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This talk is intended to show as many
LHCb results as possible. Some are well
modelled others not so much. I have to
make a selection since there are currently
493 papers published by the LHCb
collaboration. The full list is here. I
recommend to have a look at this list.
My selection is strongly biased by my
personal interest.
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What is needed to describe LHCb data?

Some data are well described by collinear factorisation together with hadron
fragmentation.
Other data also need parton showers and resummation of the logarithms.
The general picture it that the theory description is difficult for the processes
that have more than two partons in the initial state or more than one parton
fragmenting.

I try to briefly touch a variety of our results to highlight these.
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introduction LHCb detector
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introduction LHCb detector

LHCb experiment

z

y

VELO TT T1-3 Muon-System

IP

Kaon Identification
ε ≈ 90%, mis-ID< 5%

Muon Identification
ε ≈ 97%, mis-ID≈ 0.7% at
high pT

Acceptance 2 < η < 5
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introduction LHCb detector

LHCb experiment

z

y

VELO TT T1-3 Muon-System

IP optimal µ p,K±, π± produced inside the VELO

ok K 0
S , Λ0, γ, e±, π0

challenging stable neutral hadrons n, K 0
L
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introduction LHCb detector

available data

proton collisions
Large samples at 7,8 and 13 TeV,
smaller samples at 0.9, 2.76 and 5 TeV
protons on lead ions
1 nb−1 at 5 TeV and 10 nb−1 at 8.1 TeV
lead ions
Two samples from 2015 and 2018 of about 200µb−1

xenon ions
Few hours of data taking with a low intensity beam.

beam on gas (fixed target)
beam gas

√
s

p Ne 110 GeV
p He 110 GeV
p Ar 110 GeV

Pb Ar 69 GeV
p He 110 GeV
p He 86.6GeV
p Ne 110 GeV

Pb Ne 69 GeV
Upgraded gas cell scheduled for installation this fall.

Increase gas pressure by two orders of magnitude.
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introduction LHCb detector

perturbative QCD
J.Phys.Conf.Ser. 1271 (2019) no.1, 012008

Figure 1. Kinematic reach corresponding to the acceptance of the four LHC experiments in
p-Pb collisions. The kinematic regions accessible in the fixed-target configuration at LHCb and
in e-p collisions at HERA are also shown.

interpretation of relativistic heavy ion collisions after the discovery, performed at the LHC, of
sizeable collective behaviour even in p-p collisions [3].

A comparison among the kinematic reaches of LHCb and the other LHC experiments in
p-A collisions, in terms of the Bjorken-x value of the nucleon in the nuclear target and the
squared parton-parton invariant mass Q2, is shown in Figure 1. Two regions are covered in
p-Pb collisions, depending on the orientation of the proton and lead beams. The so-called
forward configuration, when the proton beam points toward the detector (i.e., it enters the
detector region from its vertex detector), corresponds to values of x down to 10−5, where gluon
saturation is expected to occur. In the backward configuration, when the Pb beam points toward
the detector, measurements are sensitive to the anti-shadowing region up to x ∼ 0.1.

In fixed target collisions, the nucleon-nucleon centre-of-mass (c.m.) energy reaches 110 GeV
for proton beams of 6.5 TeV energy. Measurements at this energy scale, intermediate between
SPS fixed target experiments and beam-beam collisions at LHC, provides an additional test bed
to explore the energy evolution in the dynamics of nuclear matter. The detector acceptance
corresponds to mid and backward rapidities in the c.m. frame: −2.8 < y∗ < 0.2. As also
depicted in Figure 1, this gives access to large values of x in the target nucleon, where nuclear
PDFs are modified by the EMC effect and where the contribution of a possible intrinsic heavy
quark content in the nucleon could be substantiated.

2. p-Pb collisions
The experiment collected a first dataset of p-Pb collisions at

√
sNN = 5.02 TeV in 2013,

corresponding to integrated luminosities of 1.1 and 0.5 nb−1 in the forward and backward
configuration, respectively. After this succesfull experience, larger luminosities were delivered to
LHCb during the 2016 p-Pb run at

√
sNN = 8.16 TeV, with 13.6 and 30.8 nb−1 recorded. The

results published so far by LHCb focus on production of heavy flavour states, whose modification
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introduction inclusive vector bosons

Z boson production
JHEP 09 (2016) 136
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introduction inclusive vector bosons

Z boson production
JHEP 09 (2016) 136
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introduction inclusive vector bosons

Z boson production
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QCD resummation needed vector bosons with jets

Z plus jet
JHEP 01 (2014) 33
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Jets are R = 0.5 anti-kT jets

pT thresholds are 10GeV and 20GeV

Description decent of the y distribution

The low boson pT distribution is poorly
described
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QCD resummation needed vector bosons with jets

Z plus jet
JHEP 01 (2014) 33
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QCD resummation needed vector bosons with jets

W boson production
JHEP 12 (2014) 079

�u

d̄

W+

p

p

µ+

νµ

�s s

p

p

c–jet

W−
]c [GeV/

T
p

c
E

ve
nt

s 
pe

r 
1 

G
eV

/

10000

20000

30000
LHCb +µ -µ < 4.5η2.0 < 

Data νµ → πK/

Fit Electroweak

νµ →W Heavy flavour

]c [GeV/
T

p

Pu
ll

-5

0

5

20 30 40 50 60 70 20 30 40 50 60 70

η

 [
pb

]
η

/d νµ 
→

W
 

σd

200

400

600

800  = 7 TeVsLHCb Preliminary, 

)+ (WstatData MSTW08

)+  (WtotData NNPDF23

)- (WstatData CT10

)-  (WtotData ABM12

HERA15

JR09

 > 20 GeV/c
T

p

η
2 2.5 3 3.5 4 4.5T

he
or

y/
D

at
a

η

0.9
1

1.1

η

0.9
1

1.1

Pythia reweighted to RESBOS

Measurement based on muon
properties

 [pb]ν+µ → +Wσ
850 900 950

 [
pb

]
ν- µ 

→ -
Wσ

650

700

750

800
 = 7 TeVsLHCb, 

Data
 syst⊕stat Data

totData
MSTW08
NNPDF23
CT10
ABM12
HERA15
JR09

 > 20 GeV/c
T

p

 < 4.5η2.0 < 

68.3% CL ellipse area

Albert Bursche risultati misti 1st October 2019 9 / 40

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2014-033.html


QCD resummation needed vector bosons with jets

associated production of W± bosons with heavy jets
Phys. Rev. D92 (2015) 052001
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QCD resummation needed vector bosons with jets

forward top production
Phys. Rev. Lett. 115 (2015) 112001, JHEP 08 (2018) 174

total cross section measurement (7 and 8 TeV)

σtt̄ = 239± 53(stat)± 33(sys)± 24(theory)fb

σtt̄ = 289± 43(stat)± 40(sys)± 29(theory)fb

beµ final state (13 TeV)

σtt̄ = 126± 19(stat)± 16(sys)± 5(lumi)fb

All measurements are between 2 and 4.5 in rapidity.

50 100 150 200

 [fb]ebX)µ→t t→(ppσ

5000 10000 15000

 [fb])tt→(ppσ

LHCb
 = 13 TeVs

data
POWHEG
aMC@NLO
MCFM
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multi parton interactions

multi parton interactions

Golden channel: same sign W production

In LHCb: Same sign open charm, Double Quarkonia

Often described as two independent scatterings

σDPS
C1,C2

= α
σC1σC2

σDPS
eff

Violates energy momentum conservation

Not applicable in the presence of initial state correlations
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multi parton interactions

associated production of Z bosons with D mesons
JHEP 04 (2014) 91
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multi parton interactions

double charm
JHEP 06 (2012) 141, Addendum JHEP 03 (2014) 108
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Figure 9: Measured cross-sections σJ/ψC, σCC and σCC (points with error bars) compared, in
J/ψC channels, to the calculations in Refs. [14,15] (hatched areas) and Ref. [18] (shaded areas).
The inner error bars indicate the statistical uncertainty whilst the outer error bars indicate the
sum of the statistical and systematic uncertainties in quadrature. Charge-conjugate modes are
included.
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multi parton interactions

double charm
JHEP 06 (2012) 141, Addendum JHEP 03 (2014) 108
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Figure 1. Measured ratiosRC1C2
(points with error bars) in comparison with the expectations from

DPS using the cross-section measured at Tevatron for multi-jet events (light green shaded area).

The inner error bars indicate the statistical uncertainty whilst the outer error bars indicate the

sum of the statistical and systematic uncertainties in quadrature. For the J/ψC case the outermost

error bars correspond to the total uncertainties including the uncertainties due to the unknown

polarization of the prompt J/ψ mesons.
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multi parton interactions

open charm and bottomonium
JHEP 07 (2016) 052
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Figure 1: Summary of recent measurements of the effective DPS cross-section σeff [1–16] When
two error bars are shown, the inner error bars indicate the statistical uncertainty whilst the outer
error bars indicate the sum in quadrature of the statistical and systematic uncertainties.
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diffractive production

exclusive production

Projectiles stay intact

There can be no net colour exchange

In LHCb mainly measurements of exclusive vector meson production and
production of two exclusive pairs

Figure 1. Kinematic reach corresponding to the acceptance of the four LHC experiments in
p-Pb collisions. The kinematic regions accessible in the fixed-target configuration at LHCb and
in e-p collisions at HERA are also shown.

interpretation of relativistic heavy ion collisions after the discovery, performed at the LHC, of
sizeable collective behaviour even in p-p collisions [3].

A comparison among the kinematic reaches of LHCb and the other LHC experiments in
p-A collisions, in terms of the Bjorken-x value of the nucleon in the nuclear target and the
squared parton-parton invariant mass Q2, is shown in Figure 1. Two regions are covered in
p-Pb collisions, depending on the orientation of the proton and lead beams. The so-called
forward configuration, when the proton beam points toward the detector (i.e., it enters the
detector region from its vertex detector), corresponds to values of x down to 10−5, where gluon
saturation is expected to occur. In the backward configuration, when the Pb beam points toward
the detector, measurements are sensitive to the anti-shadowing region up to x ∼ 0.1.

In fixed target collisions, the nucleon-nucleon centre-of-mass (c.m.) energy reaches 110 GeV
for proton beams of 6.5 TeV energy. Measurements at this energy scale, intermediate between
SPS fixed target experiments and beam-beam collisions at LHC, provides an additional test bed
to explore the energy evolution in the dynamics of nuclear matter. The detector acceptance
corresponds to mid and backward rapidities in the c.m. frame: −2.8 < y∗ < 0.2. As also
depicted in Figure 1, this gives access to large values of x in the target nucleon, where nuclear
PDFs are modified by the EMC effect and where the contribution of a possible intrinsic heavy
quark content in the nucleon could be substantiated.

2. p-Pb collisions
The experiment collected a first dataset of p-Pb collisions at

√
sNN = 5.02 TeV in 2013,

corresponding to integrated luminosities of 1.1 and 0.5 nb−1 in the forward and backward
configuration, respectively. After this succesfull experience, larger luminosities were delivered to
LHCb during the 2016 p-Pb run at

√
sNN = 8.16 TeV, with 13.6 and 30.8 nb−1 recorded. The

results published so far by LHCb focus on production of heavy flavour states, whose modification
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diffractive production
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diffractive production 2015 preliminary ultraperipheral J/ψ

differential coherent cross section
LHCb-CONF-2018-003
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diffractive production 2015 preliminary ultraperipheral J/ψ

non relativistic QCD
LHCb-CONF-2018-003
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diffractive production 2015 preliminary ultraperipheral J/ψ

colour dipole model
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diffractive production 2015 preliminary ultraperipheral J/ψ

colour dipole model
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diffractive production 2015 preliminary ultraperipheral J/ψ

colour dipole model
LHCb-CONF-2018-003
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diffractive production 2015 preliminary ultraperipheral J/ψ

double central exclusive production
J. Phys. G41 (2014) 115002
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7 TeV, 8 TeV data merged

Albert Bursche risultati misti 1st October 2019 23 / 40

https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2014-027.html


charmonium puzzle

quarkonia

J/ψ is the main workhorse
but many other states are studied, ψ(2S), ηc , χc1, χc2, χc1(3872), Υ , χb...
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charmonium puzzle

prompt inclusive J/ψ production cross section
JHEP 10 (2015) 172
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charmonium puzzle

J/ψ production polarisation
Eur. Phys. J. C73 (2013) 2631, Eur. Phys. J. C71 (2011) 1645
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charmonium puzzle

prompt ηc production
Eur. Phys. J. C75 (2015) 311
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charmonium puzzle

prompt production of χ1c(3872)
Eur. Phys. J. C72 (2012) 1972
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σχc1(3872)Bχc1(3872)→J/ψπ+π− = 5.4± 1.3(stat)± 0.8(sys) nb
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hadronisation

soft particle production

Collinear factorisation only tells about fully inclusive results

A full description of an event has to include all particles produced
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hadronisation

J/ψ production in jets
Phys. Rev. Lett.118.192001

prompt production not
described by Pythia 8.1
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hadronisation

J/ψ production in jets
Phys. Rev. Lett.118.192001
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hadronisation

charged hadron production in Z-tagged jets
arxiv:1904.08878 submitted to PRL
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hadronisation

anti protons in proton Helium collisions
Phys. Rev. Lett. 121 (2018) 222001

Some excitement in 2015 about AMS/Pamela
data

This measurement improved the description of
the anti-protons during the propagation or CR

New analysis shows the data are consistent
with anti-protons from propagation only

2015

JCAP 1509 (2015) 023
see also
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hadronisation

anti protons in proton Helium collisions
Phys. Rev. Lett. 121 (2018) 222001

Some excitement in 2015 about AMS/Pamela
data

This measurement improved the description of
the anti-protons during the propagation or CR

New analysis shows the data are consistent
with anti-protons from propagation only
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hadronisation

charged particle multiplicity
Eur. Phys. J. C74 (2014) 2888

Double differential
measurement of charged
particle multiplicity

General picture is that most
generators underestimate the
particle multiplicity

p > 2GeV, pT > 200MeV
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open heavy flavour

open heavy flavour production

In principle described by pQCD

Can probe very low-x

In LHCb: Measurements of open heavy flavour mesons, baryons and jets
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open heavy flavour

B0, B±, B0
s and Λ0

b production
Phys. Lett. B774 (2017) 139, Chin. Phys. C 40 (2016) 011001, Phys. Rev. D99 052011 (2019)

production asymmetry: B0, B±, B0
s and Λ0

b (7 TeV, 8 TeV)

production cross section: B0, Λ0
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open heavy flavour

D0, D±, D∗, D+
s and Λ+

c production
JHEP 10 (2017) 090 , Phys. Rev. Lett. 122 (2019) 132002, JHEP 06 (2017) 147

production cross section: D0 5 TeV pPp; D0, D+, D+
s , D∗ 5 TeV pp; D0, D+,

D∗, D+
s , Λ+

c 7 TeV; D0, D+, D+
s , D∗ 13 TeV; D0 86.6GeV pHe and 110.4GeV

pAr

production asymmetry: D± 7 TeV D±s 7 TeV, 8 TeV
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open heavy flavour

more open heavy flavour
Phys. Rev. Lett. 118 (2017) 182001, Phys. Rev. Lett. 114 (2015) 062004, Phys. Lett. B736 (2014) 154

production fractions PAPER-2018-047 (Ξ−b )

observation in prompt production (Ωc(3000)0,
Ωc(3050)0, Ωc(3066)0, Ωc(3090)0, Ωc(3119)0)

observation in prompt production (Ξ
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open double heavy flavour beyond fragmentation

B+
c production

Phys. Rev. Lett. 109 (2012) 232001, Phys. Rev. Lett. 114 (2015) 132001
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open double heavy flavour beyond fragmentation

Ξ++
cc production

Phys. Rev. Lett. 119 (2017) 112001
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open double heavy flavour beyond fragmentation

conclusion

There are plenty of LHCb results available to improve our understanding of
heavy flavour hadrons

Description of Charmonium still unclear

Improvements on the theory are needed to describe doubly heavy final states

Very low−x is probed in exclusive production but not utilised in PDF fitting
picture Wikipedia:Arcalino (CC BY-SA 3.0)
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