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Challenges in VM production studies

v Quarkonia production in pp/pA, as well as high pT forward particle
production in pA, traditionally are very important probes for QCD dynamics
e.g. QCD factorisation, gluon resummations, higher order PT and non-PT effects, medium, CGC etc

X probe for QCD in heavy quark production X probe for large-distance evolution and formation
i heavy quarks provide a naturally hard ) i Quarkonia are suppressed in )
enough scale to study the production a deconfined medium which is believed
mechanisms in perturbative QCD fo be due to a Debye screening of the
\ (factorisation breaking, CS vs CO eftc) ) \heavy quark potential (Matsui-Satz’86) |

K Quarkonia are sensitive to all the stages, from early beavy quark production
to late time evolution and bound states’ formation

v Charmonia are very special!

X Charm quark mass scale is at the boundary between pQCD and soft QCD
X Specific for production and destruction mechanisms in HIC

v J/psi puzzle: highly uncertain production and evolution in hot environment
What is the dominate QCD mechanism and role of the medium? why Rpa is close to one?

Quantitative understanding of VM in pp/pA/AA at
different energies remains a challenge



VM exclusive photo production: an overview
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VM wave functions in the Light-Front approach

1) Go to the rest frame of the quark-antiquark QQ system
2) Solve the Schrodinger equation (SE)

The potential in SE corresponds to the potential between both quark and antiquark

3) Boost it to the light cone (LC) frame

4) Use it for example within the color dipole framework

In case of VM, we can factorize the radial and spin-orbital part

In most cases, the spin-orbital part is omitted Absorbed into normalisation!

If we use the potential of the harmonic oscillator (HO),
we can solve it analytically, and we get commonly used
Gaussian LC wave function (assuming the same spin and
polarization structure as the photon)

HO doesn’t include the Coulomb repulsion
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Quarkonia wave functions: radial part

The QQ rest frame Schrodinger equation for spatial () wave function
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For references and more details see Eur.Phys.J). C79 (2019) no.6, 495;
arXiv:1901.02664
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Boosting and Melosh spin rotation

H.J. Melosh found a relation between of the spin-orbital

Boosting the radial part! part in the QQ rest frame and the LC frame

..from the rest frame to the LC frame H.J. Melosh, Phys. Rev. D 9, 1095 (1974)

Melosh spin rotation
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Exclusive electroproduction of heavy vector mesons

e We study the effects of the Melosh spin rotation in
diffractive electroproduction
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As part of the project we published the VM wave functions We also published grids for electro-

grid at https://hep.fifi.cvut.cz/vm.php for production cross sections with and

with out spin rotation for
* J/,¥(25),Y(1S),Y(25),Y(3S)

» 5 different potentials e 5 different dipole cross sections



Highlights of spin rotation: 1S and 2S charmonia cross sections

o BT pOtentia| + KST/GBW dlp0|e cross section Eur.Phys.J. C79 (2019) no.2, 154; arXiv:1812.03001
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Highlights of spin rotation: 1S and 2S charmonia cross sections
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Buchmuller-Tye potential

e BT potential + KST/GBW dipole cross section
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Highlights of spin rotation: 1S,2S5,3S bottomonia
Buchmuller-Tye potential
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Highlights of spin rotation: 2S/1S and 3S/1S bottomonia ratio

Buchmuller-Tye potential
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c'P JIY p(W,QZ) [n b]

o' P~ Y P(W,Q%) [nb]

1S and 2S electro/photo production: uncertainties
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1S and 2S electro/photo production: uncertainties
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b-dependent partial dipole amplitude: two saturation models
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Differential cross sections: charmonia

C. Henkels E. G de Ol1ve1ra RP and H Treblen Phys. Revw. DIo4, no.s, 054008 (2021)
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Differential cross sections: bottomonia
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Coherent photoproduction off nuclear targets

C.Henkels, E.G.de Oliveira, RP and H.Trebien, Phys. Rev. D104, no.5, 054008 (2021)
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Gluon Wigner distribution from exclusive photoproduction
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Diffractive jetx "
1
Y. Hatta, B. W. Xiao, F. Yuan,
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Dijet observables:
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Proton recoil momentum: kil + kot = —A]

Fourier transform
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Elliptic Wigner distribution and dipole orientation
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Dipole orientation effects . .
P angular correlationin DVCS etc




Dipole orientation effects VM production

Diffractive
photon/VM
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Can only access b-profile
but not kT-dependence
of the gluon Wigner!

B.Z.Kopeliovich, M.Krelina
and J.Nemchik,
Phys. Rev. D103, n0.9, 094027 (2021)

A controversy?



Summary

The dipole picture enables to universally explore VM photo production
off proton and nuclear targets

Proper treatment of the radial wave function and spin effects contribute to
a reasonable agreement with available data on VM photo production
without any adjustable parameters

Predictions for differential cross sections off both nuclear and proton
targets are obtained for excited (charmonia and bottomonia) states

A controversy in the impact of dipole orientation effects on t-dependence
has been spotted in the literature, and more investigations are needed



