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@ precision from pQCD

@ inclusive vector bosons This talk is intended to show as many
© QCD resummation needed LHCb results as possible. Some are well
@ vector bosons with jets modelled others not so much. | have to
© multi parton interactions make a selection since there are currently
Q diffractive production 493 papers published by the LHCb
@ 2015 preliminary ultraperipheral J/i)  collaboration. The full list is here. |
© charmonium puzzle recommend to have a look at this list.
© ladronisation My selection is strongly biased by my
@ open heavy flavour personal interest.
© open double heavy flavour
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html

]
What s needed to describe LHCH 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 bmeﬂy touch a variety of our results to hzghlzght these
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LHCb experiment Muon Identification
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LHCY experiment

Muon-System

optimal p p,K*, m* produced inside the VELO

ok K9, N0 v, eT, 70

challenging stable neutral hadrons n, K}
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zgnaz M LHCb detector

available data

; lisi beam on gas (fixed target)
proton collisions

b

Large samples at 7,8 and 13 TeV, s %\?: 110\/%,@\/
smaller samples at 0.9, 2.76 and 5 TeV E He 110 QeV
protons on lead ions

or . p Ar 110 GeV
lenlc)l - at 5 TeV and 10nb™ " at 8.1 TeV Pb Ar 69 GV
ead 10ms

3 p He 110 GeV
;I'E\)/;?);arrjsles from 2015 and 2018 of about 200 ub " He 86.6 GeV
Tenon 1ons
N 11

Few hours of data taking with a low intensity beam. P © 0 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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perturbative QCD

J.Phys.Conf.Ser. 1271 (2019) no.1, 012008
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https://arxiv.org/abs/1904.04130

Z boson production
JHEP 09 (2016) 136
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Results at 7, 8 and 13 TeV
and in p lead at 8.1 TeV
PDFs already include the
previous LHCb results
Collinear factorisation is
working perfectly for the fully
inclusive quantities

For a description of ¢* and
boson pr resummation of
parton showers are needed
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Z boson production

JHEP 09 (2016) 136
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Z boson production
JHEP 09 (2016) 136

@ Results at 7, 8 and 13 TeV

v ¢ 16F - - —3 and in p lead at 8.1 TeV
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T
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(8]0 VR BT AR A vector bosons with jets

Z plus jet
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vector bosons with jets

QCD resummation needed

Z plus jet

JHEP 01 (2014) 33
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W boson production

vector bosons with jets

JHEP 12 (2014) 079
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2014-033.html

(8]0 VR BT AR A vector bosons with jets

associated production of W= bosons with heavy jets
Phys. Rev. D92 (2015) 052001

@ Use muon isolation to

- 8 T T T . . :t
Vo E il e v e e identify W= boson
g | mv
s | m
LR @ Two BDTs to separate
’ light/heavy and
o3 35— % .
ribd) beauty/charm jets
a
v @ 20 GeV jets, anti-k7, R=10.5
Results MCFM (CT10) prediction
» 7 TeV 8 TeV 7 TeV 8 TeV

% x10°  0.66+013+£0.13  078+0.08+0.16 07474 0.77t918
‘;(("V'Z) x 102 5.80 £ 0.44 £ 0.75 5.62 & 0.28 £ 0.73 5.0274,8 5.317G,%,
A(Wb) 0.51 = 0.20 + 0.09 0.27 £ 0.13 £ 0.09 0.2774% 0.2874 %
; A(Wc) —0.09+£0.08£0.04 —0.01+0.05+004 —0.1574%  —0.147%4%
wt; 0.28 0.16
LA 104940284053  0.44+019+047  9.00%%, 9.4819%0
w=) +0.21 +0.13
T 6.61 + 0.19 =+ 0.33 6.02 £ 0.13 4 0.30 5.7975 % 552555
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2015-021.html

(8]0 VR BT AR A 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)

o+t = 239 + 53(stat) + 33(sys) + 24(theory)thb
o7 = 289 + 43(stat) & 40(sys) & 29(theory)tb

bep final state (13 TeV)

o = 126 £ 19(stat) &+ 16(sys) &= 5(/umi)fb

All measurements are between 2 and 4.5 in rapidity.
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/p/LHCb-PAPER-2015-022.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/p/LHCb-PAPER-2017-050.html

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

DPS _ 0G0G
9,6 =@ oDPS
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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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2013-062.html

multi part

double charm

JHEP 06 (2012) 141, Addendum

JHEP 03 (2014) 108
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2012-003.html
https://doi.org/10.1007/JHEP03(2014)108

multi part

double charm
JHEP 06 (2012) 141, Addendum JHEP 03 (2014) 108
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2012-003.html
https://doi.org/10.1007/JHEP03(2014)108

open charm and bottomonium

double Jip at 7TeV and 13 TeV
JHEP 07 (2016) 052
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2015-046.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2011-013.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-057.html

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

hole radius
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diffractive production

central exclusive production
JHEP 10 (2018) 167
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-011.html

Ui Ta g el 2015 preliminary ultraperipheral J/2)

differential coherent cross section
LHCb-CONF-2018-003
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Ui Ta g el 2015 preliminary ultraperipheral J/2)

differential coherent cross section
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diffractive production

non relativistic QCD

LHCb-CONF-2018-003

@ pQCD calculation

@ leading order
@ leading twist

e EPS09 PDF
@ LTAS strong nuclear shadowing
o LTA_W weak nuclear shadowing

V. Guzey et. al.
Phys. Rev. C93 (2016) 055206
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diffractive production

colour dipole model
LHCb-CONF-2018-003

@ Three parametrisations for
the dipole nucleon cross
section

o |IM
o IP-Sat
e CGC

@ Two wavefunctions

o Boosted Gaussian
e Gauss LC

Goncalves et. al.
Phys. Rev. D 96, 094027 (2017)
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Ui Ta g el 2015 preliminary ultraperipheral J/2)

colour dipole model
LHCb-CONF-2018-003
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Phys. Rev. D 96, 094027 (2017)
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diffractive production

colour dipole model
LHCb-CONF-2018-003

@ Three parametrisations for
the dipole nucleon cross
section
o |[IM
o IP-Sat
o CGC

@ Two wavefunctions

o Boosted Gaussian
o Gauss LC
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diffractive production

colour dipole model
LHCb-CONF-2018-003

@ Three parametrisations for
the dipole nucleon cross
section

o |IM
o IP-Sat
e CGC

@ Two wavefunctions

o Boosted Gaussian
e Gauss LC
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Ui Ta g el 2015 preliminary ultraperipheral J/2)

colour dipole model
LHCb-CONF-2018-003

@ Similar Model

@ Boosted Gaussian
wavefunction

@ Glauber Gribov methodology

e Geometric Scaling

J. Cepila et. al.
Phys. Rev. C97 (2018) 024901
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Ui Ta g el 2015 preliminary ultraperipheral J/2)

colour dipole model
LHCb-CONF-2018-003
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@ Gauss LC wavefunction © 3F
@ Calculations with and without 2.5F
nuclear fluctuations 2F
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Ui Ta g el 2015 preliminary ultraperipheral J/2)

double central exclusive production

J. Phys. G41 (2014) 115002
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charmonium puzzle

quarkonia

Jip is the main workhorse
but many other states are studied, ¥(2S), 7c, Xc1, X2, Xc1(3872), T, Xb...
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charmonium puzzle

prompt inclusive Jp production cross section
JHEP 10 (2015) 172
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charmonium puzzle

JIp production polarisation

Eur. Phys. J. C73 (2013) 2631, Eur. Phys. J. C71 (2011) 1645
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charmonium puzzle

prompt ne production
BEur. Phys. J. C75 (2015) 311
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2014-029.html

charmonium puzzle

prompt production of x1.(3872)

Eur. Phys. J. C72 (2012) 1972

other quarkonia measurements
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2011-034.html

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

Jip production in jets

Phys. Rev. Lett.118.192001
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-064.html

hadronisation

Jip 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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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2019-012.html

hadronisation

anti protons in proton Helium collisions

Phys. Rev. Lett. 121 (2018) 222001

1079

@ Some excitement in 2015 about AMS/Pamela
data

@ This measurement improved the description of

5/ ®p

the anti-protons during the propagation or CR ~ 10°F"

@ New analysis shows the data are consistent
with anti-protons from propagation only 100

see also
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-031.html
https://agenda.infn.it/event/18734/contributions/98725/attachments/66175/80848/Mariani_IFTWorkshop_LHCbAstroInputs.pdf

hadronisation

antt protons in proton Helium collisions

Phys. Rev. Lett. 121 (2018) 222001

_ 2015
10 \
@ Some excitement in 2015 about AMS/Pamela %
data 5 %m Humﬂﬁﬂ%ﬁwﬁ@ﬁp e
@ This measurement improved the description of % | | JlEE e .
the anti-protons during the propagation or CR R4 _— —_—
@ New analysis shows the data are consistent ~10p” = o
with anti-protons from propagation only JCAP 1509 (2015) 023
see also

arXiv:1906.07119 (2019)
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https://agenda.infn.it/event/18734/contributions/98725/attachments/66175/80848/Mariani_IFTWorkshop_LHCbAstroInputs.pdf

charged particle multiplicity

Bur. Phys. J. C74 (2014) 2888
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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

B°, B=, BY and AY production

Phys. Lett. B77} (2017) 139, Chin. Phys. C 40 (2016) 011001, Phys. Rev. D99 052011 (2019)

e production asymmetry: B%, B*, B? and A9 (7 TeV, 8 TeV)
e production cross section: B%, A9 (7TeV, 8 TeV) B, B%, A9 (8.1 TeV pPb), BT
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D°, D=, D*, D and A} production

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

e production cross section: D° 5TeV pPp; D°, D*, D, D* 5TeV pp; D°, D+,
D*, DS+, Ai 7TeV: D°, D, D:', D* 13 TeV; D° 86.6 GeV pHe and 110.4 GeV
PAr

e production asymmetry: D¥ 7TeV DF 7TeV, 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) 15}
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2014-061.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2014-010.html

W R Y TR i Tl beyond fragmentation

B production
Phys. Rev. Lett. 109 (2012) 232001, Phys. Rev. Lett. 114 (2015) 132001
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2012-028.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2014-050.html

W R Y TR i Tl beyond fragmentation

* production
Phys. Rev. Lett. 119 (2017) 112001
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-018.html

(W R Y TR i T 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)

Albert Bursche risultati misti 1%t October 2019 40 / 40


https://commons.wikimedia.org/wiki/File:Mainz_Theodor-Heuss-Bruecke_blaue_Stunde_Panorama.jpg

	precision from pQCD
	inclusive vector bosons

	QCD resummation needed
	vector bosons with jets

	multi parton interactions
	diffractive production
	2015 preliminary ultraperipheral J-3mu/-2mu 2mu

	charmonium puzzle
	hadronisation
	open heavy flavour
	open double heavy flavour

