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LACo = A Porwazrd Sozciromeier s
> Designed to look at CP violation in B decays @ LHC
> Fully instrumented within 2.0 < 11 < 5.0
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Detector Acceprance

> Overlap with ATLAS & CMS
20<n<2.5

> Complementary range
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2 Lepton Pseudorapidity

Lepton Pseudorapidity

17%(16%) of W*(W-) within LHCb &% of Z within LHCb
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Uatasels s

> Analyses based on 2011(2013) pp(pA) data samples at 7(5) TeV
> 2012 pp data at & TeV are currently being analysed
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> Due to luminosity levelling, same running conditions throughout fills

> EW trigger thresholds unchanged during years
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W & Z Production zimnd 7Drs

> LHCb’s forward acceptance provides very interesting possibilities to

study the proton Parton Density Functions

> Take large-x from one proton and a
small-x from the other
— probe two distinct regions in
the (x, Q%) space

>Can probe the low-x; high-Q°
regionh inaccessible to - other
experiments

»W and Z

(xof 10*and 10°")

»Low-mass Drell-Yan
(x downto 107°)

LHC 7 TeV Kinematics

[ T T TT]
i BN ATLAS/CMS

LHCDh

] CDF/D0
[ HERA

6l | o0 Fixed Target
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arXiv:1408.4354

Wi Z Production zrp LrlCy Rt

> LHCb has measured the W and Z production cross-section at 7 TeY
using several final states

e 20<n<45 u o LHCb orelimi ‘
Purity ~T7% i * Data B« — prefiminary Pllrlty >99%
i —Fit B Electroweak —o— Data
é |:|W — uv .Heavy flavour

Events per 1 GeV/c

5 Yo
20 30 40 50 60 7020 30 40 50 60 70 100 120
W — uv p, [GeVic] Dimuon invariant mass [GeV/c?]

>2011 Z->uwn analysis with much reduced systematic uncertainty
currently under review
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Wi Z Procuction zrc LrlCo EEXRCEENE

> LHCb has measured the W and Z production cross-section at 7 TeY
using several final states
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Results = W — vy

> Fiducial volume: p; > 20 GeV/c, 2.0 <M, < 4.5

LHCb, Vs=7TeV o MSTW08 o ABMI2 p,>20GeV/c
Data,,, v NNPDF23 ¢ HERAIS5 20<m <45
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> Results in general agreement with NNLO predictions

> Main systematics: template fit, reconstruction efficiencies

>

Simone Bifani




] j arXiv:1408.4354

LHCb, (s =7 TeV
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> Good agreement with NNLO
> Good agreement with ATLAS (after adapting to ATLAS cuts)
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P aas e i arXiv:1408.4354
Fesults = Y — LYy

> Lepton charge asymmetry

LHCb, {s =7 TeV
Datag, o MSTWO08
Data,, v NNPDF23

+ CT10
o ABM12
* HERA15
2 JRO9

p..>25GeV/c
T

Vs =7 TeV
LHCb (2011 extrapolated) W — v
a CMS (2011) W — uv

p..>20GeV/c
T

v [u]
o7 0 %0000, 700, 5297 0 j0gaT, 0 F 1L 4 §o I

> Good agreement with NNLO
> Good agreement with CMS (after adapting to CMS cuts)
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> Fiducial volume: p;, > 20 GeV/c, 2.0 < 1< 4.5, 60 < M, < 120 GeV/c*

LHCDb Preliminary

o Z— uu (75.4+03, + 1.9 +2.6,.)pb

syst

m Z->ee (76.0 £ 0.8, 2.0 +2.6,,..) pb

syst

A -1t — A (71.4£3.5,,,+2.8

£ 2.5,ym) P
NNLOMSTWO08) (74.7718 . 4 0.4 theory) Db

50 60 70 80 90 100
o(Z— 1l) [pb]

syst

> Results agree with each other and NNLO predictions
> Measurements limited by statistics (tt) or luminosity (ee, uu)

>Main systematics: reconstruction (uu), tracking efficiency (ee),
backgrounds and efficiency (tt)
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e _4 — j ] LHCb-CONF-2013-007

LHCb preliminary

LHCb preliminary
WWW Data (stat)
Data (tot)
o = MSTWO08 (NNLO)
A CT10 (NNLO)
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penw ABMI11 (NNLO)
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LHCb 2011 preliminary, Z— uu extrapolated

-r

> Good agreement with NNLO

> Good agreement between uu
and ee final states

do/dy [pb]

>Good agreement with ATLAS
(after adapting to ATLAS cuts)

LHCb 2011, Z— ee extrapolated
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LHCb preliminary
Data (stat)
Data (tot)
NNLO - MSTWO08
ResBos
Powheg + PS

LHCb preliminary
Data (stat)
Data (tot)
NNLO - MSTWO08
ResBos
Powheg + PS

prediction/data

|

=
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LHCb preliminary

_ e (lm =18 2) by
cosh (An/2) mz

> NNLO fails to describe ¢*

>Better agreement when

compared to ResBos and
POWHEG
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o= P LHCb-PAPER-2014-022
Zouningd

> Sensitive to nPDF in a region where there is no experimental input

Lgbes S Tev . LHCb stat. LHCb
p \°pN < LHCD syst. + lumi. pr \ SpN =5TeV
forward
FEWZ NNLO + MSTWO08
FEWZ NNLO + MSTWO08 + EPS09 (NLO)

Candidates / (2 GeV/c?)

forward backward

> Forward (pA):  o(Z—uu)=(13.527 5 ... 1.1,...) pb
> Backward (Ap): 6(Z—uu) = (10.7*%% 5 ; ... £ 1.0_,.;) pb

Simone Bifani 15



xu(x,Q), comparison plot PKIOK NNPVF30 G‘LOBAL xd(x,Q), comparison plot
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PRIOR: NNPUF30 HERA-only

xu(x,Q), comparison plot

* Reweighting using NNPDF3.0 prior

Nucl.Phys. B855 (2012) 608
* Large impact of precise W
measurements on global fit: visible

7 \\w i reduction of u/d uncertainty
“«%‘&\1\&\ :

* Even larger impact on HERA only fit
RED: HERA prior + LHCD (old)
BLUE: HERA prior + LHCb (new) 10/18

> @ LHCb Impication Worksho
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Prosnecis sk

> Updates with & TeV data for all analyses

> Perform inclusive, differential and associated measurements with
Run-lldata @ 13(14) TeV

> Measurement of event properties, multiplicities and multiplicity
ratios in Z events with identified particles (p, pbar, K*, Lambda->pr,
Kg->7ti, maybe p and ¢)

>What should we measure with higher priority that would be an
important input for MC tuning?
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>LHCb probes a unique region in 1 and low p; reach at LHC
and can provide important inputs to PDFs in the forward

region

>W and Z production cross-sections measured by using a
variety of final states

>Results consistent with theoretical predictions
calculated at NNLO

> Many other measurements expected soon!
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> Theoretical predictions

»Partonic cross-sections known at NNLO
to few %

»PDF uncertainty dominates at large
rapidities (1% for y<2, 6-6% at y~5)

1
fdxldxzf (x,Q%)f,(x,Q°%) 6(x1,x2,Q2)
0

hadronic x —sec. PDFs2—8% partonic x—sec.: NNLO1%

> Experimental measurements

»Muon modes provide clean signature and
easily reconstructible final states

percentage uncertainty due to PDFs (%)

»Electron and tau modes provide
complementary measurements and test 0 05 1 15 2 25 3 35 4 45 5
. . y

lepton universality

Cross-section measurements @ LHCb can constrain PDFs
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W& Z Production and POFs W&
> Cancel or highlight PDF uncertainties with ratios

»A, = (doy, -doy.) / (doy, +doy,;)
tests u, and d, difference

pdf uncertainty on
R’.': - d-?{‘-’f\/)’f’d‘__(:z). RW= dG(W‘)/dG(W)

A“ = (do(W")-do(W))/(ds(W )+ds(W))
at LHC using MSTW2008NLO (68%cl)

»
tests d,/u, ratio

»
almost insensitive to PDFs
precise test of SM
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Many systematic errors cancel
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W — iy ieh

> Single muon trigger: p; > 10 GeV/c JL~37 pb ! (2010)

> 1 reconstructed & isolated muon

»p;>20 GeVic
»2.0<nN<45

»Cone p; (R=0.5) < 2 GeV/c
»Extra muon veto (p; > 2 GeV/c)
»Impact parameter < 40 um

»E/pc< 4%

»ZIY =

»W-tVv and Z-1t

» Heavy flavour

» K/t decay in flight

Candidates
> +

Q ' _
= whi20<n<45 w
8 '« Data B~ — v
— . — Fit .Electroweak
5 i [ JW — uv [l Heavy flavour
o :
=
]
>
R4

(MC)

(MC)

(Data)

-5
(Data) 20 30 40 50 60 7020 30 40 50 60 70

P, [GeV/c]

Template fit in 51 bins
W and Z muon p; spectrum at NNLO
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W=y

> Specific cuts implemented to reduce each background component

> ZIv*—-pp
»Veto on 2" muon with p; > 2 GeV/c

> W-tv, Z-Tt and Heavy flavour
»Impact parameter < 40 um

> K/7t punchthrough
»E /pc< 0.04

> Largest
»Decays in flight of K/t

»Z—-uu events with one muon outside
the acceptance

g
g
<
-
=
[
%
3z
=
o
>
aal

=]
N

LHCb

e Data

—Fit

OPseudo-W (data)

OW — tv (simulation)
Bbb+cc — Xu (simulation)

OPseudo-W (data)
[@Hadrons (data)
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> Single muon trigger: p; > 10 GeV/c JL~1 b7 (2011)

> 2 reconstructed muons

»pr>20GeVic
»2.0<n<45
»60 <M, < 120 GeVlic?

>

Z — U sk

LHCb preliminary

—&— Data

»Heavy flavour (Data)
»K/mmis-ID  (Data)

»Z—TT (MC)
»tt (MC)
»WW (MC)
00 120
Dimuon invariant mass [GeV/c’]
Candidates
>
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L—e8 {ish

> Single electron trigger: p; > 15 GeVY/c

> 2 reconstructed electrons

»p;>20 GeVic
»2.0<n<45
»Ecc,/pec>0.1
»Epcal/ pec < 0.05
»M,_, > 40 GeV/c?

» K/t mis-ID  (Data)
»Heavy flavour (Data)

» Z—TT (MC)
»tt (MC)
Candidates

e Data

[]Signal

[ Background
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84

100
M(e'e) [GeV/c?]

Mass peak distorted by bremsstrahlung

JL~945 pb1 (2011)
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> Single lepton trigger: p. ., > 10(15) GeV/c JL~1 b1 (2011)

> 5 final states: uu, ue, ey, ph, eh
»prq,>206GeVic,pr,>10 GeVic

e Data
mZ -7
BHQCD

%
O | MEWK
»M,, > 20 GeVIc? z 57— '™
4
N =
»QCD (Data) : 4|
'--m !!!hl
»EW (Data) 80 100 120
e (MC) M, [GeV/?]
»WW (MC) isolated back-to-back —
L mz-
» Z—| (MC) = B
O MEWK
L [Mtt — pe
~ EWW — pue
5 LHCb
Vs =17 TeV
Candidates lifetime pT asymmetry
N 50 80 100 120

M, [GeV/c?]
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Cross-226 L1071 sk

> The cross-section for boson production can be expressed as

1 NCandidates P

o BR — - JFSR

f L A ) 5Tm'gge’r ) 5T7°acking " EParticleID * €Selection

> Measurements performed in the forward region (2.0<1<4.5) for

leptons with p>20 GeY/c: Acceptance = 1 for Z—un and W—-uv, but
obtained from MC for Z—ee and Z-71t

> Efficiencies determined mostly from data and cross checked with
simulation

> FSR correction evaluated using HERWIG++ and PHOTOS+PYTHIA
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> Trigger

»Tag: triggered muon

»Probe: offline identified muon

> Tracking
»Tag: identified muon track

»Probe: trajectory from muon stub
and minimal tracking information

> Particle ID
»Tag: identified muon

»Probe: reconstructed track

Tracking Reconstructed
Long Track

Add TT hits Reconstructed
K Muon stubs

Reconstructed
Muon stub

Reconstruc.tec/

Long Tracks

Simone Bifani
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Table 1: Summary of the systematic uncertainties on the inclusive cross-sections and their ratio.

Source Aoy, Tt [%]

Template shape 0.28
Template normalisation 0.10

Reconstruction efficiency 1.21
Selection efficiency 0.33
Acceptance and FSR 0.18
Luminosity 1.71

AO‘H"” MLV [%]

0.39
0.10
1.20
0.32
0.12
1.71

ARy [%)

0.59
0.06
0.12
0.18
0.21

Simone Bifani
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Luminosity ~ 3.5%

Z — pp

@ Muon tracking efficiency ~ 1.1%
@ Other reconstruction efficiencies ~ 1.1%

@ Total ~ 2.1%

Z — ee

@ Electron tracking efficiency ~ 1.6%
@ Kinematic efficiency ~ 1.4%
@ Total ~ 2.7%

Z =TT

@ In 7,7, channel background dominant ~ 10%

@ In TeT, or TeT, channel reconstruction dominant ~ 4.7 — 6.2%
@ In 7,7, TeTy channel selection dominant ~ 4.5 — 4.7%

@ All channels total ~ 3.9%

@ Stat. uncertainty is ~ 4.9%
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Fvsoy =5 TeV

Forward

Backward
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LHCb
pPb s,y =5TeV

forward

Candidates / (2 GeV/c?)
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LHCb
pPb s,y =5TeV

backward
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