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Introduction LHCDb a forward spectrometer

Designed to look at CP violation in 14 TeV pp collisions at the LHC in B decays
Fully instrumented within 1.9 < n < 4.9
Overlap with Atlas/CMS: 1.9< n< 2.5 unique to LHCb: 2.5 < n <£4.9
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Luminosity:
2010: 37.7 pb-! on tape, 16.5 = 1.7 pb-! this analysis
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Introduction LHCb: W and Z production

Uncertainty from parton density
functions (PDF)

10°[
Experiment Bheithll

e Z->uu, W->vu: clean signature

* easily recontructable final state Z

* l[ow statistical and systematic errors ; we
o

Theoretical predictions
* Cross-sections known to NNLO to 1%
* PDF uncertainty dominates

at large rapidities

1% aty <2, 6-8% at y~5

T

percentage uncertainty (%)

— Cross section measurement at LHCb 1}
can constrain PDFs at large y [
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Introduction Ratios

Cancel or highlight PDF uncertainties
with ratios

R, =do(W")/do(W")
tests valence quarks: d,/u, ratio

« A, =(do(W*")-da(W))/(do(W)+da(W"))
tests valence quarks: difference
btw. u, and d,

% pdf uncertainty

* R, =do(W™)/do(2Z)
almost insensitive to PDFs

« and: many systematic errors cancel
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Introduction LHCb: kinematic reach

s . X, Q% explored by previous x, Q2 explored by LHCb
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Low X region so far only LHCb probes two distinct regions (x,Q?)
probed by HERA low x region previously unexplored

Q*=M?  x ,=(M/Vs) exp(zy)
Z, W: x of 104, 10-1
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Cross-sections Z — U selection

Z mass peak

Trigger: Single p, p; > 10 GeV - 120

Muon: two good muons - - + LHCb preliminary
2.0<y 4.5 -
Z: 81 < M(up) < 101 GeV 80—
Events N_ = 833 su:—
Background: o
Z->TT 0.2 (MO a0l
Heavy flavour ~1 (Data) -
K/t misid. <0.03 (Data) 0 e T Ee.~ e e
N 12412 Invarlant Mass (GeV)
Bk z z
] _ Ntot_kag
Cross-section Oy uu— 21

€’ Acceptance and efficiencies (trigger, muon identification, track, selection)
Acceptance = 1 in given kinematical range
Efficiencies estimated from data
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Cross-sections Z candidate

-z view (Radius=z)

3d view (xyz)
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Cross-sections W - pv selection

Trigger: Single y, p; > 10 GeV

Muon: one good track
p; > 20 GeV, 2.0 < n, < 4.5

Impact parameter sign. < 2
Isolation p;in cone around p < 2 GeV

(cone: R=+/(Ap?+An?)=0.5)
Rest of event: Mass < 20 GeV

p;r < 10 GeV
Candidates: N,, = 7624
N, _ = 5732

Background: Z - pp (1 p in acceptance)
Z - 11 (data+simulation)
W- 1V (simulation)
QCD bkground (data+simulation)

Selection efficiency:
€, =>550=1.0%

from data, using Z events
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Cross-sections W selection efficiency and purity

Mass in rest of event in lab frame

- Define
s LHCb preliminary * Background: anti cuts
o + ip sig > 4
_ _ Pone > 2 CeV
ok - W 5|mulat|(_)n oS 40 GeV
}L - pseudoW sim. rest
! * pseudo-W data Pt > > GeV

*° - background signal very much supressed in this region

* Pseudo-W events: Z events with

20 one muon removed

O B e et Use these event samples to
estimate selection efficiency and

purity

* Simulation: pseudo-W shape can be used to describe W
e Data: pseudo-W shape described by simulation

* Data: background and signal shapes look different

* Define cuts —»efficiency from data

» Get purity by fit to templates
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Cross-sections

Impact parameter sign.

W selection efficiency and purity

Mass in rest of event
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p. in cone around muon

Selection efficiency for W
€, =550x1.0%
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Cross-sections

Single muon trigger p_> 10 GeV

Efficiency is flat in n, o, p;.

No evidence for charge bias

Ey =72
€, =860
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Cross-sections Track finding efficiency

Method: tag and probe in Z sample Reconsirucied i
Tag: identified muon track \ :
Probe: rough trajectory from muon and /_\;(\ |

minimal tracking information = 474 |

M2 s

Add TT hits Reconstructed NS
1.06p T T —p— R : Muon stubs
€ i .
0.95)- :—T—WT E
0.9 ! E o _ . .
i _|—+ +{ J( Efficiency flat in @, p; two regions in n
= ' -
D.?:E:. i - o
07t a) 1 LHCb preliminary: Ews= 73 % 3%
0651 : = Ey .= 78 + 3%
0.6 ' . L .
2 : : N e, =83+ 3%

(+, - different average efficiency due to
different n distribution)
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Cross-sections Muon Identification Efficiency

Reconstructed —
Muonstub

Method: tag and probe in Z sample I N
Tag: identified muon i
Probe: identified track

Y

Reconstructed/"

Long Tracks 7T

€+ |- u . =LA
T
0.95|- | Efficiency flat in o,n, p;
_ No evidence of charge bias

0.9 * data

- * simulation
0.85— °

98.2 + 0.5%
96.5

£
£ + 0.7%

W
z

0.

L]

~LHCb preliminary

2 25 3 a5 4 a5
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Results Z Cross section

Z Z
Ntot_kag
Z
€' L

O_Z—wu:

2<nu<4.5, 81<Mw<101 GeV
N, 833
bk 1.2+1.2
€ g 0.86+0.01
€. 0.83+0.03
€ . 0.97+0.01
€., 1.0
A 1.0
€, 0.69+0.03
L 16.5+1.7 pb ™!
g, 73+4+7pb
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Differential cross-section (pb)
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PDF uncertainty

16.5 pbt Vs=7 TeV

2.5

.January 11

35 Y
Z rapidity

14



Cross-sections W analysis: signal fraction

Fit muon p; spectrum in data to expected shapes
for signal and background, extract Ny, ., Ny,
Perform fit in n-bins for differential results

>

S1000~ M~ T op+

d Npgr = 2194 + 150
= LHCb preliminary

> 800f 16.5pbt

g i Nyo. = 1654 + 150
é 600

400

200 - Z >pp (sim)

T (fixed and scaled to W)
- QCD background (fit)
- W+ /-: fit (shape from MC)

20 30 40 50 6020 30 40 50 60
Lepton transverse momentum (GeV)
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Results W cross section

+ + - -
oW s pvy)-oW - uv,)
M + + - -
oW —-puvy)toWw - uv,)
2<y<4.5 W+ W-
_ W+ W- Asymmetry
Weand 7624 5723 E,E 0.4l LHCb preliminary MCFM
W-Tv 151 90 33 a NLO+MSTWO08
£>TT 2 2 S5 | PDF uncertaint
Z=Hu 460 >06 Bo—1  ° 16.5 pb ¥or Tev
QCD 2194+150 1654+150 LA =P
N, 4817165 3480+161 o :
€ 0.73+0.03 020 +
€ 0.73+0.03 0.78+0.03 -
€ 0.982+0.005 04l
€, 0.55+0.01 B
A 1.0 06
€, 0.29+0.01 0.31+0.01 L | | | |
_ 2 25 3 3.5 4 4.5
L pb ! 16.5+1.7 Lepton Pseudorapidity
o, [pb] 1007+48+100 682+40+68

Sensitivity to low x quark content of the protons at high Q?
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Results Comparison with predictions

Compare results to MCFM NLO prediction (MSTWOS8)

LHCb Preliminary using 16.5pb™ of data.

Theory: FEWZ at NLO for Z; MCFM at NLO for W.

Kinematic cuts: charged leptons pT‘.:-zﬂ GeV, 2<n<4.5.

Uncertainty band combines NLO and MSTW2008 90% uncertainties.

b + L + {
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I G b
40 50 60 T0 80 80 z(p )
[ + L + |
1 1 1 1 I 11 1 1 I 1 1 11 I 1 1 1 1 I 1 1 1 1 I 11 1 1 I 1 1 11 G b
600 T00 BOO 800 1000 1100 W+(p }
4
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I G b
400 500 600 00 800 200 W-( p }
| | ] ] ] ] ] ] ] ] m
l14| 1 |1E| 1 |1B| 1 Izul 1 Izzl 1 |24| 1 IZEI 1 IZBI 1 |3u| 1 |32 Gz
] ] ] ] ] ] GW"‘
0.8 1 1.2 1.4 1.6 1.8 Ow.

All W,Z observations consistent with NLO predictions
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Outlook

Sensitivity to PDFs

Uncertainty on PDF with LHCb data

Uncertainty on PDF without LHCb data
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MSTWO08 0.1 fb*, 7 TeV

small improvement with small amount of
data

CTEQ6 1 fb™, 14 TeV

higher energy, more data larger
improvement up to 30%

10°
X
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Differences btw models larger than
PDF uncertainties:

- W, Z measurement will allow to
distinguish btw. different PDF models
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Conclusions

e All W, Z observations consistent with
NLO predictions

e Measurements complementary to ATLAS/CMS

e Luminosity uncertainty dominates for cross-sections
e W/Z ratio already now test SM to 6%

Outlook:

e Distinguish different PDF models

e Probe PDFs in previously unexplored region,

| expect significant improvement to gluon PDF

B ¢ 1 fb-! can improve PDF uncertainty significantly
expect 1-5 fb-! next year: analyses limited

by systematics.
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Outlook

Cracow Epiphany Conference

Other channels: Z —-ee

Rusn: S2026E2
Evt: BGEA31ET
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Measurement LHCb: W and Z production at LHCb

3 B 0 R
: W : Y
Fa =185 MCFM LO\'s=7 TeV
co.12- MCFMLO % 165 MSTW2008 PDFs
" =7 TeV :
0.1 MSTW2008 1.4
B PDFs 1.25
0.08]- -
E 1=
0.06 : 0.8~
0.04 = M
- = 0.4
= STaT -
0,02 = -
- = );'f 0.2
0 b L L L L L i;*: 1 1 0 [Z 1 | 1 1 1 1 ' i H H A : I i i H : L 2 la mimiona:
6 4 2 0 2 4 6 0 1 2 3 4 5 6
Lepton Pseudorapidity Lepton Pseudorapidity

8% of Z within LHCb acceptance 17% (16%) of W* (W) within
LHCb acceptance

Complementary range to Atlas/CMS
Overlap region for cross check
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Introduction

LHC

b data taking at 7 TeV

2010: 37.7 pb! ontape 16.5 + 1.7 pb-! used for this analysis
2011: expect 1-5 fb-! of data

Cracow Epiphany Conference

| LHCb Integrated Lumi over Fill Number at 3.5 TeV | [2010-12-07 06:00:04_]
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