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Drell-Yan Process and Forward-Backward Asymmetry (AFB)

The Drell-Yan Process

The production of ll pairs in
pp−collisions is described by the
s−channel exchange of γ?Z

Theoretical calculations established up to NNLO order

Comparison of Data and MC provide tests of SM and constraints on evaluation PDFs

DY is a major background for t̄t and diboson measurements as well as for searches for
new physics (high mass dilepton resonances)

Measurements are done at
√

s = 8 TeV on CMS data corresponding to 19.7 fb−1 of
data

Vector and axial-vector coupling of elecroweak bosons to fermions results in AFB in the
number of Drell-Yan leptons pairs:

AFB =
σF − σB

σF + σB

(1)

σF ± σB = [

∫ 1

0
±

∫ 0

−1
]
dσ(qq̄→ l̄l)

d cos θ?
d cos θ? (2)

where θ? is the angle between the outgoing negative muon and quark in the dimuon
rest frame.

Deviations from the SM prediction for AFB may indicate the existence of BSM Physics
(new neutral gauge bosons etc.)

Measurement of AFB can also improve QCD measurements, constrain PDFs and
provide precise measurement of sin2 θW

Acceptance, efficiency, and acceptance-efficiency with CMS
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AFB Behaviour for different Z′ models

Differential and Double-differential Drell-Yan Cross Sections

Data vs MC Comparison for 1D

En
tri

es
 p

er
 b

in

1

10

210

310

410

510

610

710
  data

µµ→*/Zγ
ττ→*/Zγ

  EW
Wt+tW+t  t

  QCD

CMS
 (8 TeV)-119.7 fb

)  [GeV]µµm(

D
at

a/
M

C

0.5
1

1.5

20 50 100 200 500 1000 2000

En
tri

es
 p

er
 b

in

1

10

210

310

410

510

610

710
  data

 ee→*/Zγ
ττ→*/Zγ

  EW
Wt+tW+t  t

  QCD

CMS
 (8 TeV)-119.7 fb

m(ee)  [GeV]

D
at

a/
M

C

0.5
1

1.5

20 50 100 200 500 1000 2000

Absolute Cross Section and Double Ratio in 1D
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Absolute Cross Section for 2D
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Double ratio measurement for 2D
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Measurement of AFB at CMS

Collins-Soper Frame

To reduce uncertainties due to the transverse momentum of the incoming
quarks Collins-Soper frame is used. In this frame, θ? is defined to be the
angle between the muon momentum and a z′ axis that bisects the angle
between q and q̄ and the angle θ? is given by using quantities measured in
the lab frame:

cos θ? =
2(P+

1 P−2 − P−1 P+
2 )√

Q2(Q2 + Q2
T)

(3)

where Q and QT are the four-momentum and the transverse momentum of
the di-muon system, P±i = 2−1/2(P0

i ± P3
i ), i = 1 for µ and i = 2 for

µ̄. Backgrounds

The main source of backgrounds are: for the low mass region Z→ ττ ,
QCD dijets and t̄t for the high mass region.
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*
CSθcos

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Ev
en

ts
 / 

0.
1

0

5000

10000

15000
Preliminary CMS  = 8 TeVs at -1L = 19.7 fb

 ) <60 GeV, |y| < 2.4-µ+µ50 < M( )-µ+µ→Data (Z
POWHEG
Background

*
CSθcos

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Ev
en

ts
 / 

0.
1

0

500

1000

1500

2000

Preliminary CMS  = 8 TeVs at -1L = 19.7 fb

) < 150 GeV, |y| < 2.4-µ+µ133 < M( )-µ+µ→Data (Z
POWHEG
Background

Combined AFB Measurement
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sin2 θw = 0.228± 0.0077(stat)± 0.0036(syst.) (Phys. ReV. D 84, 112002(2011)), CMS-PAS-SMP-14-004
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