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Fiducial Cross-Section 
Definitions:

Nominal Analysis
pT > 12 & 15 GeV

|η| < 2.4
Extended Analysis

pT > 6 & 9 GeV
|η| < 2.4
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Figure 2: The kinematic coverage of the LHC and HERA experiments. The region of the low mass DY
measurement is shown bordered in black.

masses the dominant coupling is EM, and the cross section falls sharply as � ⇠ 1/M3. The EM part of122

the di↵erential cross-section can be written in terms of ⌧ = m2
ll/s [3]:123

 
d�
dmll

!

LO
= Nc

8⇡↵2

3m3
ll

X

q
e2

q
⌧dL(⌧)

d⌧
(1)

where124

dL(⌧)
d⌧

= Cqq̄

Z 1

⌧

dx1

x1

"
fq/A(x1,Q2) fq̄/B(

⌧

x1
,Q2) + (A$ B if q , q̄)

#
. (2)

Here the M dependence is given by a combination of the running of the EM coupling, and the scale125

dependence of the PDFs, where the probing scale is taken as M. At higher masses the Weak term126

increases, and dominates at the the large Z0 resonance. The interference term is negative for M < MZ ,127

and positive for M > MZ , giving rise to the structure seen at M = 90 GeV.128

At low masses, M < 40 GeV, the measurement provides a handle on the flavor decomposition of129

the proton because the cross section is dominated by the large EM coupling, whereas the EW couplings130

dominate at the Z0 resonance. A low mass measurement exploits this di↵erence, and allows a separation131

between u and d type quarks to be made. Equation 4 illustrates the di↵erence between the cross section132

in the EM and EW limits.133

�Z0 ' (v2u + a2
u) ⇥ u(x1)ū(x2) + (v2d + a2

d) ⇥ d(x1)d̄(x2) + [1$ 2] (3)
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⇥ u(x1)ū(x2) +

1
9
⇥ d(x1)d̄(x2) + [1$ 2] (4)

Here (v2u + a2
u) ' 0.29, and (v2d + a2

d) ' 0.37. This could also allow measurements sensitive to the d̄ � ū134

asymmetry to be made, which is known to be non-zero for x > 10�2.135

A further feature of the low-mass DY measurement is the kinematic range which is accessible. Three136

kinematic variables are relevant: M, x1 and x2, where the xi are the usual Bjorken x variables (see eq. 5)137

Low Mass Drell-Yan Measurement

Standard Model Meeting
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Measurement Status

• 26 < M < 66 GeV (e+mu, 2011)
  nominal analysis

• 12 < M < 66 GeV (mu    , 2010)
  extended analysis

Electron Channel Measurements
• Tayfun Ince - University of Bonn
Alison Faulkner, Richard Keeler, Tony Kwan - University of  Victoria

Muon Channel Measurements
• Elisa Piccaro, Jack Goddard, Rob Hickling, Joseph Lilley, Eram Rizvi - Queen Mary, London
• Massimo Corradi - INFN, Bologna

Theory and Fits
• Uta Klein - University of Liverpool
• Sasha Glazov, Elena Yatsenko - DESY
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• Measurement of the Drell-Yan dσ/dMll in a mass 
window of 12 < Mll < 66 GeV.

• Complement to cross-section measurements made 
at the Z peak and above. 

• Will help to constrain the PDF errors.

• Have split the analysis into two streams:

• Nominal Analysis (2011 data):

• 26 GeV < Mll < 66 GeV

• Electron Channel

• Muon Channel

• Extended Analysis (2010 data):

• 12 GeV < Mll < 66 GeV

• Muon Channel Only

As the analysis is still to be approved, this talk will concentrate 
on the 2011 muon analysis and comparisons to theory.



2011 Muon Event Selection
26 GeV < Mμμ < 66 GeV

DiMuon Trigger requiring 
muon pT > 10 GeV 

Primary Vertex with ≥ 3 
tracks

Track Quality Cuts

Oppositely charged 
muons

Muon |η| < 2.4

Muon pT > 12 & 15 GeV

Muons required to be 
isolated
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Require certain 
number of hits in 

the inner 
tracking 
detectors

Different cuts for 
leading and sub-
leading muons 

Ensures muons are well 
within the acceptance of the 

inner detector (|η| < 2.5)

See next slide
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PtRatio20 < [ 0.1, 0.5 ]
PtRatio30 < [ 0.1, 0.5 ]
PtRatio40 < [ 0.1, 0.5 ]
PtCone20 < [ 1.0, 2.4 ]
PtCone30 < [ 1.0, 2.4 ]
PtCone40 < [ 1.0, 2.4 ]

ATLAS Work in Progress

Isolation
• At low muon pT and di-muon invariant mass, it is particularly important to suppress and understand the 

background from multijet events. 
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Different 
expressions of 
the isolation.

Background R
ejection = 96.4%

Signal Efficiency = 95.7%

μ-

μ+

∆R = √(∆η2+ ∆φ2)

• Drell-Yan muons will be isolated, as they are the only decay 
products of the process.

• Muons in jets however will typically be accompanied by many 
other nearby tracks in the inner detector.

• We settled on PtRatio40 = ∑pT(∆R=0.4)/pT < 0.18

• Often ∑pT(∆R=0.4)/pT is referred to as PtRatio40
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ATLAS Work in Progress

• The shape of the multijet background is not well modelled by the Monte Carlo, so we want to use data to 
help correct the shape and normalisation of the Monte Carlo.

• A Multijet background dominated sample was selected by applying a harsh anti-isolation cut on one of 
the muons.

• PtRatio40 > 0.38 allows only ~1% signal past the cut.
• We get normlisation factors from a template fit to apply to our Multijet MC OS-SS and data SS samples, 

to give a good description of the data OS. 
• These are determined by TFractionFitter using a likelihood fit.

Unbiased 
PtRatio40 

distribution 
of second

 muon

Heavy Flavour 
Template 

(Multijet MC 0S-SS)

Light Flavour 
Template 
(Data SS)

Input to Fit Output of Fit

Very good 
description of 

isolation spectrum
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Multijet Background Estimate
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The full set of analysis cuts has been applied apart from the isolation.

The template method shows excellent agreement between the data and MC. 
The isolation spectrum is well described to ±5%. 
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Multijet Background Estimate

More Isolated

Factors can then be 
applied to our analysis 

region (once normalisation 
has been corrected)
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 syst⊕Total stat 
(excluding lumi)
Statistical
Luminosity
QCD Background
E.W. Background

Isolation Efficiency
Trigger Efficiency
Reconstruction Efficiency

 Statisticsγc
 Smearing

T
Muon p
Muon Momentum Scale

ATLAS Work in Progress

Total (ex. lumi)
Isolation

Trigger

Lumi
Statistical

Fiducial Differential Cross-Section

• The fiducial differential cross-section is calculated in the normal way.

• The Cγ is produced by bin-by-bin unfolding.

• Uncertainties from a number of sources have been considered
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7.2 Muon channel results1224

Using theL ⇠ 1.66 fb�1 of integrated luminosity accumulated in 2011 for the nominal measurement, and1225

L = 36 pb�1 for the extended (muon channel only) measurement, the Drell-Yan di↵erential cross section1226

with respect to the di-muon invariant mass is derived using a 1-dimensional bin-by-bin unfolding:1227

 
d�

dmµµ

!

i
=

Ni � Bi

LC�⇤i (�m)i
(23)

Here mµµ is the di-muon invariant mass; Ni is the total number of events recorded in the i-th mass bin,1228

passing the full event selection criteria; Bi is the expected number of background events passing the1229

selection criteria in the same bin; L is the integrated luminosity, C�⇤i is the total signal e�ciency in1230

the i-th bin, �(m)i is the width of the i-th bin. The use of bin-by-bin correction factors is discussed1231

in Section 5.2, where bin-to-bin migrations are found to be small enough to validate the use of this1232

method, in place of a more complex unfolding strategy. The bin-by-bin correction factor C�⇤ is defined1233

accordingly:1234

C�⇤i =
NMC(reconstructed and selected)i

NMC(generated)i
⇥ hS id

i i ⇥ hS
trig
i i ⇥ hS iso

i i (24)

here, N(reconstructed and selected)i is the number of Monte Carlo signal events reconstructed and1235

passing all selection criteria (including reconstruction and identification, trigger, isolation) within the1236

fiducial acceptance in bin i; N(generated)i is the number of generated events (Monte Carlo truth particles)1237

in the same fiducial acceptance in bin i; and hS reco
i i, hS trig

i i, and hS iso
i i are the bin averaged scale factors1238

for correcting the reconstruction (identification) e�ciency, trigger e�ciency, and isolation e�ciency in1239

bin i respectively (these are described in detail in Section 5.5).1240

Table 26 shows a bin-by-bin breakdown of the systematic uncertainties associated with the cross1241

section measurement, these are summarised in figure 68.1242

Table 26: Bin-by-bin breakdown of the systematic uncertainties for the nominal muon channel measure-
ment. The luminosity error (1.8%) is not included.

Correlated Uncorrelated
mµµ �reco

cor �iso
cor �qcd �e.w. �pT scale �reco

unc �trig �iso
unc �res �MC

[GeV] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
26-31 -0.5 -2.6 -1.1 -0.1 -0.5 0.2 2.5 1.4 0.3 0.8
31-36 -0.5 -2.1 -1.0 -0.1 -0.8 0.2 2.4 1.2 0.1 0.6
36-41 -0.5 -1.5 -0.8 -0.2 -1.0 0.2 2.4 0.9 0.1 0.7
41-46 -0.5 -1.1 -0.8 -0.3 -0.4 0.2 2.4 0.7 0.2 0.8
46-51 -0.5 -0.9 -0.5 -0.4 -0.6 0.2 2.3 0.6 0.3 0.8
51-56 -0.5 -0.7 -0.5 -0.4 -0.0 0.2 2.2 0.5 0.2 0.9
56-61 -0.5 -0.6 -0.5 -0.4 -0.3 0.2 2.1 0.4 0.2 0.8
61-66 -0.5 -0.5 -0.3 -0.3 -0.9 0.2 2.0 0.3 0.2 0.3

The unfolded Born level di↵erential cross section can be seen in Figure 69, with the calculation1243

broken down bin-by-bin in table 27. The corresponding cross section for dressed leptons (Bare leptons1244

with the addition of QED FSR within �R < 0.1) is also calculated and shown in table 27, the details of1245

this correction calculation are in Appendix C.1246

Chapter 9989

The Low Mass Drell-Yan Di↵erential990

Cross-Section991
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Comparisons To Theory

• All three have also had the non-resonant photon induced di-lepton cross-sections included:

• Calculated partonic cross-section for fiducial region

• Calculated at LO with MRST2004QED PDF and added to theory prediction

• ATLAS is the first LHC experiment to include PI production into the theory comparisons 10

• Three comparisons to theory will be made:

• NLO FEWZ (using MSTW2008NLO PDF) 

• NLO+LLPS POWHEG (using 
MSTW2008NLO PDF)

• NNLO FEWZ (using MSTW2008NNLO 
PDF) 

• All three have had NLO electroweak 
corrections applied:

• Using the Gμ scheme

• To correct for EW loop effects, initial 
state QED radiation and initial/final state 
QED interference effects



Conclusions

• An overview of the low mass Drell-Yan measurement has been shown

• concentrating on the 2011 muon measurement.

• Demonstrate a good understanding and control of our multijet background.

• Paper in production, combining all three strands of the analysis.

• Hope to be able to comment if the addition of leading-log parton showers 
to NLO or moving to NNLO improves the agreement with data.
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