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Motivation

* Jets with high transverse momentum (p;) and
high mass are a playground for testing
perturbative QCD (pQCD)
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2. Pileup Correction
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Pileup

There are 3 Multiple
Interactions (MI) on average
in our data in each bunch
crossing.

Can be estimated by the
number of reconstructed
vertices (Nvtx)

Introduces extra energy
depositions inside the jets

Critical to jet substructure
study

Creates a problem of
comparison to MC

Complementary Cone
— 90° away in ¢ from jet
— Requiring clear dijet structure
¢ p/2>100 GeV/c
* Ad(jetl,jet2) > 166°
Add calorimeter towers
from complementary cone
to main jet and see how the
mass changes

arXiv:1101.3002
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3. Jet Mass
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C,c =4/3,3 for quark and gluon



Jet Mass

Validity: miet |
Leading log approximation. Next to leading log
corrections are not fully known but roughly
1/log(R%p;%/m?2) ~ 30%

Predicts both

* Jet mass distribution shape

jet
ok << M << pR

 Absolute normalization

Still, a simple and powerful prediction
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4. Angularity
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1
T.(R,pr) = — ®; sin“0; [ 1 —cos ;|

mj i€ jet
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—— £ ong. jets
--=-- QCD jets

Almeida et al,
PRD 79 074017 (2009)
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5. Planar Flow
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A o are the eigenvalues of /,,
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6. Top Search
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MC tools Matching Rinass
Sherpa 0.88 +0.03
MadGraph 0.86 = 0.04
MadGraph 0.76 £ 0.04
Herwig 0.86 + 0.02
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Semileptonic CDF, L =6fb?  All Hadronic CDF, L, = 6 fb*

Region miett SMET Data ttbar MC miet! miet? Data ttbar MC
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Summary

High p; massive jets were studied in real data for the
first time (now confirmed in very recent LHC studies)

A data-driven pileup correction procedure was
developed, tested, and studied analytically

Good agreement on jet substructure observables
between data, MC, and theoretical predictions

Good agreement between Midpoint and anti-k-

A boosted top search yielded an upper limit on the
production cross section of high p; tops
— Using only jet mass

— In future searches, other jet substructure observables,
e.g. planar flow can be used
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Event Selection

6 fb! of data collected Feb. 2002 — Jan. 2010
Mainly looking at p;/®t > 400 GeV/c
0.1 < |n| <0.7: stay in central parts of CDF

>1 vertex with class 12, |zvx|<60cm: quality
cuts

E.miss Significance = Sy, = E;MS/VYE; < 10




CDF Run |l CDF Run I

jet

Midpoint R = 0.7, P, > 400 GeV/c, Pythia 6.216
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Cut Flow

R=04 R=0.7
All Data, 5.95 fb! 75,764,270 events
At least one jet with pr> 400 GeV/c,0.1< |n| <0.7, 2,152 2,699
and event quality cuts
m**2 < 100 GeV/c? and Syer < 4 1,836 2,108
(with p7°t? > 100 GeV/c and Ml corrections)
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M| Correction

Scaling of Ml correction:

— Average number of towers in cone
— Average contribution ~ cos8 ~ R?
— Scales like R*

Large event by event fluctuations
— Use the mean shift instead

Some parts of the underlying
event (UE) are coherent with final
jet states

— Nvtx>1=>UE + Ml
— Nvtx=1=> UE only

— M Correction

At a fixed p;, the mass shift is
expected to behave as Am~1/m

A general procedure for deriving
the Ml contribution for various
observables was developed in
arXiv:1101.3002v2 by performing

a variation of the observable with
respect to addition of incoherent
energy


http://arxiv.org/abs/1101.3002v2
http://arxiv.org/abs/1101.3002v2
http://arxiv.org/abs/1101.3002v2
http://arxiv.org/abs/1101.3002v2
http://arxiv.org/abs/1101.3002v2
http://arxiv.org/abs/1101.3002v2

Top Quark dsigma/dp;

Kidonakis & Vogt, PRD 68, 114014 (2003) and
Private Communication (2010).
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Quark and gluon jet fractions at the
Tevatron
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Ellis, Stirling, Webber, “QCD and Collider Physics”



Semileptonic CDF, Lyt =6 fb? All Hadronic CDF, Lix =6 fb
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