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Why to be interested in VM?
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• Vector Mesons (VM) are used as a probe for example in 
heavy-ion collisions or saturation phenomena in ep, eA

• Mostly 1S states of heavy quarkonia are used 𝐽/𝜓 and Υ
• The size of heavy quarkonia is relatively small

• Natural way of calculation: color dipole formalism

• Many theoretical quarkonia uncertainties, for 
example:
• Quarkonium vertex
• Wave function vs

𝑄 ത𝑄 potential
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Color dipole formalism for VM
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Amplitude:

t-dependent differential cross section:

For more details, replay the summary talk by T. Lappi



Dipole cross section I
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• Describes the interaction of 𝑄 ത𝑄 with a proton
• Nonperturbative effects, no theoretically calculable
• Just models

• Nevertheless, qualitatively we have ideas what is
going inside

• In perturbative area described by gluon distribution
function

• Various models on the market: GBW, KST, IP-Sat, BGBK, 
BK, …

• Usually, they are fitted from DIS data, mostly from HERA

• However, such a fit is integrated over impact parameter 𝑏
• For t-dependence we need b-dependent dipole cross

section (amplitude)
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Dipole cross section II
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• Dipole cross section usually represented in terms of 
gluon density

• Where ℱ(𝑥, 𝑘2) is the unintegrated gluon 
structure function of the nucleon

• In practice, the usual phenomenological approach is 
using the Fourier transform as

where apply
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Dipole cross section III

M. Krelina | DIS 2021| 15 April 2021

• Question: how to determine the partial amplitude 

Im 𝒜𝑄 ത𝑄
𝑁 Ԧ𝑟, 𝑥, 𝛼, 𝑏 ??

• Answer: for the first approximation we can 
consider Gaussian distribution, e.g. IP-sat

• But what about the proper 𝑏- Ԧ𝑟 correlation?
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This is the case of 
maximal contribution.

𝑏 ∥ Ԧ𝑟 is simpler to 
calculate, no angle 
dependence.
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In reality, the angle 

between 𝒃-𝒓 can be 
arbitrary.

One should integrate 
over all possibilities.

This is a challenge e.g. 
for BK. So far, only the 

𝑏 ∥ Ԧ𝑟 approximation 
was used.  

𝜃



Partial dipole amplitude in the saturation model
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• Inspired by the Born approximation with two-gluon 
exchange

Fulfils amplitude is zero for 𝑏 ⊥ Ԧ𝑟 and maximal for 𝑏 ∥ Ԧ𝑟
The off-diagonal unintegrated gluon density:

fulfilling
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Partial dipole amplitude in the saturation model
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• Then one can derive the form:

where

• This prescription is universal for all exponential-like
dipole cross section
• 𝑅0

2 can be obtained from GBW, BGBK, …
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B slope
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• Common mischief:
• People tend to fit VM t-dep data to get proper 

parameters and reproduce the B slope

• B slope can be calculated as

then, for 𝛼 = 1/2, we can express 𝓑 𝒙 as 

where
• 𝐵𝑄 ത𝑄 is probed at the well known scanning radius 𝑟 ≈ 𝑟𝑆
• 𝐵𝑄 ത𝑄 𝑟 = 𝑟𝑆, 𝑥, 𝑄

2 can be associated with the diffraction slope 

𝐵(𝛾∗ → 𝑉, 𝑥, 𝑄2)
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Comparison
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Comparison
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𝑏 ∥ Ԧ𝑟 gives maximal slope. The 
real is smaller.



Comparison
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Bigger effect for VMs ratio. 



Results
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Results
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Results
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𝑅𝑉′/𝑉 is a good way of how to exclude some models.



Conclusions
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• t-dependent differential cross sections of diffractive production 

of various quarkonium states with 𝑏- Ԧ𝑟 correlation

• vs models without 𝑏- Ԧ𝑟 correlation (using the same wave 
function)

• br-GBW, br-BGBK exhibit a better description of HERA data 
then b-IPsat, b-CGC, b-BK and b-Sat

• 𝑅𝑉′/𝑉 is a good way of how to exclude some models.

• t-dependent differential cross sections for quarkonium 
electroproduction on protons can be generalized for nuclear 
targets

• 𝑏- Ԧ𝑟 correlation leads to a specific polarization of the produced 
quarkonia, which can be observed in the polar angle 
asymmetry of the dileptons from quarkonium decays

-> in progress
19



Thank you for your attention!
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B slope
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• Notes: scanning radius
• Scanning radius corresponds to the typical size of the system
• i.e. dipole sizes where the VM is scanned predominantly
• The fixed values of 𝑟𝑆 at different 𝑄2 lead to very similar cross 

sections in electroproduction of different vector mesons –
universality in production

• Notes: full B slope calculations
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