QCD error bars.

> Value of A* we can discover is increased by 2 TeV for 100 pb-?
> From A* =5 TeV with old dijet ratio (PTDR) to A* = 7 TeV with new dijet ratio.

Old Dijet Ratio New Dijet Ratio
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cms |  Dijet Resonances with Dijet Ratio
Selda Esen

e All resonances have a more isotropic decay angular distribution than QCD
> Spin Y2 (g*), spin 1 (Z’), and spin 2 (RS Graviton) all flatter than QCD in dN / dcos6*.

e Dijet ratio is larger for resonances than for QCD.
> Because numerator mainly low cos 6*, denominator mainly high cos 6*

Dijet Angular Distributions Dijet Ratio vs Mass
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CMS,

Dijet Resonances with Dijet Ratio
Selda Esen

e Dijet ratio from signal + QCD compared to statistical errors for QCD alone
> Resonances normalized with g* cross section for |n|<1.3 to see effect of spin.

e Convincing signal for 2 TeV strong resonance in 100 pb-' regardless of spin.

e Promising technique for discovery, confirmation, and eventually spin measurement.
Dijet Ratio for Spin 2, 1, 2
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CMS

Approval Process

e Nov. 9: pre-approved by both SUSY/BSM and QCD.

e Nov. 10: Analysis Review Committee (ARC) appointed.
> Luc Pape (chair), Rick Cavanaugh, Dan Green

e Nov. 10-25: e-mail discussions with statistics committee.
> Difference between “expected” and “observed” significance.
> ARC recommends all significance numbers (13c, etc.) be suppressed. Done.

> We repeat optimization of n cut for resonances with “expected” significance
> Dec. 12: we get same optimal cut of |n|<1.3 for 2 TeV. See backup slide.

e Nov. 26-27: questions received from ARC via e-mail.
> Answers sent Nov. 29 and there was no further comments from ARC.

> Minor comments implemented in Physics Analysis Summary (PAS).
> Still need to implement minor comments to Analysis Note.

e Dec. 3-7: PAS released and updated with cosmetic changes.

Robert Harris, Fermilab 17



CMS

Conclusions beyond PTDR

10.

Small modifications for the CMS jet triggers are recommended
Inclusive primary datasets should map to each trigger: 1 to 1 including overlaps
We plan to reduce unphysical backgrounds by requiring MET / XE; < 0.3

Inclusive jet p; analysis gives a convincing signal for a contact interaction scale
A*=3TeVin 10 pb! with jet energy errors of 10%.

Jet |n| < 1.3 is optimal for resonance searches in rate vs. dijet mass and has
stable response vs. n which we will measure using dijet balance.

The Gaussian core of the resolution for a dijet resonance varies from 9% at 0.7
TeV1to4.5% at 5 TeV.

Rate vs. dijet mass analysis gives a convincing signal for a 2 TeV g* with 100 pb-?
Optimized dijet ratio for contact interactions is N(|n|< 0.7) / N(0.7 < |n| < 1.3)
Dijet ratio can discover A*= 4,7 and 10 TeV for 10 pb-1, 100 pb-!, and 1 fb-"

Dijet ratio can discover or confirm a dijet resonance, and eventually measure its
spin. Gives a convincing signal for a 2 TeV q* with 100 pb-1

We request CMS approval of this analysis.
Robert Harris, Fermilab 18
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CMs, Statistics

K. Kousouris and M. Cardaci

e Statistics committee recommends use of “expected” significance
> Significance expected when average signal (s) and background (b) are known.
> Less than observed significance ( s / sqrt(b) ) or what we used ( s / sqrt(s+b) )

e Committee recommended simple merging of a few bins into a single bin
> Stop-gap measure until method for multi-bin significance is understood.

e Optimization of n-cut with recommended significance gives same result
> Decided not to quote any significance values (ARCs recommendation too).
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