QCD, Colliders & Jets - HW 111 Solutions

1. Demonstrate that both the cone algorithm (without seeds) and the ky algorithm are
IRS at NLO in pQCD, i.e., show that the “found” jet will have the same properties
whether it contains a single parton or a pair of collinear partons with the same total
momentum. Also show that the jet is unchanged by the emission of a (vanishingly)
soft gluon. This does not require a slick argument. The idea is just to give you the
opportunity to think through what it takes to be IRS.

Solution: The point here is that the jet algorithms sum up the momentum of objects
(partons, hadrons, calorimeter towers) that are nearby each other, in some sense.
Either they are objects inside an angular cone of size R in the cone algorithm, or they
are pair wise near each other in momentum space in the k algorithm. Thus a
collinear pair of partons will always end up either in the same cone, or merged first in
the kr algorithm because they have djj = 0. For the case of a zero energy extra parton
it may not end up in the same jet with the non-zero energy parton, either because it is
outside of the cone or because it has the minimum d; and is a separate jet, but this
does not matter. It is still true that the algorithm will find the same non-zero energy
jet (the other parton) as in the case of no extra emission. Thus the divergent parts of
the real emission will contribute to the same jet (found by the algorithm) as the
virtual emission contribution and the divergences will cancel. Hence the jet cross
section defined by both the cone algorithm (without seeds) and the k algorithm are
IRS.

2. Use the Snowmass definition of the iterative cone algorithm (i.e., Et weighting
instead of 4-vector addition) to show that the 2-parton phase space splits up as
indicated in the figure in the Lecture. While this is really a 2-D problem in (y,¢), the
fact that there are only 2 partons, which effectively lie in a plane, means we can think
of itas a 1-D problem, i.e., just the separation d in that plane.

Solution: The point here is to think about how the cone algorithm works in pQCD in
order to understand some of the issues that have arisen. We can think in terms of a 2-

D angular vector with components rapidity and azimuthal angle, Q =(y,#). Now for
2 partons the angular separation is given by Q, =(y,—Y,.—¢,) with ‘5212‘ =d. If

we choose, for simplicity, to measure the rapidities and azimuthal angles from the
geometric center of the cone, the location of the Er weighted centroid is given by

QCD Maria Laach 08 1 HW 11 Solutions



c =

é _ ET,1y1+ET,2y2 ET,1¢1+ET,2¢2 :(y1+zy2 ¢1+Z¢2j
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where we have chosen E;, >E;,, z=E;,/E;,. Thus the condition that the Ey
weighted centroid coincides with the geometric center of the cone is that

‘Qc‘ =O:>(y1,¢1):_Z(y2’¢2):>‘(y1’¢1)‘ S‘(yz’%)"

Thus, as expected, the more energetic parton must be closer to the center of the cone
than the less energetic one. So the condition that both partons are inside a cone of

radius R centered at the E+ weighted centroid is that ‘ch‘ <R. Thus the effective (1-
D) boundary for finding a single cone with both partons in side is given by

—

le :(yl_y2’¢1_¢2):(1+Z)(_yZ’_¢2);
d =|0Q,,|= 1+ 2)|Qc,| <@+ )R

This is what is meant to be illustrated in the figure.
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