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Recent results from LHCb

Measurement of the forwardZ
boson production cross-section
in pp collisions at~ s=7TeV
Gl G
Measurement of the forwardw
and Z boson production
pross-sections irpp collisions at

First observation of top quark
production in the forward region

w arXiv:1506.00903

' 5$=8TeV i
NEW Measurgment of the (—t.'XCll.JSIVé
Gy production cross-section irpp
Measurement of the _ collisions at s =7TeV and
forward-backward asymmetry in 8TeV
1" +19
Z[! # ptp* decays and

determination of the éfective
weak mixing angle
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arXiv:1509.07645
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LHCb detector

¥ Single arm spectrometer optimised for the study @ and D
decays;

¥ Limited to %4% of the solid anglle;
¥ Corresponds to X" <5," &$In'tan 5 ' y;
¥ The uncertainty onL is 1.7% (7 TeV) and 1.2% (8 TeV).

¥ FP =0.4%@GeV and
0.6%@L00GeV;

¥ #(IP) = 20um;
¥ $irack > 96%;

MisID(%# 1)%1$ 3%.
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Motivation
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Motivation

Electroweak measurements

in the forward region

¥ probe pQCD and electroweak w} zw—
theory in a novel region of

(x,Q?) phase space;

¥ constrain PDFs at
low x and highQ?.
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¥ PDF uncertainties become
particularly large at forward
rapidities (Thorne et al.);

¥ LHCb ideally placed to
contribute.
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Motivation $ NNPDF3.0

xd(x,Q), comparison plot

xd(x,Q), comparison plot

4 T T T T 4 T T T T
M. Ubiali R ——— E . [ e ——
3.5F LHCh Implications Workshoy a5 Mubil
A 5 WOKSHOP (888888 wpDFa0_herainco_rio Ligiid E LHCb Implications Workshop §38§8§ nkpoRs0_nerained o Uitgra
15/1012014 L E
3 3E 1511012014
Q=1.41GeV F Q= 1.41Gev
2,55
2F
e kK
@ 1.5
o«

1cu 10 10° 102 107
X

xu(x,Q), comparison plot

E M, Ubiat B o0 hermony o o
. 2.5 f {_;-:ﬁ)l?z](l)x:];lmhom Workshop SRS nPOs0_horaincd o Lo
The impact of our early A amrarcon

(37pb®) W # p& (JHEPO6 15
(2012) 58) and Z # ee
(JHEPO2 (2013) 106) oe
measurements is clearly visible.

Ratio

o

-0.

o

o
o
N
o
w
o
N
o
o

Marek Sirendi (Cambridge) 6/24



Results
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Inclusive Z @7TeV $ results

#z# u+us Cross-section at eV is measured to be
#z# yrps = 76.0£0.3(stat.) £ 0.5(syst.) + 1.0(beam) + 1.3 (lumi.)pb

¥ Results are given at Born-level;
¥ Theory prediction is

from FEWZ at NNLO; LHCb, 5= 7TeV o MSTWO8 © ABM12 p*> 20 GeVic
. Data, v NNPDF30 ¢ HERA15 2.0<!"<45
¥ A selection of NNLO PDF Data,, o CTI0 2 JRO9  Z 60 <M, <120 GeVR
sets are used;
¥ Results are consistent with —
the measurement of . I S
" 70 72 74 76 78 80 82 L
Z# eeandZ #
ph > 20GeV
20<"H<45

60 < My, < 120GeV
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Inclusive Z @7TeV

differential cross-sections
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The measured cross-sections are in agreement with NNLO predictions
using dfferent PDF sets. Correlation matrices are provided.

Marek Sirendi (Cambridge)

9/24



Inclusive W

analysis strategy
¥ The signal yield is determined from a bt tp#;

¥ Signal and electroweak templates are taken from simulation;

¥ The decay in Bight,K/%# p& component Boats freely in the bt
with a template determined from data;

¥ Purities are determined to béo77%.
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Inclusive W and Z @7TeV
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W and Z ratios @ 7TeV
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Inclusive W and Z @8TeV$ results

The W and Z cross-sections at eV are measured to be

#z4 p+ps =95.01£0.3(stat.) £0.7(syst.)+ 1.1 (beam) £ 1.1 (lumi.)pb

#w o+ g = 10941+ 2.1 (stat.) £ 7.2(syst.) + 10.9 (beam) £ 12.7 (lumi.)pb

#wsy usy =819.4+ 1.9(stat.) + 5.0(syst) + 7.1 (beam) + 9.5 (lumi )pb

¥ Update on the 7TeV measurement
using 2(b®! of LHCb data;

¥ Results are consistent with
the measurement ofZ # eeg;

¥ Cross-section ratios are

measured at sub-percent precision;

¥ The energy evolution is studied:

¥ CoM energy ratios are presented;

¥ Ratios of ratios are presented.
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Preliminary


Inclusive W and Z @8TeV
differential cross-sections
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W and Z ratios @ 8TeV
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The differential #w (p®)/ #z (1®) is Ratter than the corresponding

theory predictions.
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Centre-of-mass ratios
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The luminosity is correlated between two years at the level of 0.55
and is accounted for.
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Preliminary


Ratios of ratios
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Ratios of ratios indicate mild tension with the theory predictions.
However, they are correlated. The tension stems from theTéV
Z cross-section.
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Arg and the determination of the
effective weak mixing angle

Candidates / 2 GeV

¥

¥

10°m

10*

10°k

The forward-backward charge asymmetry for the process
Z/'"# utp® is measured as a function of the invariant mass;

Measured both at TTeV and at 8TeV, and combined.

ka3 ¥ Largest background

P fon Z = . .

e i ey contributions are:
o ~imew 1 ¥ Semileptonic heavy-Ravour
= ", e = Hvpv
E T decays;
= Tty v

W{* ¥ Misidentibed hadrons;
Fat ¥ Hadrons decayed in Right.
¥ These are estimated using

07140 150 160 dlata-driven techniques.
m,, [GeV]

AT
110 120
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Arg and the determination of the
effective weak mixing angle
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Corrections are applied to account for féiciencies, biases in the recon-
structed momenta of the muons and dfierences in resolution between
simulation and data.
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Arg and the determination of the
effective weak mixing angle

LEP +SLD °
W E E T T AR e et 227 (2006) 257 0.2315+0.0002
< aof\ combined : 7 LEP Aral®) o 0.2322:0.0003
' F Vs=7TeV; H 7 4 Phys. Rep. 427 (2006) 257 232220,
o o
= Fo\on s= : : 41 SLDA, o
ol ' : J 1 Py R L 04 2000 5345 0231000003
[ ] Do o
o Phys. Rev. Lett, 115 (2015) 041801 02315%0.0005
6 -] COF
—o—
:X b Phys. Rev. Lett. D39 (2014) 072005 0:2315£0.0010
[ ATLAS —o— "
- - aniv:1503:03709 02308200012
L ] oms —_—— 0.228740.0032
o E Phys. Rev. Lett. D34 (2011) 012002 &
- e ] LHCb —o— 0.231420.0011
L A LHCb (5=7TeV ——0—— 0.2329+0.0015
ol 1 [ T 1 3 LHCb (5=8TeV —o0 0.2307£0.0012
0.228 0.229 0.23 0.231 0.232 0.233 0.234 _0.235 S N S P O
SinZGEff 0.224 0.226 0.228 0.23 0.232 0.234
W smzl eff

A®as is compared to the theoreUcalApred for a range of sif (&, values

to extract the best-bt value. This result is in agreement with the current
world average, and is one of the most precise determinations at hadron
colliders to date.
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Arg $ systematics

Table 1. Weighted ayerage of the absolute systematic uncertainties foArg, for di! erent sources,
given separately for s =7 and 8 TeV.

Source of uncertainty ! s=T7TeV ! s=8TeV
curvature/momentum scale 0.0102 0.0050
data/simulation mass resolution 0.0032 0.0025
unfolding parameter 0.0033 0.0009
unfolding bias 0.0025 0.0025

Table 4: Weighted average of the absolute systematic uncertainties foAgrgd, for the di! erent
sources of theoretical uncertainty. The value quoted for the PDF uncertainty corresponds to the
68% conbdence range, while for the others the maximum and minimum shifts are given. Th
correlations among the invariant mass bins are not taken into account.

Uncertainty average! AR

PDF 0.0062
scale 0.0040
ls 0.0030
FSR 0.0016
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Top quark production at LHCb (Porerion oo onieng
#10p IS measured in theV (# p&) +b Pnal state to be

#1op [7TeV] = 239+ 53(stat .) + 33(syst.) = 24(theory )fb

#1op [8TeV] = 289+ 43(stat .) + 40(syst.) = 29 (theory )fb

¥ A signibcance of 5#

is achieved;
. —~ 20
¥ Riﬁusl‘fﬁ are g'ortl_sste'nt g LHCb e Data
wi predic |on-s, = J Whtop
¥ Test of BSM theories and Bwb

N(N)LO calculations;
¥ |s sensitive to the gluon PDF.

ph > 25GeV
2.0<"H<45
50 < p?¥**° < 100GeV 4Is 7Io 9|5 I
2.2<"bdjets < 47 p.(+h) [GeV]
p]tl+b$jets > 20GeV
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Exclusive ! production

Using 29fb®! of 7TeV and 8TeV data, exclusivel (1S) and
I (2S) cross-sections are measured to be

#(pp# p! (1S)p)=9.0+2.1(stat.) + 1.7(syst.)pb

#(pp# p! (2S)p) =1.3+£0.8(stat.) £ 0.3(syst.)pb

¥ Results are consistent
with SM predictions;

¥ An upper limit is set on
the ! (3S) cross-section;

¥ Measurement is sensitive to
differences in (N)LO predictions,
and theoretical modelling;

¥ Constrains the gluon PDF.

=)
(=

LHCb 4 T(1S) data
LO (7TeV)

(a) —— LO (8TeV)
NLO (7TeV)

—— NLO (8TeV)

T

%3
=

B
=

[
=

Differential cross-section (pb)
W
(=}

55

=
=)

2 3 4 5
20<y(l)<45 T (1S) rapidity
20<"H<45
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Summary and outlook

¥ LHCb continues to build on past successes in its electroweak
program:

¥ Most preciseW and Z cross-section ratios at the LHC;
¥ Novel centre-of-mass ratios are presented;

¥ A precise determination of sifyy ;

¥ First observation of top quark production.

¥ Our measurements are seen to have an impact on PDFs;
¥ The higher energies of Run Il will allow us to

¥ probe lower values ok;
¥ continue to investigate the energy evolution of electroweak
boson production.
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Appendix
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LHCDb phase space

While ATLAS&CMS are largely limited to" ( 2.5 (with Bjorken-x
in the range of 163 ( x ( 0.1), LHCb detectsW and Z
daughters in 2<" < 5. These are formed in a highly boosted
system with respect to the lab frame with one parton aty %0.1
and the other atx, %10%4.

! lll
Xa 2 My
Yw(z) =In X—Z =) Xab=— éz)eiy"v@)
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Motivation $ ABM12

20 | P ABMI12 (no LHC)

<
e
=10 F
»
a2
&}

+LHCb (W', W)

A0 L L THCh ()
F —— — +CMS(W'/W)
220 | T +ATL'AS(W+,W",Z)

! [u+d](x) (%)
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Early LHCb data of W pro-
duction provide the largest im-
pact on valence d and sea light
quark PDFs.

27124



Flavour decomposition of W

100

¥ # is sensitive to the

Bavour composition of the s op
quark sea; 3

¥ Can be used in -
constraining the strange . 1
PDF. 8

L pp ppi
0.1 L - L

1 10
"s (TeV)
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o
Charge asymmetry

The charge asymmetry is given as

4% " ¢ doe®
AC"g) & dn $ % ., u$d, Uval $ dyal
d()é?'_W*' + d()é?l_W$ u+ d uVa| + dva| + ZUSea
| !

¥ A("g¢) is almost completely
insensitive to higher order
QCD corrections;

¥ several experimental =
uncertainties also cancel:*

¥ a measurement of this

. . Vs = 1.96 TeV
guantity is a powerful Mo
probe of PDFs. / | M/z‘ Sus 2}‘4
71073““72““71‘ ‘0\\\w1wwww2\\\\3

Marek Sirendi (Cambridge) 29 /24



Inclusive Z $ systematics

AT
JHEP08(2015)039

Source Uncertainty (%) Source Uncertainty (%)
Statistical 0.39 Rwz Rw+z Rw'z Rw
Trigger e! ciency Q07 Statistical 0.45 048 050 038
Identibcation el ciency 023 Trigger e! ciency Q15 016 013 007
Tracking e! ciency Q053 Identibcation e! ciency 012 012 012 003
FSR 011 Tracking e! ciency 024 023 026 008
Purity 0.22 FSR 016 021 017 021
GEC e! ciency Q026 Purity 0.41 049 055 062
Systematic 068 GEC e! ciency Q27 028 029 018
Beam energy 125 Systematic Q60 067 072 069
Luminosity 1.72 Beam energy 026 019 034 015
Total 2.27 Total 0.79 085 094 080
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Inclusive W $ results

#w# p# Cross-section at 7meV is measured to be
#w -y pra =878.0+2.1(stat.) £ 6.7(syst.) £ 15.0 (lumi.)pb
#wsy sy = 689.5+2.0(stat.) + 5.3(syst.) £ 11.8 (lumi.)pb

The cross-section ratio is measured to be

Hw +# p#
————— =1.274+ 0.005(stat .) + 0.009(syst.) + 0.002(beam)
Hyw sy psy
LHCb, ¥s=7TeV o MSTWO08 DAEtMIZ p:>20‘GeV/c
¥ Results are given at Born-level; b o€ Sz w6
¥ Theory prediction is T ==y
from FEWZ at NNLO; s 0y P
¥ A selection of NNLO PDF -
sets are used.
ph > 20GeV —f
20<"H<45 e O
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Inclusive W $ differential cross-sections
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Inclusive W $ cross-section ratio

and the charge asymmetry
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The measured cross-sections are in agreement with
NNLO predictions using dferent PDF sets.
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Inclusive W $ comparison to ATLAS
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Inclusive W $ systematics

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

Source 11 W+ pt! [%] e ! [%] I Rw [%]
Template shape 0.28 0.39 0.59
Template normalisation 0.10 0.10 0.06
Reconstruction € ciency 1.21 1.20 0.12
Selection & ciency 0.33 0.32 0.18
Acceptance and FSR 0.18 0.12 0.21
Luminosity 1.71 1.71 N
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Inclusive W and Z @8TeV$ systematics

Source Uncertainty (%)
Twe tw- !z
Statistical 0.19 023 027
Purity 0.28 021 021
Tracking 026 024 048
Identibcation 011 011 o021
Trigger 0.14 Q13 Q05
GEC 040 041 Q34
Selection 024 023 N
Acceptance 08 008 N
FSR 014 Q11 013

Momentum scale @5 012 N
Systematic 065 062 067
Beam energy 100 086 115
Luminosity 116 116 116
Total 1.67 159 179
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Inclusive W and Z @8TeV$ systematics

Source Uncertainty (%)
Rw= Rw+z Rw-z Rwz
Statistical 030 031 033 Q36
Purity 0.25 028 Q21 Q22
Tracking 0.06 Q22 024 023
Identibcation 001 011 011 011
Trigger 004 Q10 Q09 Q09
GEC 013 Q21 022 Q21
Selection 010 Q24 023 Q23

Acceptance (01
FSR 018 0.21 019 Q17

Momentum scale @7 0.05 0.12 0.08
Systematic 038 055 052 050
Beam energy a4 Q15 029 Q21
Total 0.50 065 068 065
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Inclusive W and Z @8TeV$ systematics

Source Uncertainty (%)
RET RL RV REL RE RV RET
Statistical 0.30 0.37 049 0.55 0.58 0.62 0.48
Purity 041 045 — 0.29 0.41 0.45 0.65
Tracking 0.33 027 053 0.24 0.23 0.26 0.09
Identification 0.07 0.07 0.13 0.07 0.07 0.06 0.03
Trigger 0.27 0.25 0.09 0.17 0.19 0.16 0.08
GEC 0.15 0.14 0.09 0.08 0.09 0.09 0.07
Selection 012 017 — 0.6 0.17 0.17 0.04
Acceptance/FSR  0.05 0.06 0.04 0.06 0.07 0.07 0.08
Momentum scale 0.05 0.12 — 0.08 0.05 0.12 0.07

Systematic 0.64 0.64 0.56 047 0.55 0.60 0.66
Beam energy 0.06 0.05 0.10 0.05 0.04 0.05

Luminosity 1.45 145 145 — — — —

Total 1.61 162 163 0.73 0.80 0.86 0.82
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Top $ systematics

Table 1: Relative systematic uncertainties. The symbol

o
Phys.Rev.Lett. 115,112001(2015|

denotes an uncertainty that only

applies to the cross-section meagurement and not the signibcance determination. Only tl

luminosity uncertainty depends on ™ s: 2% at 7 TeV and 1% at 8 TeV.

Marek Sirendi (Cambridge)

source uncertainty
GEC 2%
pr(W/p+(jy) templates 5%
jet reconstruction 2%
SV-tag BDT templates 5%
btag ficiency 10%
trigger & p selection 2%
jet energy 5%
w" I'" u 1%
luminosity 1D2%
Total 14%
Theory 10%
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Upsilon $ mass bt

180
160
140
120
100
80
60
40
20

Total
"""" (nS) signal, 2 y! 4.5

-------- Non-resonant background

Events / ( 60 Me\?)

LN G RN LR AR LR RRN RRRN RRAE|

1
11000 1200¢
m(uw) (MeVic?)

©
s}
S
S
=
o
S
S
S

Figure 2: Invariant dimuon mass spectrum for 7 TeV and 8 TeV data in the rapidity range
2<y(7T) < 4.5 (black points). The bt PDF is superimposed (solid blue line). TheT(1S,2S,3S)
signal components, used to derive weights, are indicated with a long-dashed (red) line, and the
non-resonant background is marked with a short-dashed (grey) line.
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Upsilon $ p? bt S
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Figure 3: Fit to the p-|2- distribution of the ! candidates in the full rapidity range.
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Upsilon $ systematics

Table 3: Summary of the relative systematic uncertainties, in %.

2<y< 3 3<y< 35 35<y< 45 2<y< 45

1 (1S) 1 (1S) I (1S) 1(1S) ! (2S) ! (39)
Purity bt 14.2 14.2 14.2 13.7 13.7 13.7
Feed-down b.g. 12.2 12.2 12.3 12.2 14.6 12.5
I " feed-down 4.0 4.3 5.4 45 11.1 !
Mass bt 22 2.8 2.9 21 2.8 3.6
Luminosity 2.3 2.3 2.3 2.3 2.3 2.3
B(! " ptuo) 2.0 2.0 2.0 2.0 8.8 9.6
Total 19.5 19.7 20.0 19.3 24.8 21.4
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