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1. Introduction

Motivation
Dataset
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LHCb|[19<y<49

10°F 'GPDs | y| < 2.5

LHCDb probes two x-Q? regions:
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Medium Q2 (10'000 GeV?):
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* Drell-Yan ( y*): x= 10
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1. Introduction

Motivation
Dataset

LHCD Integrated Luminosity at 4 TeV in 2012

2010: 350 ;_ ...................... ..................... ..................... ..................... o Deiivered Lumi 24633150
37.7 pb'1 data recorded 500 —_ ...................... ..................... 444444444444444444444 444444444444444444444 e

250

Integrated Luminosity (1/pb)

2011:
~1.1 fb-! recorded
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150

2012: v
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note: low average no. of interactions (~1.5) due to luminosity levelling
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2. W, Z measurements f:al:u

W—nv
Results

arXiv: 1204.1620 LHCb-PAPER-2012-008, submitted to JHEP

Trigger: < 4soE
Single u, pr > 10 GeV % 200E-
Muon: O 350F
uon. < 300F
pr> 20 GeV 2 5s0F
2.0<n <45 EQm;
150 E-
Z: 100 -
60 < M(uu) <120 GeV so0E
%0 80 100 120
BaCkg rounds: Dimuon invariant mass [GeV/c?]
« ZTT (MC)
» W-pair (MC)
* Top-pair (MC) 2010 data: L = 37 pb™
» Heavy flavour (Data) 1966 candidates
« K/TT misid. (Data) 4.8 background
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2. W, Z measurements

Trigger:
Single e, p; > 15 GeV
Electron:
pr> 20 GeV
2.0<n<4.5
Z.
M(ee) > 40 GeV
Backgrounds:
o« /TT (MC)

* Top-pair (MC)
« QCD (Data)
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Z—pp

Z—ee

W—nv

Results

Events

600 |
- Preliminary
500 F
400 F
300 F

200 F

LHCb-CONF-2012-011

100 |

® Data Ys=7 TeV
[Jzv" —ereMC
- Background (¢"et)

LHCb

40 60 80 100 120

M(e*e) /GeV
2011 data: L = 945 pb-’

21535 candidates
473 background
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Z—pp
2. W, Z measurements Z—ee

W—nv

Results

arXiv: 1204.1620 LHCb-PAPER-2012-008, submitted to JHEP

Trigger:
Single u, pr > 10 GeV

Muon:
pr > 20 GeV
20<n<45
2p; ZE(y) in R=V(An?+A¢?)=0.5 cone around u < 2 GeV
Unbiased impact parameter < 40 um
E/p <0.04
No other u with Py > 2 GeV

2010 data: L = 37 pb"
N, = 14 660
N.=11618

Backgrounds:
Electroweak (W, Z/y)
« QCD (heavy flavour, decay in flight)
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Z—pp
2. W, Z measurements Z—ee

W—nv

Results

Fit muon p; spectrum in data to expected shapes for signal and background,
extract Ny., Ny,.

Shape Source
W —MdV Simulation § 00 u+ ® Data .K:"n—);w w
/ 2 f . D (g (a) — Fit .Z — U
K/1r decay in flight ata = 700 [ ow [W o vazom
SimUIation/Data \rn 600 . Heavy Flavour
=
WoTv , Z>T1T Simulation/Data E 500

Heavy Flavour _ Data 00

Normalisation 200
« Signal and decay in flight: fitted
» Others : data driven methods

20<n" <45 ph [GeVic]

W+ (W-) Purity: 78.8% (78.4% )
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2. W, Z measurements

Z—pp
Z—ee
W—pv

Results

Efficiencies: all determined from data.

Precision: Z—oup  Z—ee W— pv
W+/W-
Statistical 2.2% 0.7% 1.1/1.2%
Luminosity 3.5% 3.5% 3.5%
Systematic 4.3% 3.1% 3.2/2.9
Luminosity[pb] | 37.5 945 37.5

Systematic uncertainties will reduce with more statistics

Dominant sources:
 Efficiencies

* Purity for W analysis
« Z— Jp : limited by efficiency uncertainty (statistical)
« Z— ee , W— pv: luminosity uncertainty
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Z—pp

2. W, Z measurements Z—see
W—pv
Results
arXiv: 1204.1620
o LHCb-CONF-2012-011
NNLO (DYNNLO) PDF uncertainties at 68% CL LHCb-CONF-2011-041
LHCb Preliminary, Ys=7TeV O MSTW08 ¥ NNPDF2I p =20 GeVic
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Z—pp
2. W, Z measurements Z—ee

W—pv
Results

arXiv: 1204.1620

LHCb-CONF-2012-011
— 80
'.é - LHCb Preliminary, ¥s=7TeV
[\%‘ 0 Data” ”** o MSTWOS
— S ST, T 2l Mg 10
== 60 Dat"ll'm ABKMO09
T =  paa’* & JRO9
N - u l
o 50 mm"m Data’ ™ * © NNPDF2I
- E * HERAIS
40 = + CTEQ6M (NLO)
30
—:g o 4 % %
20 E p! >20 GeVic
10 - 2.0<n'<4.5
E 60 <M, < 120 GeV/c’
() I_I 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 IO lD lﬂ U‘I ol -

2 2.5 3 3.5 4 4.5
Z—>uu, Z—ee results consistent with each other and NNLO
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Z—pp

2. W, Z measurements Z—see
W—pv
Results
arXiv: 1204.1620
LHCb, ys=7TeV o MSTWO08 * NNPDF2I pl > 20 GeVie
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.l....l....l....rl....rl....'l..cy)uu[pb] Z9
65 70 75 80 85 90 aade Uy
b—o'—_in_‘
. e w—
! :
1 ] e eI GW'uv[p] W"'%M«v
700 750 800 850 900 950 T
;. N
Ao R e
1 1 I 1 1 1 1 I 1 1 1 1 I 1L 1 1 1 l 1 1 1 1 I 1 1 1 G r= X T b -%
550 600 650 700 750 w o wv [PP] W uv
—a—
[ ——t e
——
| E——————— 0
L 1 1 L l 1 L L L I 1 L L 1 l L L L L l L 1 L L l 1 \\r ')_u\' W+IW-
1.1 1.2 1.3 1.4 1.5 Ow o uw
—0—
—t ey
—— + _
Ll l L L Ll l L L Ll l L 1 1 L l L L L L I L 1 L l,_‘l‘_‘l L Ll l L L Ll l L 0\\' )u_\r 0“’ )]_1'\7 WIZ
16 17 18 19 20 21 22 23 S,
———
—t— 0
. ..., BB L Wy W+/Z
9 10 11 12 GZ yuu
—— ——
—_—
— Ow ,uv W'IZ
2 e o 1. . . .1, ., ., ! .. .. :
7 7.5 8 8.5 9 9.5 10 Oz 5 uu

LHC electroweak workshop May 2012 Tara Shears, University of Liverpool 12



Z—pp

2. W, Z measurements Z—ee
W—pv
Results
arXiv: 1204.1620
LHCb, ¥s = 7 TeV = 2F
L Ys=7TeV - > eV
T | " o 1 gE- '{ . P~ 20 GeVic
Data"’ o MSTWO08 - _o_% H{
: : o ABKMO09 1,6:— — fﬁ{{
& JRO9 1 4E —o—
¥ © NNPDF21 1 25
’ ﬁERA” .15_ LHCb, ¥5 =7 TeV f{”i
+ CTEQ6M (NLO) - Data_, o MSTWO8
0.8 F- Daia, o ABKM09 5
0.6 “ JRO9 it
5 * NNPDF21
0'45 + HERAIS ‘éf!H
0.2 = + CTEQ6M (NLO)
O L , . 1 N R . . | f 1 N ) 1 1 1 1 1 | 1 1
0 | 2 3 4
Tl“

Differential W+ and W- cross-sections as a function of muon n
Ratio of W+ to W- production as a function of muon n

(note: full correlation matrix available for W+,W-,Z results)
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Z—pp
2. W, Z measurements Z—ee

W—pv
Results

arXiv: 1204.1620
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Selection
Results

3. Low mass Drell-Yan

Trigger:
Di- u, pr > 2.5 GeV
Muon:
pT >3 GeVic, p > 10 GeV/c
20<nu<4.5
Y
5< M(up) < 120 GeV
Backgrounds:
* Heavy flavour (Data)
« K/11 misid. (Data)

- Radiative tail of Upsilon (M<10 GeV/c?)

LHC electroweak workshop May 2012

LHCb-CONF-2012-013

2010 data: L = 37 pb”
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Selection
Results

3. Low mass Drell-Yan

Fit minimum muon isolation (p(u )/p+(u« -Jet)) in data to shapes expected for signal and
background, extract Nsig

LHCb pre'Iimina'ry

10.5 <M < 20.0 GeV/c? 20<y<4.5 —— 2010 data
42 1600 LHCb preliminary =¢§ [ Drell-Yan Mass [GeV/c?] Purity [%]
—g 1400 —— 2010 data - 3 |:| Upsilon 5-7.5 6.8
: 1200 % P[-)i:l"v-:::avour —E D Heavy Flavour 7.5-9 9.0
000k, ) Hadron misid ] [ Hadron mis-id 10.5-12.5 14.9
12.5-15 20.4
800 15-20 32.1
600 20-30 54.9
400 30-40 70.5
200 40-60 91.4
0 60-120 100

0 0.5 1
Minimum muon isolation

Efficiencies determined from data.
Main systematic errors: (low masses) shapes used for template fit 24%,
efficiencies.
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Selection
3. Low mass Drell-Yan Results

LHCb-CONF-2012-013
“” 10: = ] LHCb Preliminary, ¥s =7 TeV
2 = g
> = Data
6 B 7 } Dmam
= - LO PYTHIA (CTEQSL)
a 10 i
o = o NLO FEWZ (MSTWO08)
= g
zi — T 4 NLODYNNLO (MSTWOS)
= B 20< " < 9 =z
= 1 2U0=<n < 4.5 o P
= — .
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> | . . |
s
= z
> 1 fedodegetepieig e e
N ;
2 05 |
P - 'l 1 l

|
10 . . . ]0: 2
Dimuon invariant mass [GeV/c]

Differential cross-section as function of Muu (9 bins), cf. Pythia, FEWZ, DYNNLO
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3. Low mass Drell-Yan

.r,*
d cﬁ(*_)w/dy [pb]
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Y= 10 GeV/ic
_‘I‘_ >3 GeV/c
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LHCb Preliminary, ¥s=7TeV

Data

Data

LO PYTHIA (CTEQSL)

NLO FEWZ (MSTW08)
NLO FEWZ (NNPDF20)
NLO FEWZ (CTEQ66)

S

Differential cross-section as function of yuu, for two mass regions.
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4. Outlook

2011 data:

 Update W, Z cross-sections in muon final states
» Expect stat. error reduced by factor 5
« Expect sys. error reduced (theory: understanding W Py)

« Update Z-> tt, adding hadronic tau decay modes
 Update DY
* do/dMdy below M,
* Add do/dM above M,
* First Z+jet production measurements
o [+b, Z+c, W+b, W+c
* Ass

2012 data:

« As above.

Note: stable running conditions; no changes to thresholds foreseen.
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5. Conclusions

Most recent LHCb electroweak measurements
presented:

W—uv, Z—uu:
In agreement with NNLO predictions

Z—ee:
First measurement, in agreement with NNLO

Low mass Drell Yan:
First measurement, for Muu > 5 GeV
In agreement with NLO (where predictions available).
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Backup
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Z selection
W selection

Efficiencies

Systematic errors

Results
Source Aﬁz > 0L ( ".»j; ) A(TH' - apty ( y/A ) .A(Tn' ML | ,‘;‘;: )
Signal purity +0.1 +1.2 +0.9
Template shape (fit) +0.9 +1.0
Efficiency (trigger, tracking, muon id) +4.3 +2.2 +2.0
Additional selection +1.8 +1.7
FSR correction +0.02 +0.01 +0.02
Total +4.3 +3.2 +2.9
Luminosity +3.5 +3.5 +3.5
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