Measurement of Drell-Yan and associated jet cross
section at low and high invariant masses

Samantha Dooling'

'DESY, NotketraBe 85, 22607 Hamburg, Germany
on behalf of the CMS Collaboration

DOT: http://dx.doi.org/10.3204/DESY-PROC-2014-04 /281

The first measurement of the Drell-Yan and associated jet cross section as a function of
the Drell-Yan mass is presented using an integrated luminosity of 4.9 fb~! in the di-muon
channel of proton-proton collisions recorded with the CMS detector. Cross Sections as a
function of the Drell-Yan transverse momentum are measured differentially in the Drell-
Yan mass. The pr spectrum of the Drell-Yan allows to study multiple-gluon emissions and
resummation effects.
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Figure 1: Di-muon pr distribution at low and high invariant masses for DY+1 jet production.
Corrected data is compared to MC predictions.

The production of Drell-Yan (DY) lepton pairs in hadron-hadron collisions is a suitable process
to study the effect of the soft-gluon resummation in perturbative quantum chromodynamics
(pQCD). While DY lepton pair production at large transverse momenta can be described by
fixed order calculations in pQCD, at small pr resummation of soft gluons to all orders in per-
turbation theory is required [1].

The detailed measurements of inclusive DY lepton pair production as well as DY lepton pair
production in association with jets, especially in the mass range above the Z mass (and in the
range of mM* ~ 125 GeV), is important for a later comparison with Higgs production, which
can be used to determine the differences of soft gluon and multi-jet resummation in a quark or
gluon induced process [2].
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The pr spectrum of the DY lepton pair is of special
interest to test contributions from perturbative multi-
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gluon resummation. In the case of the inclusive DY T [overer oamrerzncev ]
production the maximum of the DY pr distribution 3 | 00 toam [ syst une. |
is around 5 GeV. When requiring DY in association = Lantik, (R=05) PF Jets MADGRAPH+PYTHIAG]
with additional jets the maximum shifts to higher pr % 0.4 Pr>30GeV. <45 ___ zj* .y -
and the phase space for multi-gluon emissions is en- Ww

larged. In Fig. 1 the comparison of DY production and == —
at least one jet above a pr of 30 GeV is shown. The 5 —t 1
first measurement of the differential DY and associated o2r 7
jets cross section as a function of the DY di-muon mass e

is presented in [3]. The di-muon pr distribution for =

DY+1 jet production in the invariant mass regions of I rarararar S TP T T
45-60, 60-120, and 200-1500 GeV is presented. The cor- 0 1 2 3 4 5

rected data points are compared to matrix element plus Ayl
parton shower predictions. The MC generator MAD-

GRAPH+PYTHIAG is used. MADGRAPH produces the Figure 2: Average jet multiplicity as a
DY boson with maximum four hard partons in the ma- function of the rapidity separation be-
trix element calculation at leading-order. The underly- tween the leading jet and the forward
ing event and parton shower is generated by PYTHIA6 DY production.

using the tune Z2*. The comparison to data presents

a good agreement over the whole phase space.

Multi-jet emissions in a rapidity interval between the DY pair and the leading jet is a sen-
sitive probe for multi-gluon emissions. The average jet multiplicity of jets with pr > 30 GeV
between the leading jet and the forward DY production (|n*#| > 2.5) as a function of the ra-
pidity separation |Ay(upu,j)| is presented in Fig. 2. The average jet multiplicity increases with
increasing separation between the DY lepton pair and the leading jet from 0 to 0.3 at large
rapidity separation. The general behaviour is reproduced by MADGRAPH simulation.
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