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The modeling of soft hadronic activity at the LHC relies heavily on Monte Carlo programs.
We scrutinize their theoretical basis, using field theory (specifically factorization) to quantify
the effect of perturbative and nonperturbative primary soft radiation. This is motivated by
the ambiguity between these effects and multiple parton interactions (MPI) in underlying event
measurements. We compare our predictions to Pythia 8 and Herwig++ 2.7.

Instead of looking at the regions away from hard jets, we directly study the effect of various
sources of soft hadronic activity on the jet invariant mass my, which is a benchmark observable
at the LHC. We show how these sources can be separated by exploiting their different dependence
on the jet radius R, jet momentum pi‘ﬁ, jet rapidity v, and partonic scattering process [1].

The normalized jet mass spectrum in pp — Z+1-jet and pp — H+1-jet events is given by [2]

wny = | ks Jes (= 201ks) Sihs 0, ). @
Here, k = {Kq, ki, kj} denotes the partonic channel, and kg is the contribution of soft radiation
to the jet mass measurement. The jet function J, describes energetic final-state radiation and
the soft function Sy initial and final-state soft radiation. Eq. (2]) does not include MPI.

The soft function S, is sensitive to perturbative effects SE®* and nonperturbative effects Fj.,
which can be factorized S, = S2™" @ F, [3]. In the tail of the jet mass spectrum, kg > Aqep, Sk
can be expanded, Si(ks,ys, R) = Gpert (kg — Qx(R),yJ, R). The resulting shift of the jet mass
m? = (m%)Pt + 2p7 Q. (R) agrees with Pythia, as shown in the left panel of Fig. [[Il
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Figure 11: Left: The change in Pythia’s jet mass spectrum from partonic to
hadronic+MPI is described by a shift in the tail, and a simple convolution everywhere.
Center: The R dependence of hadronization in Pythia agrees with factorization: it
fits odd powers of R and for R < 1 only depends on whether the jet is initiated by
a quark or gluon. Right: p% dependence of the ~R* contributions to the jet mass in
Pythia and Herwig from MPI and soft ISR for qg — Zgq.

The field-theoretic definition of the nonperturbative parameter €2, allows us to show that it
is independent of y 7, only involves odd powers of R, and that the linear R term differs between
quark and gluon jets but does not depend on the full partonic process [I]. Thus MPI cannot
be part of Q,(R) because they scale like R*. Hadronization in Pythia agrees very well with our
predictions for €, as shown for the R dependence in the middle panel of Fig. [l

The perturbative soft function contains a interference contribution from initial-state radia-
tion (ISR) that scales like R* [I]. Current tunes do not address its potential degeneracy with
MPI. As the right panel in Fig. [Tshows, these R* contributions differ much more between tunes
than their sum, and can be separated by exploiting their different p% and channel dependence.

References

[1] I. W. Stewart, F. J. Tackmann, and W. J. Waalewijn, arXiv:1405.6722 (accepted by PRL).
[2] T. T. Jouttenus, et al., Phys. Rev. D 88, 054031 (2013).
[3] G. P. Korchemsky and G. Sterman, Nucl. Phys. B 555, 335 (1999).

42



	Preface
	Chapter: Underlying Event
	Outlook on Minimum Bias and Underlying Events
	Outlook on MPI and MC models
	MPI in PYTHIA / T. Sjöstrand
	A new Colour Reconnection model in PYTHIA / J. R. Christiansen
	Underlying events in EPOS 3.1xx / T. Pierog
	MPI in Herwig++ / A. Siodmok
	Improving the forward rapidity gap description in Herwig++ / M. Myska
	Measurement of the underlying event activity using charged particle jets in proton-proton collisions at 2.76 TeV / W. Wei Yang
	Jets in multiparticle production in and beyond geometry of proton-proton collisions at the LHC / M. Strikman
	Measurements of forward neutron and neutral pion productions with the LHCf detector / G. Mitsuka
	Measurements of event shapes and particle production with the ATLAS detector / R. Astaloš
	CMS UE and MB Tunes / R. Field
	ATLAS Pythia8 tunes to 7Te-0.8muV data / A. Buckley
	Chapter: Double Parton Scattering
	Outlook on theory of soft and hard MPI (DPS)
	Measurement of hard double-parton interactions in 
ext W ()
ext + 2 jet events at 
ext s=
ext 7 TeV with the ATLAS detector / O. Gueta
	DPS measurements with CMS / D. Ciangottini
	DPS and determinations of 
ext eff
ext / P. Gunnellini
	Effects of double-parton scattering for the rapidity-distant jet  production at the LHC / A. Szczurek
	A Light-Front approach to double parton distribution functions within constituent quark models / M. Rinaldi
	Glauber Gluons and Multiple Parton Interactions / J. R. Gaunt
	Dissecting Soft Radiation with Factorization / W. J. Waalewijn
	On the longitudinal structure double parton distributions / F. A. Ceccopieri
	Electroweak boson production in double parton scattering / E. Lewandowska
	Correlations in 
ext J/
ext pair production as SPS versus DPS discriminators / S. Baranov
	Double open charm production at the LHC within single- and double-parton scattering / R. Maciuła
	Conventional versus single-ladder-splitting contribution to double gluon-gluon initiated processes / J. R. Gaunt
	Towards correlations in double parton distributions / A. M. Snigirev
	DPS and the Higgs signal strength at the LHC / M. W. Krasny
	The study of QCD in high pile-up environments with Higgs boson and Drell-Yan production / H. van Haevermaet
	Chapter: MPI and small-
ext x
ext and diffraction
	Outlook on MPI and small-
ext x
ext and diffraction
	Production of leading charged particles and leading charged-particle jets at small transverse momenta with the CMS detector / A. Knutsson
	Studies of azimuthal decorrelation of dijets with a jet veto with ATLAS / V. Pleskot
	Dijet production at HERA and tests of QCD factorisation / L. Goerlich
	High-energy resummation effects in Mueller-Navelet jets production at the LHC / B. Ducloué
	New results on forward jets within High Energy Factorization / P. Kotko
	The heavy quark impact factor and single heavy quark production / M. Deák
	Compact expressions for off-shell amplitudes / A. van Hameren
	Report from the LHC Forward Physics Working Group / T. A. D. Martin
	Kinematic corrections to Quarkonium production in NRQCD approach / S. Baranov
	Unintegrated PDFs from low to high 
ext x
ext : theoretical issues / I. O. Cherednikov
	Kinematical constraint and the CCFM equation / M. Deák
	Forward Drell-Yan cross-section beyond single scattering approximation / T. Stebel
	Chapter: MPI in collisions with nuclei
	Outlook on MPI and the Heavy Ions
	Evidence for 
ext x
ext -dependent proton color fluctuations in pA collisions at the LHC / M. Strikman
	Double-scattering production of two 0 mesons and four pions in heavy ions UPCs / M. Kłusek-Gawenda
	Transverse momentum dependent gluon density at low-x / G. I. Lykasov
	Double parton interactions in 
ext p, A
ext collisions in the direct photon kinematics / B. Blok
	DPS cross sections in proton-nucleus and nucleus-nucleus collisions at the LHC / A. M. Snigirev
	Transverse momentum spectra of light-flavor hadrons measured with ALICE in pp, p–Pb and Pb–Pb collisions at the LHC / J. Otwinowski
	Finite Nc effects in pp and AA Monte Carlo event generation with dipsy / Ch. Bierlich
	Constraints for small-
ext x
ext gluon nPDFs from p+Pb collisions at the LHC / I. Helenius
	Summary

