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Midpoint cone algorithm
 Generate pT ordered list of towers (or

particles/partons)
 Find proto-jets around seed towers

(typically 1 GeV) with pT>threshold
(typically 100 MeV)

◆ include tower k in cone if

◆ iterate if (yC,φC) = (yC,φC)
◆ NB: use of seeds creates IR-sensitivity

 Generate midpoint list from proto-jets
◆ using midpoints as seed positions

reduces IR-sensitivity
 Find proto-jets around midpoints
 Go to splitting/merging stage

◆ real jets have spatial extent and can overlap;
have to decide whether to merge the jets or
to split them

 Calculate kinematics (pT,y,φ) from final
stable cones

CDF uses f=75%
D0 uses f=50%



Jet algorithms at NLO
 Remember at LO, 1 parton = 1 jet
 At NLO, there can be two partons in a

jet and life becomes more interesting
 Let’s set the pT of the second parton

= z that of the first parton and let them
be separated by a distance d (=ΔR)

 Then in regions I and II (on the left),
the two partons will be within Rcone of
the jet centroid and so will be
contained in the same jet
◆ ~10% of the jet cross section is in

Region II; this will decrease as
the jet pT increases (and αs
decreases)

◆ at NLO the kT algorithm
corresponds to Region I (for
D=R); thus at parton level, the
cone algorithm is always larger
than the kT algorithm

z=pT2/pT1

d



Jets at NLO continued
 Construct what is called a Snowmass

potential

 The minima of the potential function
indicates the positions of the stable
cone solutions
◆ the derivative of the potential

function is the force that shows
the direction of flow of the
iterated cone

 The midpoint solution contains both
partons



Jets in real life
 Thus, jets don’t consist of 1 fermi

partons but have a spatial distribution
 Can approximate this as a Gaussian

smearing of the spatial distribution of
the parton energy
◆ the effective sigma ranges

between around 0.1 and 0.3
depending on the parton type
(quark or gluon) and on the
parton pT

 Note that because of the effects of
smearing that
◆ the midpoint solution is (almost

always) lost
▲ thus region II is effectively

truncated to the area shown on
the right

◆ the solution corresponding to the
lower energy parton can also be
lost

▲ resulting in dark towers



Jets in real life

 In NLO theory, can mimic the
impact of the truncation of Region
II by including a parameter called
Rsep
◆ only merge two partons if they

are within Rsep*Rcone of each
other

▲ Rsep~1.3
◆ ~4-5% effect on the theory cross

section; effect is smaller with the
use of pT rather than ET (see
extra slides)

◆ really upsets the theorists (but
there are also disadvantages)

 Dark tower effect is also on order
of few (<5)% effect on the
(experimental) cross section



Jets in real life
 Search cone solution

◆ use smaller initial search cone
(R/2) so that influence of far-
away energy not important

◆ solution corresponding to smaller
parton survives (but not midpoint
solution)

◆ but some undesireable IR
sensitivity effects (~1%), plus
larger UE subtraction



IR sensitivity of the search cone algorithm

The clustering depends on extra soft particles
between the original two partons.
_ IR-sensitivity at NNLO.

Original MidpointOriginal Midpoint Fixed Midpoint (search cone)Fixed Midpoint (search cone)

separate jets regardless ofseparate jets regardless of
extra particles around the middleextra particles around the middle

It was pointed out by M. Wobisch, G. Salam et al. that the fixed Midpoint (search
cone) algorithm is IR-sensitive at NNLO.

What is the numerical size of this effect?



IR sensitivity of the search cone algorithm

Search cone algorithmSearch cone algorithm

Midpoint algorithmMidpoint algorithm

Naturally
1-jet

Midpoint cone
contains 2
partons

Midpoint cone
not stable

Two well-separated partons [region (c) in the upper
plot] which will NOT be merged with the original
Midpoint algorithm may get merged [region (d) in the
lower plot] with the search cone algorithm.

conecone RdR 2<<

conecone
parton
T

parton
T RRdppz /)(/ 12 −<=

When a soft particle at the middle is away from the
original 2 partons by more than Rs = Rcone/2, the
search cone from the soft particle can be stable.

coneextracones RdRR <<= 2/

coneextracones RddRR <−<= 2/

The region (c/d):

When it’s expanded to radius Rcone, it will form a jet
containing the two original partons.

(from parton 1)

(from parton 2)

When such a search cone is prohibited, how doesWhen such a search cone is prohibited, how does
the cross section change?the cross section change?



IR sensitivity study with Pythia

 The modified search
cone algorithm was
made which removes
the search cone
satisfying the condition
of the previous page.

 The modified algorithm
changes the cross
section in Pythia by only
~1-2% independent of
jet Pt. Negligible effect.



Jets in real life
 Search cone solution

◆ use smaller initial search cone (R/2)
so that influence of far-away energy
not important

◆ solution corresponding to smaller
parton survives (but not midpoint
solution)

◆ but some undesireable IR sensitivity
effects (~1%), plus larger UE
subtraction

 TeV4LHC consensus
◆ run standard midpoint algorithm
◆ remove all towers located in jets
◆ run 2nd pass of midpoint algorithm,

cluster into jets
◆ at this point, can either keep 2nd pass

jets as additional jets (recommended
for now)

▲ use appropriate value of Rsep
◆ or merge in (d,z) plane
◆ correct data for effects of seeds (~1%)

so comparisons made to seedless
theory



What do we do with the >fb-1 sample?

 Removing the search cone means re-
processing all of the jet data

 The net effect will be fairly small (<5%)
◆ but can we publish without doing this?

 The original midpoint algorithm uses a
split/merge criterion of 50%
◆ but we’ve been using 75%, as in JetClu
◆ some evidence that 50% can lead to trouble in active

environments
◆ I’d prefer to stick with 75%, but am just starting a

systematic study of the effect


