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Why to be interested in VM? &=

* 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 / /1 and Y
 The size of heavy quarkonia is relatively small

* Natural way of calculation: color dipole formalism

 Many theoretical quarkonia uncertainties, for
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Color dipole formalism for VM

Amplitude:
1
ATV @ Q) = (VIAP) = [ & [ da Wi (7a) Agg(iz, 0. @) B (70, @)
0
t-dependent differential cross section:

dt 167T

For more details, replay the summary talk by T. Lappi
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Dipole cross section |

Describes the interaction of Q0 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 Il

* Dipole cross section usually represented in terms of
gluon density
4:7T de —’l:_)’f“
0oo(r ) = K} / s {1 —e } s (K*) F(x, k?)
*  Where F(x, k%) is the unintegrated gluon
structure function of the nucleon
* |n practice, the usual phenomenological approach is
using the Fourier transform as

—

AQQ(’FJ'TaO‘ﬂj) :/dee_ig@AQQ(FaajaOéab)

where apply

ocoo(r, ) =ImAgs (7, 7,a,§=0) = 2 /deImAgQ(ﬁx, a,b)
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Dipole cross section Il|

Question: how to determine the partial amplitude
N_(2 b )27
Im cAQQ (r, X, Q, b). :

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

o'é'\(;(pa 37) — Q/deN(CC,P, b)a TG(b) — ! e 2Bg
2t Ba

7.1_22

N (z,p,b) = (1 — exp [— 21\1 QS(N2)$9($7M2)TG(6)])

But what about the proper b-# correlation?
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b-7 correlation

This is the case of
maximal contribution.

e > . .

b || v is simpler to
calculate, no angle
dependence.
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In reality, the angle

between b-7* can be
arbitrary.

One should integrate
over all possibilities.

This is a challenge e.g.
for BK. So far, only the
b || 7 approximation
was used.



Partial dipole amplitude in the saturation model

* Inspired by the Born approximation with two-gluon
exchange

N /= 7 1 d*kd’k’ 2 /2 Lo ib(k—k)
Ay (Fr.0f) = —— [EREE o2y a ) Fla kR e

P N PN S BN R BN
% (6—zk-froe . ezk-r(l—a)) (ezk o e—zk -fr(l—a)) :

B. Z. Kopeliovich, H. J. Pirner, A. H. Rezaeian and I. Schmidt, Phys. Rev. D 77, 034011 (2008)

Fulfils amplitude is zero for b 1 7 and maximal for b | 7
The off-diagonal unintegrated gluon density:

30’0

Flz,k k) =
(@ k. K) 1672 /vy (K2) g (k' 2)

K2 k% R3(z) exp [—% R (@) (K + k') exp [—% R () (F — K'Y

fulfilling

saq(ra) = a0 (1- e[~ 7] )
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Partial dipole amplitude in the saturation model ==

e Then one can derive the form:

ImAgQ(ﬁ T,a,b) =

g0
8mB(x)

{exp

— 2 exp

[E—!— 71— a)]

9 -

2B(x)

T

where  5(z) = R} () +Rj(x)/8

dipole cross section
e RZ can be obtained from GBW, BGBK, ...
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B slope

e 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

1 1 .
B~ T2\ 2 QI N (=
0o(r,z) = 2(1) ) = o) fd b b” ImAS5 (7, @, a,b)

then, for « = 1/2, we can express B(x) as
_ r
00q(r, @) S[L— ¢ /R3]

Where J. Nemchik, N. N. Nikolaev, E. Predazzi and B. Zakharov, Z. Phys. C 75, 71 (1997)
MK, J. Nemchik, R. Pasechnik and J. Cepila, Eur. Phys. J. C79, 154 (2019)

*  Bgg is probed at the well known scanning radius r = 75

2

Bog(r,x) = fd2b b? ImAgQ(ﬁ z,a0=1/2,b) = B(x) +

. BQQ(r =T, X, Qz) can be associated with the diffraction slope
B(y* - V,x,Q%)

M. Krelina | DIS 2021 15 April 2021 12



Comparison
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b || 7 gives maximal slope. The

Compa rison real is smaller.
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Ry y is a good way of how to exclude some models.
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Conclusions

t-dependent differential cross sections of diffractive production
of various quarkonium states with b-7 correlation

. vs models without b-7 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

Ry y 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-# 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
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B slope

 Notes: scanning radius
* Scanning radius corresponds to the typical size of the system
* j.e.dipole sizes where the VM is scanned predominantly
e The fixed values of 75 at different Q lead to very similar cross
sections in electroproduction of different vector mesons —
universality in production

Y

Y
2 J/Y 2
,QZ 4 2 QU /) = M=~ V2 — My,

 Notes: full B slope calculations

1
BT‘L(’Y* — Va S, Q2) : A%,E_}VP('%QQ', J: 0) = /d27"/ da BQQ(T’ 8) O-QQ(T7 S) qj*\;’('f’aa)T.L \IJ’*/* (’F,CY,/QQ)T‘L
0

e =

S N, [ ! ' »
Br(y' = V,s,Q%) - A7 "V7(5,Q°,q=0) = 3£ /d%/ da /dzbbz ImAG, (7, 5, a,b)
0

[Z(Tl)(na Q%) + 2(2)(? a, Qz)]

X

" N .
Br(v* = V,s,Q?%) - AL p_’Vp(s,QQ,(j’: ) = 7‘@/(12 / da/debQImAN (7, s,0,0) Zr(r, 0, Q%), (4
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