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4 Introduction: Charm hadrons N

e More than 15 papers or conference notes on charm hadrons since last summer
» A brief tour through these recent results
e Many previous papers not covered here

e Hidden charm production
e Charmonium in pp collisions at 7, 8 and 13 TeV

e Open charm
e D meson production in pp and pp collisions
e D meson production in pPb and PbPb collisions
e Multiplicity dependence and azimuthal correlations

e Associated production
e Y and open charm
o J+Y, Jp+Jhp

e More results in “X(3872) and its bottomonium counterpart” (Konstantin Toms) and
in the Heavy lon sessions
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/| Overview of charmonium analyses

windows

from primary pp vertex)
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e Use di-muon decays JAp, (2S) = pu:
e Easy for reconstruction and triggering
e Di-muon triggers with invariant mass

 Prompt: Produced directly in the pp
interaction or through feed-down decays
from higher charmonium states

e Non-prompt: Produced in decay chain of
B-hadrons (decay vertex can be displaced
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Differential J/v, Y(2S) cross sections, 7+8 TeV (pp)

* Prompt and non-prompt production:
o Jhp, p(2S)at7 TeV (2.1 fb'), 8 TeV (11.4 fb)
e Double-differential: range 8 < p;< 110 GeV and |y| < 2

e Prompt compared to NLO
NRQCD theory calculations

e Fair agreement between

calculation and data
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e Non-prompt compared to fixed-order-next-to-leading-
log (FONLL) calculations

e Jhp: FONLL predicts slightly harder p;
e (2S): Shapes agree, but yields higher in FONLL
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d°c/(dp_dy) (ub/(GeV/c))

Forward quarkonium production at 8 TeV (pp)

* Inclusive production:
o Jhp, P(2S) at 8 TeV (1.2 pb)

 Differential: range 0 < p; <20 (12) GeV and 2.5<y<4
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4 Quarkonium production at 13 TeV (pp) _C1'\5/|%-OP5AS-BPH

 Prompt and non-prompt production: April 2016
o Jhp, (2S) at 13 TeV (2.4-2.7 fb) CMS
e Double-differential: range 20<p; <120 (100) GeV and |y| < 1.2
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Forward J/4 production at 13 TeV (pp)

dcs/dpT [nb/(GeV/c)]

e Prompt and non-prompt production:

e Jpat13 TeV (3.05 pb)

» Double-differential: range p;<14 GeV and 2.0<y<4.5

Prompt cross-sections
compared to NLO NRQCD
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* Non-prompt compared to fixed-order-
next-to-leading- Iog (FONLL) calculatlons
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Non-prompt fractions at 7, 8 and 13 TeV (pp)
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e increases with py
— e no strong dependence ony

e some change from lower c.m. energies

Forward:

e increases with p;
e tends to decrease withy |
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Open charm production: D mesons

* D mesons produced incand b

fragmentation

» Theoretical calculations to NLO and NLL
» Still large theoretical uncertainties (scales,

multiple interactions)

e Aim:
e Test QCD

e Understand backgrounds to new physics
e Baseline for heavy ion collisions

e Decay modes:
e DO 5 Kt
o D" > K n* ot*

e D.*>» ¢t — (K" K¥) n*
D* — DO + n* — (K™ &t*) +xt*

(+charge conjugates)
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D* meson production at low py, \s=1.96 TeV (pp)

CDF note 11199,

June 2016
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arXiv:1512.02913,
Nucl. Phys. B907

/| D*, Dt and D,* meson production at 7 TeV (pp)
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e Fiducial cross-sections for D**, D*, D.,*: 3.5<p,<100 GeV, |n|<2.1

o Differential cross-sections for D**, D* compared to NLO predictions:
e GM-VFNS - agrees both in shape and normalization
e FONLL, POWHEG, MC@NLO ~agree within large theoretical uncertainties
e MC@NLO - shape differs from data in |n| at higher p;

» Extrapolated to give total cc cross-section and charm fragmentation ratios
o' = 8.6 4 0.3 (stat) & 0.7 (syst) & 0.3 (lum) £ 0.2 (ff)fi:i (extr) mb
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Prompt charm production at 13 TeV (pp)
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D meson production in pp (and pPb)
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D° meson production in pp, pPb and PbPb

25.8 pb™! (5.02 TeV pp)

P, (GeV/c)
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* More details in Heavy lon session: a quick overview here

CMS-PAS-HIN-16-001,
June 2016
LHCB-CONF-2016-003,
May 2016
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Multiplicity dependence and azimuthal correlations (pp, pPb)
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Yields for D9, D*
and D**as a
function of
charged particle
multiplicity

Average D meson
yields in p; bins

Yield increase
independent of py

Faster than linear
increase with
multiplicity at
central rapidity

Consistent with
models which
produce cc in
multi-parton
interactions
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e Azimuthal correlations:

hadronic activity near
and away from D-meson
momentum vector

e Very similar for pp, pPb
e Described by Pythia and

Powheg MC

N T
2 2.5 3 0 0.

Near side
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arXiv:1510.05949,
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Associated production of Y and open charm (pp)

Y(1S,2S5,3S) in 7, 8 TeV pp data
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Simultaneous production of J/y and Y (pp)

arXiv:1511.02428,
Phys. Rev. Lett.

DY, L = 8.1 b

’\fvenls
heak ANMI(J/y) AM(Y)

AM(Y)

peak

AM(JFy)
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8
7 * Measure JAp2>un and Y(1S,2S,3S)2>uu w
at Vs=1.96 TeV

» Separate prompt and non-prompt J/ip
using decay length

e Prompt JAp+Y signal:
12.0+£3.8+£2.8 events (3.20)
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ATLAS-CONF-2016-047,
August 2016

o Jhp pairs at 8 TeV (11.4 tb) ATLAS
. pT> 8.5 Gev and |y| < 2.1 EXPERIMENT

e Fraction from DPS determined from kinematic correlations

4 Prompt J/4 pair production (pp)

ATLAS Preliminary (528 ToV 141" ATLAS Preliminary Vs=8TeV, 11.410"

DPS template
(mixed events)

SPS contribution
in data
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4 Summary N

e Many results from LHC Run1 and Tevatron Run Il allow detailed tests of QCD
e Quarkonium and open charm states
e Comparison of pp, pp, pPb and PbPb environments
e Double-parton scattering estimates

* First results from LHC Run 2 have been presented, using 13 TeV collisions

* New data extend the reach to higher p; and continue to probe our understanding
of QCD phenomena

* Public results from LHC and Tevatron:
o https://twiki.cern.ch/twiki/bin/view/ALICEpublic/ALICEPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://www-cdf.fnal.gov/physics/physics.html

http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
https://Incb.web.cern.ch/lhcb/Physics-Results/LHCb-Physics-Results.html %
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/| p(2S) and X(3872) > J/y wtr at 8 TeV

o See talk by Konstantin Toms
o X(3872): ‘Exotic resonance’ previously measured

by Belle, BaBar, CDF, DO, CMS
» Mass of X(3872) close to D’D*" threshold
* Jhp ' decay channel
e 11.4fb"1at8 TeV
s g ‘ — 3 5 I ‘ A
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ATLAS-CONF-2016-028,
June 2016

ATLAS

EXPERIMENT
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Prompt: NRQCD
slightly overestimates
at high pq,

Colour Singlet
underestimates

Non-prompt: FONLL
describes data well
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W(2S) and X(3872) > J/y *w at 8 TeV
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Non-prompt fractions agree with

Lett. 114 (2015) 191802

e 7 CMS
within uncertainties
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JHEP 04 (2013) 154, Phys. Rev.

FONLL
recalculated
for X(3872)
overestimates
data

T

Br(X(3872)—Jiyp (u*w)w*r)d?o/dp_dy[nb/GeV]

Theory / Data

ATLAS-CONF-2016-028,
June 2016

ATLAS

EXPERIMENT

NRQCD agrees well: interprets X(3872) as
a mixed y.,(2P)- DY D*0 state
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