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1. Introduction

Both vector meson and dilepton production are flag processedtraperipheral nucleus-
nucleus collisions. In these processes nuclei do not eotfidectly one with each other. Only
particles of interest (vector mesons or dileptons) areywed. Such processes are characterised by
small multiplicity. Those processes are induced by strdagtemagnetic fields sourounding col-
liding high-energy heavy ions. Both vector meson produncéind dilepton production was studied
in traditional nuclear collisions in a broad range of cadliss energies. At high energy collisions
one is interested in making a relation to production of gtgldon plasma which is a traditional
topic of interest in the field.

Three years ago the ALICE collaboration obserdg¢d with very small transverse momentain
peripheral and semi-central collisions [1]. This was ipteted in [2] as effect of photoproduction
mechanism which is active also in such a case.

Last year the STAR collaboration observed also enhancetlption of dielectron pairs with
small transverse momenta [3]. Last year we showed [4] thantly be interpreted g/ — ete~
processes (with coherent photons) even in the semi-cemiiaions.

In this presentation we briefly review the new processesgchvine call semicentral to be
distinguished from central or ultraperipheral collisiangensively discussed in the literature.

2. A sketch of the formalism

We start by showing the general situation in the impact patanspace.

In Fig.1 we show the situation fal/¢ production. The production of meson “happens” in
the second nucleus. There are two contributions: (a) eitieefirst (left) or (b) the second (right)
nucleus emits a foton which fluctuates and rescatter in thimgranucleus. There is a region of
overlapping nuclear densities where quark-gluon plasmeested. Can vector mesady (V in our
case) be produced then ? A comparison with experimentalndaysanswer this question.

QGP QGP

Jip Jip

Figure 1. Emission of]/{ - a picture in the plang,y perpendicular to the collision axig)( In the gray
area quark-gluon plasma is created.

A b-space picture for dileption production is representedignZ- In general, the dilepton pair
may be produced everywhere in tfig, by) space. It is worth of noting that a big contribution may
come from the red region, i.e. outside of the nuclei. Othgiores have less sure status.
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Figure 2: Dilepton production - a picture in the plamgy perpendicular to the collision axig)( The area
with the question mark is the region where quark-gluon pastreated.

The main ingredient for the photon-photon fusion mechansstine flux of photons for an ion
of chargeZ moving alongz-axis at a given impact parameter with the relativistic psetery. With
the nuclear charge form factégm, as an input the flux can be calculated as [5, 6]
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whereJ; is a Bessel functiong; is photon transverse momentum asdis photon energy. We
calculate the form factor from the Fourier transform of tlielear charge density.

The differential cross section for dileptoh(~) production viayy fusion at fixed impact
parameter of a nucleus nucleus collision can then be wrdisen
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where the phase space elemert§s= dy, dy_dp? with y.., pr andm the single-lepton rapidities,
transverse momentum and mass, respectively, and
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As can be seen from Eq.(2.1), the transverse momenta of tierzhhave been integrated out, and
in this approximation dileptons are produced back-to-tiadke transverse plane.

An exact calculation of the palr dependence is, in general, rather involved. In Ref.[4]
we performed a simplified calculation usibgntegrated transverse momentum dependent photon
fluxes.

O_}lz

3. Sdlected results

3.1 J/y production

In Fig.3 we show our results (cross section in the ALICE raypichterval) starting from cen-
tralities bigger than 30%. The ALICE Collaboration could eatract actual values of the cross
section for the two lowest centrality bins. The results wheimg standard photon fluxes exceed
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Figure 3: Ao /Ay cross sections for different centrality bins. Theoretieslults for different models of the
photon flux are compared with the ALICE data [1]. The shaded agpresents the experimental uncertain-
ties.

the ALICE data. Rather good agreement with the data is aetiehen the overlap region in Fig.1
is removed (which corresponds 6?2 in [2]).

The J/y corresponding to the photoproduction mechanism are ctrated in the region of
very small transverse momenta. So far, according to my kedgd, there were no attempts to
describe transverse momentum distributions af mesons. In thé-space approach it is just the
Dirac delta.

3.2 e"e production

The dielectron invariant-mass distribution is shown in.&FigHere we show results fé <
0.15 GeV (transverse momentum of the pair) and three diffezentrality classes as selected in
the STAR analysis: peripheral (60-80%), semi-periphe4@§0%) and semi-central (10-40%)
collisions. In peripheral collisions the photon-photomtiibution dominates while in semi-central
collisions all three contributions are of similar magnigudTheir sum is in good agreement with
the STAR data, except for thi/yy peak region. Our calculations contain only incoherg&ny
production, from binary nucleon-nucleon collisions. Wajeature that the missing contribution is
due to a coherent contribution [2].

Can we describe also transverse momentum distributionbeoé'te” pair ? Theb-space
approach sketched above is not enough to calculate trasgsmaymentum distributions of the pair
which is a Dirac delta function in the approximation madeé¢hélo calculate the distributions in
transverse momentum of the pair one needs rather momentoroaagh. In our recent paper we
considered &;-factorization approach. In this approach one considese$lwf photons which
depend on photon energies and photon transverse momenthis lvay one gets rather shapes
of the transverse momentum distributions. The normabraim a given bin of centrality may be
taken from theéb-space calculation. Our results are shown in Fig.5. We sheavantributions of
other processes considered in [4].
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Figure 4: Left: Dielectron invariant-mass spectra for pRir<0.15GeV in Au+Au(/S\w=200 GeV) colli-
sions for 3 centrality classes including experimental ptanece cutsif >0.2 GeV,|ne|<1 and|yete-|<1)
for yy fusion (solid lines), thermal radiation (dotted lines) ahd hadronic cocktail (dashed lines); right
panel: comparison of the total sum (solid lines) to the STARJ3].
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Figure5: Pr spectra of the individual contributions (line styles ashia previous figure) in 3 different mass
bins for the 60-80% centrality of the Au+Au collisiong&n=200 GeV), compared to the STAR data [3].

In general, there could be also dependence of transversentom distribution of the pair on
impact parameter (centrality of the collision). In our apmthere is no correct formalism in the
literature in this respect. We will discuss this issue elseng.

4. Conclusions

Here | have briefly reviewed a new category of processesvbsed in last three years. | have
started my presentation from low transverse momentum ptaduofJ/ . It was shown that cross
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section for such processes strongly depends on the regiotpatt parameter space. In particular,
the region (in impact parameter space) of overlapping rmndensities is interesting as there quark-
gluon plasma is created. We have discussed a potentiat effée plasma on production df .
By comparing to the ALICE data we are inclined to concludd tha production ofl/ in this
region seems to be suppressed. This provides a new infamarti the space-time picture of the
vector meson creation.

| have presented also results for dielectron productiorRigtC energies. The low transverse
momentum dielectron production can be understood as dygte ete~ subrocess in heavy ion
collisions. We obtained a good agreement with the STAR datalifferent centralities. | have
pointed out the essential geometrical difference betvesen andJ/y production. In our recent
paper we presented also first trial to understand transveoseentum distributions af* e~ pairs.
This is a very interesting observable which requires furdtieention in the future.
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