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LHCb

[JINST 3 (2008) S08005]

* optimised to study CP Violation in B and D decays at the LHC
* fully instrumented between 2.0 < n < 5.0

excellent tracking, PID and vertexing capabilities (muon id efficiency ~98%)
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introduction

LHC 13 TeV Kinematics

Il ATLAS/CMS
[ LHCb

2 CDF/DO
3 HERA

=] Fixed Target

* LHCb's forward acceptance provides
interesting possibilities to study Parton 10'
Density Functions o

* two distinct large and small-x regions
covered 10

small x-region unexplored by previous
experiments

9

., NE

* measurements of W, Z and Drell-Yan 1 E
production at LHCb can constrain the - 1
PDFs in this region 3

- Wand Z (x of ~ 107% and 107 1) B T AT A

10 10 10 10 10 10 10 10

- low-mass Drell-Yan (x down to 107°) can
be explored with low mass triggers

8
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[JINST 9 (2014) P12005]

precision luminosity at LHCb

luminosity measured at LHCb using two methods:
Van der Meer Scan (VDM) and Beam-Gas Imaging
(BGI)

beams scanned across each order in VDM scan to
trace beam profile

in BGI method neon injected in beam-pipe to
reconstruct beams using collision vertices

Distribution of vertices overlaid on detector display. z-axis is scaled by
1:100 compared to transverse dimensions to see the beam angle.

,Beam | - Gas, Beam 2 - Gas.

* BGI and VDM methods combined to achieve precision of 1.7% in 2011 and 1.2% in 2012

o u

‘the most precise luminosity measurement achieved so far at a bunched-beam hadron
collider”
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Measurements

@ Inclusive W production at /s = 7 and 8 TeV

@ Inclusive Z production at /s = 7 and 8 TeV

@ Measurement of forward backward asymmetry in Z decays

@ W production in association with heavy flavour jets at 7 and 8 TeV
@ Z production at /s = 13 TeV NEW!
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W = [JHEP 08 (2015) p. 039] , [JHEP 01 (2016) p. 155]

single high-p muon final state
- prompt, isolated

* phh>20GeV, 20 <nt <45

[ LHCb (s=8Tev W' 20<n"<45 U
60000 [— - paa  Moco
i —ft  [WElectronesk

purity determined by fit to muon pt spectrum I - v Byt

in bins of pseudorapidity 40000

Shape Source
W — pv Simulation

QCD Data
v/ Z* — pp Simulation

W — 7v, Z — 77 Simulation

NHESW FaVOURI  Data
* Signal and EBEEVALNEI[GN templates float

free in fit Purity ~ 77%

e, i
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other shapes normalised using data-driven
methods
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[JHEP 08 (2015) p. 039] , [JHEP 01 (2016) p. 155]

W — uv - Results
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experimental precision of 2-4% - dominated by luminosity and beam energy uncertainty

compared to NNLO predictions calculated using FEWZ

good agreement with predictions for variety of PDF sets
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7 = up [JHEP 08 (2015) p. 039] , [JHEP 01 (2016) p. 155]

G 000 T T 3

* two identified muons 3 b LHCh, (5=7Tev ]
* ph > 20 GeV D somf- 3
(=] F 3

*2<nt <45 gzsoo;— E
* 60 < My, <120 GeV 5 2000%— -
* principle backgrounds from Heavy Flavour, ‘é 1500_ _
Mis-id, other electroweak (Z — 77, © 1000 E

* purity > 99% % 2

M, [Gev/c]
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JHEP 02 (2013) p. 106] , [JHEP 05 (2015) p. 109
7 s ee [ (2013) p. 106] , [ (2015) p. 109]

Two identified electrons

%\ T T ]

* pS > 20 GeV 3 1200 « Daa E

D [Jsigna 1

*2<n®<45 g 1000 M Background

* Mee > 40 GeV ?\n’ 800 3

* Mass peak smeared by Bremsstrahlung ‘%’ 600 3

(calorimeter saturation) 0 00 ]

* Dominant background from electron mis-id ]

. 200 3

° Purity ~ 95% 1
* Transferred to same fiducial region as qto 60 80 100 120

Z — pp using acceptance factor from M (e'e) [GeV/c]

simulation
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Z — 00 results
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W /Z ratios

[JHEP 08 (2015) p. 039]
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http://dx.doi.org/10.1007/JHEP08(2015)039

-___________________________________________
W /Z double ratios

LHCb o CT14 2 CTI0  p¥>20Gev/c
[ Data, s MMHT14 o ABM12 20</"<45
Data, v NNPDF30 o HERAI5 Z:60< M, <120 GeV/c?
o
e
o
= oflV | onev . . . .
. . . . . Wop 2o ratios at different centre-of-mass energies

094 096 098 1 102 104 oltevy oStV

study of the evolution of the cross-sections
. with /s
o

ofT _ gTrev - further cancellation of uncertainties

e e e - double ratios most precise test of the SM
Wnv TZpu - some deviations from predictions
o
*":@ ° can also study ratios
AL . .
e T e O Ty differentially [1509.03993 [hep-ph]]
0.92 0.94 0.96 0.98 1 1.02 0\7I\ITEVuv Q%TA i
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forward-backward asymmetry

forward backward asymmetry, Apg, present in qG — Z/~* — £¢ decays due to presence of
vector and axial vector couplings

H It
q q qa \o7 q

,LL+ "Forward Event" /’L_ "Backward Event"

App sensitive to effective weak mixing angle, sin? OW

LHC is a symmetric pp collider - positive axis defined to be along boost direction of Z

* dilution due to lack of knowledge of quark direction

higher valence quark content in forward region gives larger Apg and greater sensitivity to
in2 peff.
sin“ 6

w
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[JHEP 11 (2015) p. 190]

AFB at LHCb

Candidates / 2 GeV

102 I I 1 1 1 Lisis i
60 70 80 90 100 110 120 130 140 150 160

selection similar to inclusive Z — pp analysis
- mass range extended up to 160 GeV

App measured as a function of dimuon invariant mass

- unfolded for detector effects

dominant uncertainty due to muon momentum scale calibration
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| | JHEP 09 (2015) p. 049
extraction of sin?gSf [ (2015) p. 049]

extraction of sin2 0‘;\’7 performed using template fit to shapes obtained with different values

- generated using POWHEG -+ PYTHIA

£ ! ! T T T T LEP + SLD
E T 1 )
3 10F Combined: LHCb Phys. Rept. 427 2006) 257 0.231520,0002
! 2 fs=7Tev; LEPAL)
‘ o 2
< [ Phys. Rep. 427 (2006) 257 0.2322:0.0003
[

s {5 = 8 TV !

- SLD A o
] Phys.Ret Lett 84 (2000) 5945 0:231020.0003
- CDF —_——
- Phys. Rev. D 89 (2014) 072005 0.231520.0010
] o
: Phys. Rev. Lett. 115 (2015) 041801 02315200005
] eMS —_—— 02287200032
E Phys. Rev. D 84 (2011) 112002
[ ATLAS —0— 0.2308:0.0012
] IHEP 09 (2015) 049
0| % -
b ; ? ] LHCb —o— 02314200011
1 1 1 1 1 1 1 JHEP 11 (2015) 190
0228 0229 023 0231 0232 0233 02340235 P 7R TR T R S RS
o 20eff
sin"0y,

most precise measurement at the LHC
largest systematic uncertainty due to PDFs

statistically limited
* for more details, see talk by L. Sestini in YSF
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http://dx.doi.org/10.1007/JHEP09(2015)049

heavy flavour tagging at LHCb LINST 10 (2015) PO6013]

* heavy flavour tagging at LHCb performed using secondary vertex
tagging

* reconstruct 2-body vertices in event

° merge into n-body vertices (SV) by linking vertices with shared tracks

* reconstruct jets and tag those containing SVs

two separate BDTs trained to separate light from heavy-flavour jets,
and b from c jets

- based on SV and jet kinematics

LHCb simulation
g Eo_ b-jet 2.2<n(jet) <4.2 1
5 08¢ . 20 < p_(jet) < 100 GeV] ] ) ] ) ]
% E — C-jet : ° light-jet mistag rate < 1% for inclusive
@ 0.6 ] b-tag and c-tag efficiencies of 65% and
% 04: h 25% respectively
g Y ] ° validated using b- and c-jet enriched data
g 0.2:—// E samples

0001 0002 0003 0004 0005
light-parton mistag probability
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W + (b, c, I)-jet measurements [LHCb] [Phys. Rev. DO2 (2015) p. 052001]

* measurements of W production in association with light and heavy flavour jets performed
at LHCb
W reconstructed through presence of single high-p7 muon as in inclusive analysis

° jet inputs taken from ParticleFlow and clustered using anti-k+ algorithm (R=0.5)
- jet pr > 20 GeV, 2.2< n/<4.2
require pr (. +J) >20 GeV

= Ju - reconstructed jet containing muon
- proxy for missing energy in the system

purity determined using fit to muon isolation spectrum, pr(u)/pt ()

wn T T T T T T
S
% 40000~ e Data pt, (5=8TeV W, [s=8TeV
b |
e}
5 l:
20000 |t
—— ——
——
1 1 1 1
05 06 0.7 08 0.9 0.6 07

09
PP, )

S.Farry (Liverpool) EWK Physics in the Forwa La Thuile, March 2016 17 /23


http://dx.doi.org/10.1103/PhysRevD.92.052001

W + (b, ¢, /)-jet measurements [Phys. Rev. D92 (2015) p. 052001]

= 1 T T T ] T =]
£ [ LHoodda g LHCD T
Q os- o 8 °F °Daa 3
3 O L] 2
of o O 400 [Hc [¢]
[ 10 [ Eludsy
osf z 200
Fpr(n)/prUu) > 0.9 o ¥
1 05 0 05 170 g X 0 05 1
BDT(bcludsg) BDT(bcludsg)

° jets SV tagged and b— and c—jet content extracted from fits to 2D BDT distributions in
each bin of pr(u)/pr(in)
* measurements performed of
- ratios (W*/Zj, W(b, c)/W))
- asymmetries (Wb, Wc)
* builds on previous measurements of Zj [JHEP 01 (2014) p. 033] and Zb [JHEP 01 (2015)
p. 064]
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results

G(WX)/a(Wj) x 100

A(Wx)

+ data
_— V- c

[Phys. Rev. D92 (2015) p. 052001]

Vs = 7 TeV LHCb data

Vs = 8 TeV LHCb data

good level of data/theory agreement observed

experimental measurements dominated by

statistical uncertainties

b- and c-tagging uncertainties determined from

Vs = 7 TeV LHCb data

Vs = 8 TeV LHCb data

data (=~ 10%)

measured W + ¢ asymmetries & 20 smaller
than SM expectations
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[LHCb-CONF-2016-002]

Z boson production at 13 TeVNEW

% 4000 F M T ] = 10° E T T T 3
© 3500 E LHCD preliminary, Vs= 13 Tev 1 =2 E LHCb preliminary DYNNLOHMSTWO8 E
S 3000 E P (W)>20Gev 3 % 10*E b, (1) >20Gev " LHCb E
g E 20<n(w <45 i E 20</(m) <45 3
g 2500E" 60 < M (yup) < 120 Gev E 10} [ 60<M(u) <120Gev E
5 2000 E 3 :
8 1500f 3 1 .
1000 ;_ _; F ]
500 E
%: 1 E 1 1 1 1 ]

0 80 100 120 5 10 15 20
M(up) [Gev] s[Tev]

preliminary measurement performed of Z — pu production at 13 TeV
- approximately 300 pb~! of data

same techniques and fiducial region as in Run-I analysis
probes lower x values than Run-lI measurements

measurement limited by knowledge of luminosity (3.9%)
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Z boson production at 13 TeVNEW [LHCE-CONF-2016-002]

N
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o o 1 r - -
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2 25 3 35 4 45 i 10 7
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differential measurements of (left) rapidity and (right) Z pr

* compared to NNLO predictions for different PDF sets for rapidity and Pythia8 and
POWHEG+Pythia8 for pr spectrum
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conclusions and outlook

* large program of electroweak physics performed in Run-I at LHCb
precise W and Z boson measurements

advances in heavy flavour tagging

still more results to come!

* first Run-ll measurement of Z production at LHCb presented

* analysis of 13 TeV data is underway!

looking forward to new results!
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W — uv - comparison with central region [JHEP 08 (2015) p. 039]
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* LHCb result extrapolated to ATLAS and CMS fiducial regions using simulation

= ATLAS Mt > 40 GeV, Eniss > 25 GeV
- CMS - pr > 25 GeV

* good agreement in overlap region
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Z — ¢ - comparison with central region [JHEP 08 (2015) p. 039]

= 150 T T LI
2 L _
~ dT >20GeV/c 4
<) 66 <M, <116 GeV/c® A
b -
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i ATLAS + LHCb ]
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LHCb result extrapolated to ATLAS regions using simulation
- 66< My < 116 GeV

good agreement in overlap region
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kinematic range

Measurements performed as a function of di-lepton mass in different kinematic ranges

Exp. Channel My pf} nt

LHCb dimuon 60 — 160 GeV > 20 GeV 2<n<45

CMS dimuon 40 — 2000 GeV > 20 GeV In| < 2.4

CMS dielectron 40 — 2000 GeV > 20 GeV In| < 2.4

CMS central-fwd electron 40 — 300 GeV > 30,20 GeV In] <2.4,3.0<n<5
ATLAS dimuon 40 — 2000 GeV > 25 GeV In] < 2.4
ATLAS dielectron 40 — 1000 GeV > 25 GeV

[n| < 2.47

ATLAS  central-fwd electron 40 — 250 GeV > 25 GeV [n] < 247,25 <n <49
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App Systematics

Table 1: Weighted average of the absolute systematic uncertainties for App, for different sources,
given separately for /s = 7 and 8 TeV.

Source of uncertainty Vs=TTeV /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 for Agfgd, for the different
sources of theoretical uncertainty. The value quoted for the PDF uncertainty corresponds to the
68% confidence range, while for the others the maximum and minimum shifts are given. The
correlations among the invariant mass bins are not taken into account.

Uncertainty average A|ARS]

PDF 0.0062
scale 0.0040

a, 0.0030
FSR 0.0016

sin2 07 = 0.23142 + 0.00073 + 0.00052 =+ 0.00056
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