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Why to be interested in VM?

Vector Mesons (VM) are used as a probe for example in
heavy-ion collisions

Mostly 1S states of heavy quarkonia are used / /1 and Y
The size of heavy quarkonia is relatively small

But do we use the correct
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VM wave function cookbook |

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

But how is it with the radial and spin-orbital part?
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VM wave function cookbook Il

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

In most cases, the spin-orbital part is omitted (only effect
in normalization)

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)
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VM wave function - radial part

The QO rest frame => Schrédinger equation

A . 2 o ma
—— + V(r) lpnlm(r) — Enlq’nlm(r)a M = ’
210 2

W (F) = Yt (F) Yy (6. @)

Vog(7) - potentials: [ )R = 1.
Harmonic oscillator (HO)

e Cornell potential (COR)

 Logarithmic potential (LOG)

e  Buchmiuller—Tye (BT)

* Power-law (POW)

For references and more details see Eur.Phys.J. C79 (2019) no.6, 495;
arXiv:1901.02664
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Melosh spin rotation PR e

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

partin the QQ rest frame and the LC frame
H.J. Melosh, Phys. Rev. D 9, 1095 (1974)
J. Hufner, Y.P. Ivanov, B.Z. Kopeliovich, A.V. Tarasov, Phys. Rev. D 62, 094022 (2000)
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Exclusive quarkonia electroproduction

 We study the effects of the Melosh spin rotation in
diffractive electroproduction
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VM LC Wave function

Melosh spin rotation
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oy =~ N X;SR (Z:pT)OT,Lk*(l_Z' —Pr)Xe Yv(pr 2)

Some cons[ants QQ - V vertex radial wave function

Vertex option:

Massive photon-like:

Or = m,é e+l(1—2Z)(5' (e V) +FHxé) T,

S-wave-only-like: Op = ¢ - @

Spin rotation matrix

No rotation: R = 1
mq+zMV—i(3><ﬁ)-ﬁT

Melosh spin rotation: R =
\/(mq +ZMV)2 +p%
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Massive phon-like vertex i

Vertex: myé-é+i(1-22)(d-n)(é-V)+{@Ex8é) T,

Performed in light-front (LF) frame

Is rather postulated than computed from the first

principles

The results is D-wave admixture in the QQ rest frame

(the derivative terms represent D-Wave)

* the relative weight of these contributions cannot
be justified by any reasonable nonrelativistic QQ
potential model
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S cena rl OS o

We study several scenarios because n

Scenario |:

*  Photon-like V- QQ

Scenario ll:

*  Photon-like V.= QQ + Melosh spin rotation
Scenario lll:

e PureS-waveV - QQ

Scenario IV:

e PureS-wave V- QQ + Melosh spin rotation

Scenarios IH1+IV in details:

Eur.Phys.J. C79 (2019) no.2, 154; arXiv:1812.03001
Eur.Phys.J. C79 (2019) no.6, 495; arXiv:1901.02664
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Y’ / J/y production
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Relative impact

J /1, Buchmuller-Tye potential, GBW
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Conclusions

Photon-like vertex more difficult to justify

* Besides S-Wave contains also D-Wave

The interplaying D-wave and spin rotation effects is
strongly correlated with a structure of the quarkonium
vertex

The correlation D-wave and spin effects is stronger for
the radially-excited states than in production of
ground state 1S quarkonia due to a nodal structure of
corresponding radial wave functions

We are awaiting more precise data on VM production
especially from EIC where the photoproduction is a
very clear probe
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Thank you for your attention!
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