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Drell-Yan processes at the LHC
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At the LHC with 10 fb~* of data:
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Drell-Yan processes at the LHC

» Standard candles for hadronic
high-energy colliders
- > Luminosity monitor
b » Detector calibration
» Constrain quark PDFs

v/ Z
" » Important background, e.g. for
' I+ W’- and Z’-boson searches

” » Precision measurements with
W and Z bosons
» W-mass measurement
» Z-pole observables:
Effective weak mixing angle
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NC Drell-Yan process

Born
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Max Huber (MPP)

NLO EW and QCD corrections

all photon-induced channels including EW corrections to vy — =1+
leading higher order corrections

NLO EW and QCD corrections within the MSSM
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Di-lepton invariant-mass distribution
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Di-lepton invariant-mass distribution

do/dMy 0: photon induced and higher order
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Forward-backward asymmetry
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Forward-backward asymmetry
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Precision physics with the NC Drell-Yan process

» similar to LEP/SLC eTe™ — ff,
but more involved due to PDF
convolution

P » LEP/SLC: very high precision
reached

M2 » LEP measurements used as
input, e.g. Mz and I'y, for
v detector calibration

) » But: Can LHC measurements
of effective weak mixing angle
sin® 6! and effective couplings
improve/complement earlier
measurments?
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Electroweak precision physics at LEP/SLD
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Electroweak precision physics at LEP/SLC

Measurement Fit  |omeas-Qft|gmeas
0.1 2 3
m, [GeV] 91.1875+0.0021 91.1874
r,[Gev] 2495200023 2.4959 m
00 [nb] 41540 +0.037 41479 mem—m
R, 20.767£0.025  20.742 fm—
AY 0.01714 +0.00095 0.01645 |mmm
AP 0.1465+0.0032  0.1481 jmm
Ry 0.21629 £ 0.00066 0.21579
R, 0.1721+0.0030  0.1723
AL 0.0992+0.0016  0.1038 |——
AYC 0.0707£0.0035  0.0742
A, 0.923 +0.020 0.935 mm
A, 0.670 +0.027 0.668
A(SLD) 0.1513+0.0021  0.1481
sin?6P'(Q,,) 0.2324+£0.0012  0.2314 |memm
m, [GeV]  80.399+0.023  80.379 fmmm
FwlGeVv]  2.085+0.042 2.002 p
m, [GeV] 1733+ 1.1 173.4
July 2010 0 1 2 3

» not “realistic” observables, but
pseudo observables related to
realistic observables some
unfolding/deconvolution
procedure

» remove QED/QCD effects as
well as SM backgrounds

» weak and possible BSM effects
remain

Oreal. _ HQED/QCD ® Opseudo

Max Huber (MPP) NC Drell-Yan process IMPRS PPSC 8/16



Electroweak precision physics at LEP/SLD

At the resonance: virtual self-energy and vertex corrections
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Improved Born approximation:
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Forward-backward asymmetry at LEP
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Effective weak mixing angle and App

Effective weak mixing angle
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Effective weak mixing angle and App

Effective weak mixing angle

Pole forward-backward asymmetry

Asymmetry parameter

sin? 0%
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Effective weak mixing angle and App

Effective weak mixing angle
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Z-pole observables at the LHC

Improved Born approximation:
aPAPLP) =Y, [y daydzs fi(z) fi(z2) 618 @ (1 4 6P 4 69CP)

» use IBA for partonic
cross section

» convolution with QED 15!
and QCD corrections

» fold with PDF
» neglects non-resonant

qq contributions: boxes,
etc. 2

» neglects photon-induced
initial states
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Effective weak mixing angle and App at the LHC

Improved Born approximation:
o'BA(PL, Py) = Ezg fol deides fi(21) fi(wa) 617 @ (140900 +69¢P)
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result ol

» extract effective mixing —002}
angle from NLO “data” ~0.04
using the IBA 0.01
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Effective weak mixing angle: uncertainties

Statistical uncertainty:
For sin? 0! close to 1/4 = 0.0130

ABR -

b(a — sin®0lg)

0.0125 F

a =0.249(1)
0.0120 |

AFE

00115 |
LHC /5 = 14GeV

0110 L L L L L L
0.2310 0.2312 0.2314 0.2316 0.2318 0.2320 0.2322 0.2324
sin? Héﬂ

Max Huber (MPP) NC Drell-Yan process



Effective weak mixing angle: uncertainties

Statistical uncertainty:
For sin” 0 close to 1/4 = 0.0130

ABA
ba — sin® L)

0.0125 F
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0.0120 | b=10.70(7)
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For the LHC with /s = 14 TeV and 100 fb~! of data:

stat

5sin®0lg|"" ~ 2.4 %1074
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Effective weak mixing angle: uncertainties

PDF uncertainty:

For sin? ' close to 1/4 = 0.015
0.014 LHC /s = 14 GeV
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Effective weak mixing angle: uncertainties

PDF uncertainty:

2
For sin® 0! close to 1/4 = 0.015 = —
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For the LHC with /s = 14 TeV:
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Effective weak mixing angle: Summary

» Current world average: sin” f.; = 0.23149 £ 0.00013

PDG 08 — 0.23149 + 0.00013 [38]
Ay e 0.2310 + 0.0005 [11]
AP) - 0.2316 + 0.0004 [11]
A/(SLD) = 02310 0.0003 [11]
AP - 0.2322 + 0.0003 [11]
Ape e~ 0.2322+0.0008 [11]
Qe —e—  0.2324+0.0012[11]

[R— ) 0.2238 £ 0.0050 [36]
Ay (DO)  ——e——0.2327 £ 0.0019 [37)

L | | | ]
0.22 0.225 0.23 0.235 0.24
sin? 6"
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Effective weak mixing angle: Summary

» Current world average: sin” f.; = 0.23149 £ 0.00013

» Conservative uncertainty estimate for LHC

PDG 08 — 0.23149 £ 0.00013 [38]
Ay e 0.2310 + 0.0005 [11]
. stat —
> 0 Sln2 Géﬂ ’ ~ 2.4 x 10 4 AP) o 0.2316 £ 0.0004 [11]
A/(SLD) = 02310+ 0.0003 [11]
.. 2 |PDF —4 ob
> §sin aeff ’ ~8x 10 A2 - 0.2322 £ 0.0003 [11]
Ape e~ 0.2322+0.0008 [11]
.. 2. |IBA 4 Qrad —e—  0.2324+0.0012[11]
> &sin’® Olg| ~ 0.6 x 10 g
[R— ) 0.2238 + 0.0050 [36]

Ay (DO) ——e——0.2327 £ 0.0019 [37]
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Conclusions

State-of-the-art NC Drell-Yan calculation presented
Pseudo-observables

Electroweak precision measurements possible at the LHC

In particular, forward-backward asymmetry useful for a precision
determination of effective weak mixing angle

vV v vvY
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