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Drell–Yan processes at the LHC
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At the LHC with 10 fb−1 of data:

◮ ∼ 2 · 10 fb−1 · 20 nb = 2 · 200 · 106 W± events
◮ ∼ 10 fb−1 · 2 nb = 20 · 106 Z events
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Drell–Yan processes at the LHC
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◮ Standard candles for hadronic
high-energy colliders

◮ Luminosity monitor
◮ Detector calibration
◮ Constrain quark PDFs

◮ Important background, e.g. for
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
Bornq�q l�l+
=Z 

 l�l l+ 
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Weak, e.g.q q ll
=Z Zll dd l l
=ZW uu dd l l
=Zu WWqq llq ZZ l dd llu WW �l bb l l
=Zt WG
γγ NLO, e.g.

 l�l+lWW �l 

 l�l+W WW �l 

 l�l+
ll

[Dittmaier,Huber, JHEP 01, (2010) 060]
◮ NLO EW and QCD corrections
◮ all photon-induced channels including EW corrections to γγ → l−l+

◮ leading higher order corrections
◮ NLO EW and QCD corrections within the MSSM

Max Huber (MPP) NC Drell–Yan process IMPRS PPSC 3 / 16



Di-lepton invariant-mass distribution

dσ/dMll

Æ

Æq=�q
;photÆh:o:weakÆ�+��multi�

Mll[ GeV℄

Æ[%℄
20001800160014001200100080060040020050

543210�1�2�3�4�5

ÆQCDÆq�q;weakÆre
q�q;photÆ�+��q�q;phot

Mll[ GeV℄
Æ[%℄

20001800160014001200100080060040020050

302520151050�5�10�15

�NLO;re
�NLO�LO

Mll[ GeV℄
d�=dM ll[pb=
GeV℄

20001800160014001200100080060040020050

1001010:10:010:00110�410�510�610�7

Æ

Æq=�q
;photÆh:o:weakÆ�+��multi�

Mll[ GeV℄

Æ[%℄
1501401301201101009080706050

43210�1�2�3�4�5�6

ÆQCD=10Æq�q;weakÆre
q�q;phot=10Æ�+��q�q;phot=10

Mll[ GeV℄
Æ[%℄

1501401301201101009080706050

1086420�2�4�6

�NLO;re
�NLO�LO

Mll[ GeV℄
d�=dM ll[pb=
GeV℄

1501401301201101009080706050

10001001010:10:01

δ: NLO

Æ

Æq=�q
;photÆh:o:weakÆ�+��multi�

Mll[ GeV℄

Æ[%℄
20001800160014001200100080060040020050

543210�1�2�3�4�5

ÆQCDÆq�q;weakÆre
q�q;photÆ�+��q�q;phot

Mll[ GeV℄
Æ[%℄

20001800160014001200100080060040020050

302520151050�5�10�15

�NLO;re
�NLO�LO

Mll[ GeV℄
d�=dM ll[pb=
GeV℄

20001800160014001200100080060040020050

1001010:10:010:00110�410�510�610�7

Æ

Æq=�q
;photÆh:o:weakÆ�+��multi�

Mll[ GeV℄

Æ[%℄
1501401301201101009080706050

43210�1�2�3�4�5�6

ÆQCD=10Æq�q;weakÆre
q�q;phot=10Æ�+��q�q;phot=10

Mll[ GeV℄
Æ[%℄

1501401301201101009080706050

1086420�2�4�6

�NLO;re
�NLO�LO

Mll[ GeV℄
d�=dM ll[pb=
GeV℄

1501401301201101009080706050

10001001010:10:01

Mll > 50GeV pT,l± > 25GeV |yl± | < 2.5
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Di-lepton invariant-mass distribution

dσ/dMll
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δ: photon induced and higher order
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Forward-backward asymmetry

AFB
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with the Collins–Soper angle θ∗
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Forward-backward asymmetry

AFB

�Aq=�q
;photFB�A

FB�Ah:o:weakFB�Amulti�
FBjyllj > 1

Mll[ GeV℄
�A FB

20001800160014001200100080060040020050

0:0150:010:0050�0:005�0:01�0:015

�AQCDFB�Aq�q;weakFB�Aq�q;phot;re
FB�Aq�q;photFBjyllj > 1

Mll[ GeV℄
�A FB

20001800160014001200100080060040020050

0:030:020:010�0:01�0:02�0:03�0:04

ANLO;re
FBANLOFBALOFB
jyllj > 1

Mll[ GeV℄
A FB

20001800160014001200100080060040020050

0:60:50:40:30:20:10�0:1

�Aq=�q
;photFB�A

FB�Ah:o:weakFB�Amulti�
FBjyllj > 1

Mll[ GeV℄
�A FB

1501401301201101009080706050

0:0060:0040:0020�0:002�0:004

�AQCDFB�Aq�q;weakFB�Aq�q;phot;re
FB�Aq�q;photFBjyllj > 1

Mll[ GeV℄
�A FB

1501401301201101009080706050

0:10:080:060:040:020�0:02

ANLO;re
FBANLOFBALOFB
jyllj > 1

Mll[ GeV℄
A FB

1501401301201101009080706050

0:20:150:10:050�0:05�0:1�0:15�0:2

∆: photon induced and higher order
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Precision physics with the NC Drell–Yan process
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γ / Z
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◮ similar to LEP/SLC e+e− → f f̄ ,
but more involved due to PDF
convolution

◮ LEP/SLC: very high precision
reached

◮ LEP measurements used as
input, e.g. MZ and ΓZ for
detector calibration

◮ But: Can LHC measurements
of effective weak mixing angle
sin2 θleff 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−Ofit|/σmeas

0 1 2 3

0 1 2 3

∆αhad(mZ)∆α(5) 0.02758 ± 0.00035 0.02768

mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874

ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4959

σhad [nb]σ0 41.540 ± 0.037 41.479

RlRl 20.767 ± 0.025 20.742

AfbA0,l 0.01714 ± 0.00095 0.01645

Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1481

RbRb 0.21629 ± 0.00066 0.21579

RcRc 0.1721 ± 0.0030 0.1723

AfbA0,b 0.0992 ± 0.0016 0.1038

AfbA0,c 0.0707 ± 0.0035 0.0742

AbAb 0.923 ± 0.020 0.935

AcAc 0.670 ± 0.027 0.668

Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1481

sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314

mW [GeV]mW [GeV] 80.399 ± 0.023 80.379

ΓW [GeV]ΓW [GeV] 2.085 ± 0.042 2.092

mt [GeV]mt [GeV] 173.3 ± 1.1 173.4

July 2010

◮ 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
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Electroweak precision physics at LEP/SLD
At the resonance: virtual self-energy and vertex corrections
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Forward-backward asymmetry at LEP
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∫
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Effective weak mixing angle and AFB

Effective weak mixing angle

4|Qf | sin2 θfeff = 1−
Re

[

Gf
V

]

Re
[

Gf
A

]
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Effective weak mixing angle and AFB

Effective weak mixing angle

4|Qf | sin2 θfeff = 1−
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Effective weak mixing angle and AFB

Effective weak mixing angle
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July 2010

*preliminary
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Z-pole observables at the LHC

Improved Born approximation:

σIBA(P1, P2) =
∑

i,j

∫ 1

0
dx1dx2 fi(x1) fj(x2) σ̂IBA

ij ⊗ (1 + δQED + δQCD)

◮ use IBA for partonic
cross section

◮ convolution with QED
and QCD corrections

◮ fold with PDF
◮ neglects non-resonant

qq̄ contributions: boxes,
etc.

◮ neglects photon-induced
initial states

fi(x1)

fj(x2)P2

P1 l�

x2 P2
x1 P1

l+
�̂IBAij 
 (1 + ÆQED + ÆQCD)
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Effective weak mixing angle and AFB at the LHC

Improved Born approximation:

σIBA(P1, P2) =
∑

i,j

∫ 1

0
dx1dx2 fi(x1) fj(x2) σ̂IBA

ij ⊗ (1 + δQED + δQCD)

◮ direct comparison
between NLO and IBA
result

◮ extract effective mixing
angle from NLO “data”
using the IBA

➨ δsin2 θleff
∣

∣

IBA≈0.6× 10−4 � Mll[ GeV℄
� 1051009590858075

0:010:0050�0:005�0:01

ANLOFBAIBAFBA FB
0:10:080:060:040:020�0:02�0:04
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Effective weak mixing angle: uncertainties

For sin2 θleff close to 1/4 ⇒

linear approximation:

AFB ≈ b(a− sin2 θleff)

δ sin2 θleff =
δAFB

b

Statistical uncertainty: b(a� sin2 �le�)AIBAFB
LHC ps = 14GeV

a = 0:249(1)b = 0:70(7)
sin2 �le�

A FB
0:23240:23220:23200:23180:23160:23140:23120:2310

0:01300:01250:01200:01150:0110

b(a� sin2 �le�)AIBAFB
LHC ps = 7GeV a = 0:249(1)b = 1:14(8)A FB

0:02200:02150:02100:02050:02000:01950:0190

b(a� sin2 �le�)AIBAFB
Tevatron a = 0:24785(5)b = 4:40(1)A FB

0:07400:07300:07200:07100:07000:06900:0680
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Effective weak mixing angle: uncertainties

For sin2 θleff close to 1/4 ⇒

linear approximation:

AFB ≈ b(a− sin2 θleff)

δ sin2 θleff =
δAFB

b

Statistical uncertainty: b(a� sin2 �le�)AIBAFB
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Tevatron a = 0:24785(5)b = 4:40(1)A FB

0:07400:07300:07200:07100:07000:06900:0680

For the LHC with
√
s = 14TeV and 100 fb−1 of data:

δ sin2 θleff
∣

∣

stat ≈ 2.4× 10−4
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Effective weak mixing angle: uncertainties

For sin2 θleff close to 1/4 ⇒

linear approximation:

AFB ≈ b(a− sin2 θleff)

δ sin2 θleff =
δAFB

b

PDF uncertainty:

4035302520151051

0:0150:0140:0130:0120:0110:0100:009
AFB;iAFB;
entralLHC ps = 14GeV

i
A FB

0:0220:0210:0200:0190:0180:0170:016
AFB;iAFB;
entralLHC ps = 7GeVA FB

0:0780:0770:0760:0750:0740:0730:072
AFB;iAFB;
entralTevatronA FB

δAFB

∣

∣

PDF
=

1

2

√

√

√

√

N
∑

i=1

(

A+
FB,i −A−

FB,i

)2
MTSW2008 PDF
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Effective weak mixing angle: uncertainties

For sin2 θleff close to 1/4 ⇒

linear approximation:

AFB ≈ b(a− sin2 θleff)

δ sin2 θleff =
δAFB

b

PDF uncertainty:

4035302520151051

0:0150:0140:0130:0120:0110:0100:009
AFB;iAFB;
entralLHC ps = 14GeV

i
A FB

0:0220:0210:0200:0190:0180:0170:016
AFB;iAFB;
entralLHC ps = 7GeVA FB

0:0780:0770:0760:0750:0740:0730:072
AFB;iAFB;
entralTevatronA FB

For the LHC with
√
s = 14TeV:

δ sin2 θleff
∣

∣

PDF ≈ 8× 10−4
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Effective weak mixing angle: Summary

eff
leptθ 2sin

0.22 0.225 0.23 0.235 0.24

PDG ’08  0.00013 [38]±0.23149 

0, l
fbA  0.0005 [11]±0.2310 

)τ(PlA  0.0004 [11]±0.2316 

 (SLD)lA  0.0003 [11]±0.2310 

0, b
fbA  0.0003 [11]±0.2322 

0, c
fbA  0.0008 [11]±0.2322 

had
fbQ  0.0012 [11]±0.2324 

 (CDF)fbA  0.0050 [36]±0.2238 

 (D0)fbA  0.0019 [37]±0.2327 

◮ Current world average: sin2 θleff = 0.23149± 0.00013
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Effective weak mixing angle: Summary

eff
leptθ 2sin

0.22 0.225 0.23 0.235 0.24

PDG ’08  0.00013 [38]±0.23149 

0, l
fbA  0.0005 [11]±0.2310 

)τ(PlA  0.0004 [11]±0.2316 

 (SLD)lA  0.0003 [11]±0.2310 

0, b
fbA  0.0003 [11]±0.2322 

0, c
fbA  0.0008 [11]±0.2322 

had
fbQ  0.0012 [11]±0.2324 

 (CDF)fbA  0.0050 [36]±0.2238 

 (D0)fbA  0.0019 [37]±0.2327 

◮ Current world average: sin2 θleff = 0.23149± 0.00013

◮ Conservative uncertainty estimate for LHC

◮ δ sin
2
θ
l

eff

∣

∣

stat
≈ 2.4× 10

−4

◮ δ sin
2
θ
l

eff

∣

∣

PDF
≈ 8× 10

−4

◮ δ sin
2
θ
l

eff

∣

∣

IBA
≈ 0.6 × 10

−4
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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
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