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* Very good momentum and vertex resolution I .
* Very good discrimination of prompt charm & beauty
* Very accurate luminosity (world record for p-p 7 TeV) o T T 4 2 8 2 4 & & 1o
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 PID optimal forp, p, K, &
* Flexible software trigger
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Overview

* p-p Vs =13 TeV - ~
* Prompt charged particles New o e

* p-Pb \/SNIY — 816 TeV o Vs =8.16TeV ‘ﬂ
* Cross-section ratio o(x)/o(x.) New - < “:‘

 Charm pair production

m Vsyy = 5.02 TeV ‘@*‘

e e
+ Pb-Pb Syy = 5.02 TeV oy &

* J/UP photo-production in hadronic Pb-Pb collisions New

Hans Dembinski - LHCb Heavy-ion and QCD 3



Muon Puzzle in air showers
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Example event from Pierre Auger Observatory  EAS-MSU, IceCube, KASCADE-Grande, NEVOD-DECOR, Pierre
Auger, SUGAR, Telescope Array, Yakutsk EAS Array Collaborations
(HD et al.), EPJ Web Conf. 210 (2019) 02004

* Air showers are hadronic cascades driven by soft-QCD interactions
* Muon Puzzle: u deficit in simulated showers starting at \/syy = 8 TeV g
* Muon production quantitatively linked to forward hadron production

and hadron composition  Ulrich et al. PRD 83 (2011) 054026 Baur et al. arxiv:1902.09265

* Nuclear effects in target important, large interest in p+O
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ALICE, EPJC 68 (2010) 345
LHCb, EPJC 72 (2012) 1947
CMS, PLB 751 (2015) 143-163

p+p — charged particles 7 TeV (ALICE min-bias trigger)
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p+p — charged particles 13 TeV (CMS min-bias trigger)
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https://doi.org/10.1140/epjc/s10052-010-1350-2
https://doi.org/10.1140/epjc/s10052-012-1947-8
https://doi.org/10.1016/j.physletb.2015.10.004
https://doi.org/10.1103/PhysRevD.83.054026
https://arxiv.org/abs/1902.09265

Prompt charged particles

LHCb-PAPER-2021-010-001, to be submitted to JHEP pp 13 TeV 5.4/nb

First double-differential forward charged particle spectrum at 13 TeV
Fundamental measurement for (soft-)QCD, generator tuning, and astroparticle physics

prompt particles
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detection and selection efficiency

Control study on fake track probability
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LHCb preliminary * Loose candidate selection with high efficiency
n€il2.5,3.0), pr/MeVc—t €[479,550)
108 sim: fake ¢ data

I sim: non-fake

=
o
]

Total efficiency from data-adjusted simulation

tracks /0.1

=
o
)

Backgrounds subtracted using data-adjusted simulation;
e.g. fake tracks, tracks from material interactions
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Lo Analysis written completely in Python
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https://scikit-hep.org/

Prompt charged particles

LHCb-PAPER-2021-010-001, to be submitted to JHEP
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Uncertainty (2.3 to 15) %

* Fake tracks < 9.5 % Outlook:

* Material interactions <12 % } reduce each with

* Tracking efficiency < 5.1 % improved techniques
Full covariance matrix will be published for first time for
charge particle analysis in LHCb
Comparison with QCD generators

* Generators mostly overestimate forward density

* Charge density: Best agreement with EPOS-LHC

* Charge ratio: Best agreement with Pythia-8.3

Outlook: Extend to p-Pb and identified hadron spectra
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Cross-section ratio o(x_,)/o(x ;)

arxiv:2103.07349, submitted to PRC Letter p-Pb @ 8.16 TeV 35/ub

* First measurement of prompt x.; and x» production in p-Pb at TeV scale
s x, with J=0,1,2 triplet of orbitally excited charmonia
X and x,, small difference in binding energy, study final state effects with cross-section ratio

* Reconstruction via y, — J/Y y followed by J/y — pp; two photon classes

* Converted photons in material upstream of magnet (high momentum resolution)
* Calorimetric photons (larger sample)

AM = M(ptp=y) = M(ptpm)
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https://arxiv.org/abs/2103.07349

Cross-section ratio o(x_,)/o(x ;)

arxiv:2103.07349, submitted to PRC Letter

* Efficiencies taken from simulation

oy )olx )

(EPOS-LHC + Pythia-8.1)

Selection of prompt ., via pseudo decay-time t,
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p-Pb @ 8.16 TeV 35/ub

t, — (Zdecay — 2pv) X My,
Pz
0(Xe2) _ Nye Exa BXea = J/{7)
O-(X01) NXcl 8Xc2 B(X02 — J/w,}/)

Cross-section ratios compatible with unity
* Forward and backward ratios consistent
* Similar final state effects for ., and x,

Ratio compared to pp 7 TeV
* Double ratio consistent with 1 within
uncertainties (deviation < 20)

 =1.41+021+0.18
R = o(Xe2)/0(Xe1) oPb forward
o(Xe2)/0(Xe1) . =1.4440.24 +0.25
backward

First error: stat.
Second error: sys.
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https://arxiv.org/abs/2103.07349

Charm pair production and DPS scattering

Phys. Rev. Lett. 125 (2020) 212001 p-Pb 8.16 TeV 30.8/nb
* First measurement of charm pair production in p-Pb at 8.16 TeV
* Sensitive to double parton scattering (DPS) P
* Sensitive probe of nPDF g
e Test universality of o in DPS cross-section SPS
C
inclusive prod. cross-sections for A,B C
AR 1 O.AO.B p
Opps =

1 _|_ 5AB Oeff effective cross-section,

\ independent of final state
1ifA=Belse0

* Single parton scattering (SPS)
* Produced hadrons correlated
* Cross-section scales roughly with mass number A
* Double parton scattering (DPS)
e Correlated and uncorrelated hadrons
* Cross-section scaling enhanced, about factor 3 in p-Pb wrt SPS

* Analysis of kinematic distributions of D;D, and J/YD pairs (D = D° D*, D,?)
* Opposite-sign pair, e.g. DOpo SPS enhanced
* Like-sign pair, e.g. D°D° DPS enhanced
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https://doi.org/10.1103/PhysRevLett.125.212001

Charm pair production and DPS scattering

P BROARERE BNl A TR BRRARRAE Cross-sections for all D;D, and J/{D pairs
S 05 w O I ] * Fn=816TeV given in the paper, here:
O 04F ik 1 Qo4fF il 3 — . .
03 H S Q z « DO%DY SPSenhanced (opposite-sign)
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E 02f %i ¢ jgug"lﬁythias _ E 0'2;_ i i jg“;"PythiaS _ D D DPS enhanced (llke Slgn)
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OO-. .0{2 . .0{4. . .OTG. . .0{8. . .-] 00-. . .0{2. . .OI.4. . .0{6. . .0{8. . .-l eXpeCted faCtor 3 enhancement
A¢(DD)/n A¢(DD)/n
Pairs | "5<y(H,) <" 25 15<y(H¢) < 4 | ppextrapolation
Gure / b DYDY | 0.99+ 0.09+ 0.09 141+ 0.11+ 0.10 4.3+ 0.5
eff J$D° | 0.64+ 0.10+ 0.06 092+ 0.22+ 0.06 3.1+ 0.3

Phys. Rev. Lett. 125 (2020) 212001

p-Pb 8.16 TeV 30.8/nb

First error: stat.
Second error: sys.
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https://doi.org/10.1103/PhysRevLett.125.212001

J/J photo-production in hadronic collisions
LHCb-PAPER-2020-043, to be submitted to PRL Pb-Pb 5.02 TeV 210/pb

*  First LHCb measurement in Pb-Pb: Prompt J/{ yields at very low p;
o ?7:8'113$"3%BA*$C'&/SD"+$2'&C'#$;/SEFGH?$,)$,;$%*$4=1I$K'L$% ) #*SMKENEEJ ST $9=4$K'L
o H"-'&)*D/$2-"*" R&"#<8HI@ NS %0#&"),&'%C/5")$8"DD,1,")10

Analysis in centrality classes
o H)*&%D,*/$:%1#$")$#'2"1,*$,)$'D'8*&" (%!)'*,8$8%D" &, (*'&$%)#$PD%<;'&$8%D8<D%*,")
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¢ &"(2*$@BHE'D'8*,")$+,*-$8<*$")$21'<#Bt'8%/$*, (P,

Photo-produced J/y extracted via fit to background-subtracted di-muon p; spectrum
* Efficiency obtained from data-adjusted simulations (EPOS-LHC + Pythia-8.1 + STARIlight)
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J/J photo-production in hadronic collisions

LHCb-PAPER-2020-043, to be submitted to PRL
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Most precise results to date in py
Photo-produced J/{ confirmed as source of ALICE excess
Results compared to predictions with and without

nuclear overlap based on
W. Zha et al. Phys. Rev. C 97 (2018) 044910;
W. Zha et al. Phys. Rev. C 99 (2019) 061901
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https://doi.org/10.1103/PhysRevC.97.044910
https://doi.org/10.1103/PhysRevC.99.061901

Summary
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