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Run I Experience:

� Snowmass Accord

� Cone Clustering algorithm

� kT clustering

� Energy calibration/Jet Resolution

� Underlying Event Subtraction

Run II Workshop Proposal:

� Problems with cone algorithms

� Requirements for good clustering algorithms

� Algorithms

{ Seedless Cone Algorithm

{ Mid-Point Cone

{ kT Clustering

� Some preliminary comparison



Why do we need better clustering?

QCD is well established.

� Jet Physics

{ Measure parton distribution functions

{ Test various calculation techniques (NNLO

calculation, Resummation)

{ Estimate non-perturbative

e�ects/background to new physics

{ Angular distributions

{ Multi-Jet States

{ Jet Fragmentation Studies

� Mass Reconstruction

{ Hadronic W/Z reconstruction

{ Top Mass measurement

{ Higgs Search

Question is how accurately can we do it?
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CDF Jet Energy Response
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Snowmass Algorithm

� Associate a 4-vector with Each particle/tower

� Find a cone such that jet centroid is aligned

with geometric center.

� Each particle statis�es

i � C :

q
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In the Snowmass algorithm a \stable" cone (and
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Ad-hoc Clustering Parameter in theory (Rsep)

� Experimental clustering has overlapping cones

and thus splitting merging.

� Introduce to mimic splitting/merging in data.

ET Jet
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Jet cone R =0.7, scale=ET/2, η=0.0
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σRsep=1.3R/σRsep=2R

Successful in describing energy distribution within

a jet at the cost of another parameter in theory

which can be tuned.
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NLO Three Jet Production hep-ph/p610433
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� Jet cross section depends on the jet de�nition.

� Upto four partons in �nal state.

� Need a resolution parameter to de�ne a parton.

{ Mass of two parton < smin, Unresolvabe,

treat as single parton

� Cross Section should not depend on smin.
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MidPoint Cone Clustering

To remove the sensitivity to soft radiation, add

additional seeds at positions given by pi + pj ,

pi + pj + pk etc.

smin dependence of DIS DIJET cross section at NLO.

� NLO p�p 3-jet production is too slow.

� The cross section diverges as log(smin=Q
2) for

\no center seed" clustering.

� In data

{ Generate ET order tower

{ Find protojets around towers with ET > threshold

{ Generate midpoints from list of protojets

{ Find protojets around midpoints

{ Goto split/merge stage



Seedless Cone Clustering Algorithm
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kT Algorithm
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Jet Parameter De�nitions

The cone algorithm starts with a cone de�ned in

E-scheme variables as

i � C :

q
(yi � yC)

2
+ (�i � �C)

2
� R: (1)

where for massless towers, particles, or partons

y
i = �

i. The E-scheme centroid corresponding to

this cone is given by

p
C = (EC

;pC) =
X
i�C

(Ei
; p

i
x; p

i
y; p

i
z) ; (2)

�yC =
1

2
ln

E
C + p
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z

EC � pCz

; ��C = tan�1
p
C
y

pCx

: (3)

A jet arises from a \stable" cone, for which

�yC = y
C = y

J and ��C = �
C = �

J , and the jet has

kinematic properties

p
J = (EJ

;pJ) =
X

i�J=C
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; p
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y; p

i
z) ; (4)
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; �
J = tan�1

p
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y
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: (6)



PreClustering

� Order independence (same results for

partons, particles, towers)

� Detector independence

� CPU

CDF Preclustering

� CDF Run II calorimeter has 1536 towers.

� Each tower with ET > 100 MeV is precluster.

D�Preclustering

� � 45000 cells, � 6000 towers.

1. Identify each cell with a 4-vector

2. Removes celles with pT <�500 MeV.

3. Add cell within a tower using 4-vector addition

4. PreCluster towers with �R < 0:2

5. Redistribute negative energy preclusters to

neighbours

6. Redistribute preclusters with pT <200 MeV to

neighbours



Comparison of MidPoint with JetClu

jets
 and nT=0.7): EconeJet50: JetClu vs. MidPoint (R
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Comparison of MidPoint with JetClu

=0.7): Leading JetsconeJet50: JetClu vs. MidPoint (R
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Comparison of MidPoint with JetClu

jets
 and nT=0.7): Econe: JetClu vs. MidPoint (Rtt
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Comparison of MidPoint with JetClu

=0.7): Leading Jetscone: MidPoint vs. Seedless (Rtt
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Conclusions

� Lot of progress in understanding jet clustering

issues.

� Detailed clustering algorithms have been

speci�ed.

� Progress in energy calibration of kT jets.

� The seedless algorithm is not two slow.

Preclustering is needed for DZero.

� Ready to compare data with NNLO

calculations

� Can we reach 1% accuracy in PDF? Still open.


