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Jets at the LHC

The age old hunt. ..

Effects beyond NLO DGLAP?

... apart from the obvious soft and collinear regions (shower profile)
Do we need more than NLO DGLAP to describe the hard jet events at
the LHC?

| A\

The News

The data collected in 2010 already show effects beyond NLO
DGLAP...

@ for some observables based on hard jets

@ in certain regions of phase space
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Scope of this talk

Will not discuss several interesting effects:
@ jet broadening (shower profiles)
@ impact of underlying event on the jet energy

These are (well?) described by a tunable shower MC.

Will instead focus on the description of the hard event , and in
particular on observables not well described by NLO DGLAP.
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Outline

Idea/Motivation

Investigate the radiation pattern in DiJets for two reasons:
© Because it is an interesting QCD laboratory

@ DiJets act as a test bed for studies of h+DiJets

Which regions of phase space receive large corrections from hard
perturbative corrections (= additional jet activity)

Compare the description of hard jet activity from NLO, NLO+shower,
High Energy Jets.
Dijets, W+Dijets, H+Dijets; Similarities in Jet Activity
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Drivers of Emission

© Collinear ( jet profile)
@ Soft (pi-hierarchies)

© Opening of phase space (semi-hard emissions - not related to a
divergence of |[M|?).
Think (e.g.) multiple jets of fixed pt, with increasing rapidity span
(span=max difference in rapidity of two hard jets=Ay).
All calculations will agree that number of additional jets increases
- but the amount of radiation will differ (wildly) - e.g. due to
limitations on the number (NLO) or hardness (shower) of
allowed additional radiation.
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Increasing Rapidity Span — Increasing Number of Jets
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J.R. Andersen, J. Campbell, S. Hoche, arXiv:1003.1241

Please recall this plot when | discuss the results of the ATLAS study of (Njs)
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HEJ ( igh nergy ets)

Goal (inspired by the great Fadin & Lipatov)

Sufficiently simple model for hard radiative corrections that the
all-order sum can be evaluated explicitly (completely exclusive)

Sufficiently accurate that the description is relevant
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The Possibility for Predictions of n-jet Rates

The Power of Reggeisation
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to all orders in as.
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Comparison of 3-jet scattering amplitudes

Universal behaviour of scattering amplitudes in the HE limit:
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Allow for analytic resummation (BFKL equation).
However, how well does this actually approximate the amplitude?
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Comparison of 3-jet scattering amplitudes

Study just a slice in phase space:
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Comparison of 3-jet scattering amplitudes

Study just a slice in phase space:

""" MRK limit
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Comparison of 3-jet scattering amplitudes

Study just a slice in phase space:

""" MRK limit
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Comparison of 3-jet scattering amplitudes

Study just a slice in phase space:
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Comparison of 3-jet scattering amplitudes

Study just a slice in phase space:
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High Energy Jets (HEJ): R J;A, Ji/l. Sr:illie, a7rXiv:08908A29786A v
1) Inspiration from Fadin&Lipatov: dominance by t-channel
2) No kinematic approximations in invariants (denominator)
3) Accurate definition of currents (coupling through t-channel exchange)

4) Gauge invariance. Not just asymptotically.
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All-Orders, Regularisation, etc.

@ Have prescription for 2 — n matrix element, including virtual
corrections: Lipatov Ansatz 1/t — 1/t exp(—w(t)Ayj)

@ Organisation of cancellation of IR (soft) divergences is easy

@ Can calculate the sum over the n-particle phase space explicitly
(n ~ 30) to get the all-order corrections (just as if one had provided
all the N3°LO matrix elements and a regularisation procedure)

@ Match to n-jet tree-level where this can be evaluated in
reasonable time

@ Resummation of HEJ recently merged with a parton shower -
lots of ongoing work
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Comparison to data

Two drivers for multi-jet production:

@ large ratio of transverse scales (shower resummation)
@ Colour exchange over a range in rapidity

The LHC has the energy to explore the second mechanism.
Several interesting studies already with the first (2010) year of data!
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Simultaneous production of central and forward jet

CMS PAS FWD-10-006

pp — jet+ jet

Jets: anti-kt, R=.5, p; > 35GeV

central : |n| < 2.8
forward : 3.2 < |n| < 4.7

(not particularly large rapidity spans, typically 1 unit).
Measure the p;-spectrum of the central and the forward jet. Any
difference is obviously due to additional radiation.
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Comparison to Theory, |
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Comparison to Theory,
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Comparison to Theory, Conclusion

Forward-central jets (pp, LHC)

« Constrains multi-jets production & DGLAP vs BFKL dynamics
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Atlas Study of Further Jet Activity in Dijet Events
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Wish for new studies

Fruitful combination. . .
@ Simple CMS cuts

Additional: Requiring the hardest jet slightly harder than the general jet scale ensures a physical behaviour of the NLO

calculation.

@ ATLAS study

Jeppe R. Andersen (CP3—Origins) Jets at the LHC Blois Workshop, Dec. 17 2011 18/ 23



Ratio of Inclusive Jet Rates vs. Ht»

In Collaboration with POWHEG
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Similarities : NLO+Shower, HEJ (all-order hard resummation)
Difference : NLO
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Azimuthal Decorellation vs. Rapidity

In Collaboration with POWHEG
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Similarities : NLO+Shower, HEJ (all-order hard resummation)

Difference : NLO
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Average number of Hard Jets

In Collaboration with POWHEG
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Clear differences: NLO, NLO+Shower, HEJ (all-order hard
resummation)
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Ratio of Inclusive Jet Rates vs. Rapidity

In Collaboration with POWHEG
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@ The LHC has the energy to probe the Multi-Regge-Kinematic
region

@ Effects of multiple hard emissions have already been observed

@ ...but the analyses can be made much cleaner

@ Please do so, since this will teach us much about QCD;
and about jet veto effects in h+dijets.
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