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Introduction

Description of the v*v* — 1.(1S,2S) transition
Nonrelativistic quarkonium wave functions

Light-front quarkonium wave functions

F(0,0) transition for both on-shell photons

Transition form factor F(Q2, Q3)for v*y* — 1(1S,2S)

Relation between distribution amplitudes and quarkonium wave
functions
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The evolution of the distribution amplitudes
Prompt 1. production in the k; -faktorization approach
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Mass (GeV/c?)

CE N R
4.00 —
375 - _yes) =l =
[ 7m.(29) <
r Xe1(1P)
3.50 —
3.25 - J: total angular momentum
3 P: parity eigenvalue
[ C: charge parity
3.00 — 7.(18) 7 L: orbital angular momentum
L P Z gt 1 1+ ot I ot
r L =0 0 1 1 1 1

ne(18,25)

O Even C-parity charmonia (cC states) : prompt production via gluon-gluon

fusion.

@ A good probe for transverse momentum dependent gluon densities. In the
kr-factorization approach: need off shell matrix element for the fusion of

two spacelike virtual gluons.
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MDESEription of the mechanism 1'" - 1:(15, 25)

Production of 7. in the double-tagged mode of eTe™ collisions
measures the y*y* — 1(1S5,2S) transition form factor.

MMV(’Y*(Ql)’Y*(CD) — 77c) = 4maem (_i)Euuaﬁq%qzﬁ F(Q%, Q%)

dzd?k
@7 ) = et/ [

— z)1673 Wz,
1—-=z
X { k—(1-2)

The light-cone representation of the transition form factor:

z
+
)2 +2(1 - z)a; + m2  (k+ 2d)? + z(1 — z)a] + m?2

3

=
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The general form of the amplitude = the invariant form factor:
1
4T vem

w (Y (@)1 (02) = ne) = (—Newvapai @l F(QT, Q)
light-front directions

We can extract the invariant form factors by calculating the projection on

_ . n - 1
nt*n Y M in the frame g1, = qf’nz + Qi Qo = @3 Ny + Gop,

wy(nk) @

Zy EL7)A

Q (1—2),~ki, A
Frame-independent QQ component from LF-Fock-state expansion:
|Meson; Py, P) =
Z 5 dzd’k
VN, | z(1-—z)l6n3
NP

Vs (2, k)| Qia(2Py, PQ)Q;((l —2z)P4,pg))+- -
O «@r «Zr «2» E
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_rkonium wave functions

o(p) (GeV ™)

U_o,n=

8u(r)
or?

E LA B s e E| 1.4 3|
1.3F E 1.2 E
12F n(18) E 1 E
1 4 08 E
E Buchmuller-Tye 3 = 08 3
095 —__ Cornell 4 3 04 ©S) E
o8t ogarithmi 18 o2 " E
E —— logarithmic 12 ) E
0.7¢] ! 3 = Buchmuller-Tye 3
0.6F - oscillator 3 o -02 E
0.55 — . - power-like 4 Ta-04k — Cornell E
o4t E - oscillator E
03 4 = 08 ithmi E
: E _ — logarithmic E
0.2 E 1B E|
o . 3 -1.2H\ — . - power-like E
. E 1 T sl o L ; ~1.4 :\/\ o L L L L Ti
% 1 2 3 5 0 ] 2 3 5
p (GeV) p (GeV)

Radial momentum space wave function for different potentials.
Radial space wave function are obtained from the Schrédinger equation

J. Cepila, J. Nemchik, M. Krelina and R. Pasechnik Eur.Phys.J.C 79 (2019) 6, 495.

= (Verr(r) — €e)u(r),

/|u(r)|2dr:1 =
0

u(r)=rR(r) ,e=mqE, Ver=moV(r)+ /(/j; L
2 [
u(p) = \/i/ sin(p r)uoo(r) dr
™ Jo
=] = = = = DA



Rest-frame wave functions for J =0

ns from rest-frame -

\UTF(E) =

A k
EQTQTO {r* ( ) 1

spin—orbit

radla,l

Where @ = {](I?_* spin_Singletv S - 07 L= 0
Tk

spin-triplet, S=1,L =1
mapping RF momentum to LC representation

2
- ki” 4 m2
K= (K, )_(kl,1(2z—1)M) M2 = =TT

z(1-2z)°

DA

7/31



ns from rest-frame -

Melosh-transf. of spin-orbit part:

€0 =R(z. ki )xe, & =R(1-2z-k)xs,

R(z, k)= metzM—id-(ix ki)

- 2
\/(mo +zM)2 + k.

O = RY(z,k )0 ioaR* (1 — z,—k . )(io2)~

using properties of Pauli-matrices iop5* (i)™t =

-
O = RY(z,k ) OR(1 — z,—k.).
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Fock-state expansion:

o dzd?k - N
nei Pe Py = > wjv* W\UA;\(Z,kJ_)|c,->\(zP+,pc)C;_\((1—z)P+,pa)>+...

i

Vis(z,k) = Oa(2Py, kL )ysvs((1 — 2)Py, —ki (2, ki)

¢(Z,EL) = \/%CE#

Pseudoscalar (S-wave)

) . B \Uj (Z,E) v _(Z,/?)
Vis(z k) = <\UJ:(z,i) \UJ_F_(Z,/_&)>

Da
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n for Buchmiiller -Tye

v(zk.) (GeV?)n, (1S) v(zk) (GeV?) n(2S)

1577
"r(GeV) 2577

Figure: The light-front wave function 1)(z, EJ_) for Buchmdiller-Tye
potential.
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_ both on-shell photons

2
F(0,0) = 2 Nc4mc-/ ( dzdk  4(z,k)
z

1-2)16m3 k2 4+ m2’
F(0,0) is related to the two-photon decay width by the formula

F(ne = vv) =

2 a2, M3, [F(0,0).

2
F(0,0) = e21/2N, =<

F(0,0) can be rewrite in the terms of radial momentum space wave function u(k)
_dkku(k)

1
/M3, (p2 + m2) 28
we obtain

or (122,

1-8
In the non-relativistic (NR) limit, where p?/m2? < 1,8 < 1, and 2mc o< Mcz oc My,

F(0,0) _eZ\/Nc\[ _/ dppu(p) = e2\/N
_ __k
k2

4R( )
/ Ms
where , the velocity v/c of the quark in the c¢ cms-frame and R(0
b= Torm y v/ q (0)
radial wave function at the origin

[} = =

Dae
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Transition form factor |F(0,0)] for nc(1S) at @ = @3 =O0.

potential type me [GeV]  |F(0,0)] [GeV 1] My~ [keV] fne [GeV]
harmonic oscillator 1.4 0.051 2.89 0.2757
logarithmic 15 0.052 2.95 0.3373
power-like 1.334 0.059 3.87 0.3074
Cornell 1.84 0.039 1.69 0.3726
Buchmiiller-Tye 1.48 0.052 2.95 0.3276
experiment - 0.067 + 0.003 [1] 5.1 0.4 [1] 0.335 £ 0.075 [2]

[1] M. Tanabashi et al. [Particle Data Group], Phys. Rev. D 98, no.3, 030001 (2018).
[2] K. W. Edwards et al. [CLEO Collaboration], Phys. Rev. Lett. 86, 30 (2001) [hep-ex/0007012].

R(0) and y-width for 1c(1S) derived in the non-relativistic limit.

potential type R(0)[GeV3/?] Ty [keV] M =M, [y [keV] M = 2m,
harmonic oscillator 0.6044 5.1848 5.8815
logarithmic 0.8919 11.290 11.157
power-like 0.7620 8.2412 10.297
Cornell 1.2065 20.660 13.568
Buchmiiller-Tye 0.8899 11.240 11.409
1
ol ) = = YN dme / K03 — ) (2, k) and / do gl 12) = 1
z(1—2z) 16n3 o

[m] = = =

T 9ae
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Transition form factor |F(0,0)| for 1c(2S) at Q? = Q% =0.

potential type mc [GeV] |[F(0,0)| [GeV 1] Iy [keV] e [GeV]
harmonic oscillator 1.4 0.03492 2.454 0.2530
logarithmic 1.5 0.02403 1.162 0.1970
power-like 1.334 0.02775 1.549 0.1851
Cornell 1.84 0.02159 0.938 0.2490
Buchmiiller-Tye 1.48 0.02687 1.453 0.2149
experiment [1] - 0.03266 + 0.01209  2.147 + 1.589

[1] M. Tanabashi et al. [Particle Data Group], Phys. Rev. D 98, no.3, 030001 (2018).

R(0) and y~-width for 1c(2S) derived in the non-relativistic limit.

potential type R(0) [GeV3/2] T, [keV] M =M, [, [keV] M = 2m,
harmonic oscillator 0.7402 5.2284 8.8214
logarithmic 0.6372 3.8745 5.6946
power-like 0.5699 3.0993 5.7594
Cornell 0.9633 8.8550 8.6493
Buchmiiller-Tye 0.7185 4.9263 7.4374

o & = = = 9Dae
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_n form factor F(Q? 0)/F(0,0)

T T 1 T T 3
0.9P3 oscillator, m, = 1.4 GeV E oscillator, m, = 1.4 GeV E
08 E N logarithmic, m, = 1.5 GeV E logarithmic, m = 1.5 GeV E
“E ceeeeeeen. power-like, m= 1.334 GeV E| .. power-like, m = 1.334 GeV E|
s 0-7? — — Cornell, m = 1.84 GeV ERES —  — Cormell, m = 1.84 GeV E
o 06 — . — Buchmuller-Tye, m = 1.48 GeV 3 =) ~— . — Buchmuller-Tye, m = 1.48 Ge
LoE ES
6: 0.5:— = 6:
o E 1 o
O 04f 1%
T F E
0.3 3
0.2 ; .
o1 4 BABAR data 2009 E 01 E
B vty 1y 0 ey
10 20 30 40 10 20 30 40 50
2 2
Q* (GeV?) Q* (GeV?)

Figure: Normalized transition form factor F(Q?,0)/F(0,0) as a function
of photon virtuality Q2. The BaBar data are shown for comparison. J. p. Lees
et al. [BaBar Collaboration], Phys. Rev. D 81, 052010 (2010) [arXiv:1002.3000 [hep-ex]].
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(Qlan)—ez\/_ / dzd?x

21— )16V (@
y { l—z
k—(1-2)

)% +2(1 — z)a7 + m?

z

(1
Tz rea-a@rm O
In NR limit, the relative motion of quark and antiquark is neglected
This leads to ¥(z, k1) oc 6(z — 1/2)8%(k1)

> oy 4e2y/Ne 1
)=, W+ @

2 R(O)v
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ition form factor in the
Harmonic oscillator potential
model

Culomb-like potential model
1 m
(r) Q W2r2

V(r)=—b/r
uoo(r) _ 233/2

too(r) = 375 r exp[—r/b]
— I exp [ — 1a2r2} )
l/4 2 here b is fitted parameter
with a = /(mg/2)w
2 —p?
uoo(p) = 1/4—33/2P exp {W}

(p) = 2V/2 2p b3/2
ugo(p r 1t 02
| o) dr = [ uoo(p) P dp = 1

[m]

=

Dae
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R(r)=u(r)/r

Harmonic oscillator
potential model

3/2
R(0) = %77
a=/(mg/2)w

w= 2 (4 R(0))?

2
mQ

Coulomb-like potential
model
R(0) = 57,

e

Upo(P) (GeV'™?)

sition form factor in the

0.9/

o
()]
PR TR IR I T

me=1.48 GeV, fixed R(0) = 0.8899 Ge\*?

— Harmonic oscillator
— Coulomb
---= Buchmuller-Tye

i
4
|
i

Cobn bbb e o b b s e el

4 5



ansition form factor in the

U(z,ky) = —27;\/, = uOop(p)

v(zk, ) (GeV?n, (19) v(zk, ) (Gev?n, (19)

\
N\

\
AN
(RO

0302
07060504
508

05
T 15 2 55 060807
ki (Gev) z ki (Gev) z

Figure: Harmonic oscillator — left, Coulomb-like, — right
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ition form factor in the

1 —_
09F\ m,=1.48 GeV, fixed R(0) = 0.8899 Ge\*? =
0.8f- E

) 0-7; \ m— Buchmuller-Tye é

S osf —_ - =

T g ++ A Coulomb E

) 0'5? s, Harmonic oscilator E
04f ++ . =

T osf ~ 3

T
0.2:* =]
0.1 =
0: I I R I 1 o

0 10 20 30 40 50

o & = = T 9ae
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F(Q3,Q)(GeV)

IRStactor F(Qf, %) 7y — ne(15.25)

F(Q3,Q)(GeV) 1, (2S)

20
30
Q;( Ge Vz)

0.005
2
30
4 ©
40 5550 403 @

0

3%

0
2010
5 030 Ng!
e(Geve) 40 5650
Transition form factor for 7c(1S) and 1.(2S) for Buchmiiller -Tye potential. The

sign of Bose symmetry @7, @3.
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Q2 — Q2 _
g M@

QP+

2

0
10
5 20
3
The v*4* = nc (1S) and v*v* — nc (2S) form factor as a function of (Q5, Q3) and

/' Iy

7 ///’
,,,11%',5@,,,,

(w, Q2) for the Buchmiiller-Tye potential for illustration
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RIS HE behaviour of Q°F(Q",0)

The rate of approaching of C)QF(QZ7 0) to its asymptotic value predicted by
Brodsky and Lepage G. P. Lepage and S. J. Brodsky, Phys. Rev. D 22, 2157 (1980).
Q*F(Q?*,0) — gf,,c, while @* — oo

oscillator -.-.-.- logarithmic oscillator ~.==.- logarithmic
....... power-like — . Comnell weeuen poWer-like — . Comell
— . Buchmuller-Tye — . Buchmuller-Tye
12 T T 1 12 T ]
S ———— . 3
=~ s [ @ ]
8§ & osf 3
‘g 0] b ool
L o4 4 L oaf =
ked ] & f
] [ e ]
02| B o2l e =
] [ = ]
| 1 L L | | | 1
70 £ ® 0 5 70 L ] 0 El
Q° (GeV?) Q" (GeV?)

Q?F(Q?,0) as a function of photon virtuality Q> Therefore the horizontal lines
gfnc are shown for reference.
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nd quarkonium wave

C 22F =
o E 3
2 — 18 =
F 16 =
o 15 — o ME E
3 RIRE= E
N F N E
s L = s E
C 0.8 =
r 06 3
osf- — Oscillator — 04 — Oscillator 3
r ——— Logarithmic E — Logarithmic E
== Power-like 0.2 -..Power-like E
| | | | | |
02 04 06 08 02 04 06 08
z z

Distribution amplitudes for different wave functions for 7. (1S) (left panel) and for 1
(2S) (right panel).

1
fplzif) = gy [ PRO0E ) vz
/Oldw(z,u%) =1

o> <& = E T 9ae
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amplitudes:

_ distribution amplitudes

Thanks of the Gegenbauer C,f/z polynomials we can expand the distribution

o(z,1%) = 62(1 — 2) (1 +a(?)CP(2z — 1) + ) ,
and then extract the coefficients:

as(p) Yn/Bo
a,,(,U/) = an(/”'O) : |:as(”0):|
(1980) 2157

with the anomalous dimensions «,, which can be found for example in Phys.Rev.D 22

n+1
2
Yn = Cr (1

1 2
‘m“gm)’ fo=gNe=3N

Dae
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_istribution amplitudes

Extracted coefficients a,(po), for the Buchmiiller-Tye potential
n_ an(po) mc(1S)  an(po) ne(25)

2 -0.284 -0.0765
4 0.0635 -0.1627
6  -0.008157 0.128
8  -0.000619 -0.049
10 0.000216 0.0088
! (1—2) (2, 1p)
F(O2.02) — 2 £ . / d s g
(Qr, Q) = ec fy. 0 z{(l—z)2Qf+z(1—z)Q§—|—m§
zp(z, 1) )
22Q2 +2(1—-2)Q3 + m2



_ distribution amplitudes

e n

S ]
© 0.8 n
O ]
S o6l -
?2, [ Buchmuller-Tye,nc(1S) 1

LL .

5 04 ---- via LFWF ]
[ — . via DA, no evolution

0.2 —_ via DA, evolution b

ol bl b b ]
0 50 100 150 200 250 300 350 400

Q? (GeV®)

Buchmuller Tye n (2S)
---- via LFWF

— . via DA, no evolutiol

— via DA, evolution

PRI SRNTER N MY | PRI BT RVENS MUY= N RTRA )

200

00 600 800

Q*GeV?)

7000

Q*F(Q?) for ne (1S)(left panel) and 7. (2S) (right panel) as a function of photon

virtuality. The horizontal line is the limit for Q2 — oo, calculated for

the Buchmiiller-Tye potential.
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_ of 17(1S,2S) via gluon-gluon fusion

P do dzal_l = 2 /dQZjJ.Q = 2
— = F(x ——= F(x,
ne(1,25) dyd?p, / Wfllf ( 17Cu1) 7TC71_§ ( 2 Clu)

_ _ - T o
X 5(2)(41_1 +§1y—PL) WV\/”Z,

where the momentum fractions of gluons are fixed as x1» = m7 exp(£y)/+/s.

The off-shell matrix element is written in terms of the Feynman amplitude as
(we restore the color-indices):

Catani, Ciafaloni & Hautmann; Gribov, Levin & Ryskin, Collins & Ellis

ot LB e e s
IGialldial™ ™ |Gillga * 7 "

+ = Aqc
—  _n"n, M
2|g11/lq1]

In covariant form, the matrix element reads:

M?b — (—i)drase q"qﬂi-rr[tatb] I(EjJ_2 (_jJ_2).
v s cpvapBdl 42 \/I\Tc 1,912

To the lowest order, it is proportional to the matrix element for the v* v,

. 2 o 2y .
vertex. In particular, the form factor /1(§.1,G15) is related toﬁ]the Y Y e
transition form factor F(Q?, Q%). Q> =g

G12as F(Q2. Q) = e2/N. I(G.2,d.2) 2
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F(ne = vy) =To(ne — )

)

20— 12 as
1- =2
MLo(ne = vv) = FazuM; |F(0,0).

(ne — gg) = TLo(ne — gg) (1 +4.8% ).

order approximation.
Experimental values

Derived from NLO
Mot (MeV) |F(0, 0)|gg[GeV_1]

nc(1S) 31.940.7 0.11940.001

nc(2S) 11.3+3.2+2.9 0.053+0.010

Radiative decay widths as well as |F(0, 0)| obtained from ', using leading order and

Total decay widths as well as |F(0,0)| obtained from [to;: using the next-to-leading

next-to-leading order approximation.
Experimental values Derived from LO

Ty (keV) |F(0,0)|[GeV ]
nc(1S) 5.0 £0.4 0.067+0.003
nc(2S) | 1.9 £1.3 107" - T, (o)

Derived from NLO

|F(0,0)]1y[GeV 1]
0.079+0.003
0.03340.012

0.038+0.014
M. Tanabashi et al. [Particle Data Group], Phys. Rev. D 98, no.. 3; 030001 (2018).
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_—> different potential models

S 10 ET R T eV & L7 UGD: RN o MUFT20 740
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S0t el T Power-law -
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g B / \\ — Harm(.)nic .oscillator ]
108 ?/ \\‘“.;\\: - -+ Logarithmic E

| iy z
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Ennriy
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- | m,(18) prompt production LHCb data \é
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< e T T T T T T T T T <10°er T T T T T T T T
3 i arsanal IIE T T T 3 %10 ELT8TEV TEL A T T T T3
9] e power-law potential E| o £~ power-law potential |
‘g 106 / Prany FF normalized to F(0,0)=0.079[GeV]| -E FF normalized to F(0,0)=0.079[GeV']
o === KMR from MMHT2014nlo ; o - KMR fom MMHT201dn0. 3
3 — e 1 3 — e ]
° o

— = KMR + Kutak (linear)

<=~ KMR + Kutak (noniinear) |

AN

— — KMR + Kutak (linear)
- KMR + Kutak (nonlinear)

10 | n(15) prompt production LHCb data 10| n,(15) prompt production LHC data \:‘\1\ 3
- ~s
| 20qas F|—— 20ea5 ~]
e e s O AR B | S s e e sl AR AR AP

o2 4 6 8 10 12 14 k 6 8. 10

P, (GeV) P, (GeV)

2 [T TR T T ™
& 10 power-law potential
5 E .~ FF normalized to F(0,0)= 0079[GBV'E
2
= F / D --= KMR from MMHT2014nl0
S0 £ — . e
v Ef- KM + Kutak (inear)
gt KMR + Kutak (nonlinear)

10°

10%

R. Aaij et a. [LHCb],
10| Eur. Phys. J. 80, n0.3, 191 (2020)

Fl o 2ogas

Y e e e e
6 8

]
01

14
P, (GeV)
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dc/de (nb/GeV)

X

5
EVe< e T T T S WETET 2= T T T
B= 7TV 2= E - SRR 0 A " E
L power-law potential j 9 E power-law potential 3
[ FF normalized to F(0,0)-0.038[GeV] | 2 r FF normalized to F(0,0)=0.038(GeV
B R - === KMR from MMHT2014nlo
T Hse 1 2 (= — Hset2 3
— = KMR + Kutak (linear) © L \\\ — — KMR + Kutak (inear)

77" KMR + Kutak (nonlinear)

- N

-+ KMR + Kutak (nonlinear)

10 10
1,25) 20<y<45 ,(25) 2.0<y<4.5
) T B I W I S A N BN AR A
2 4 3 8 10 12 14 2 0 g 8 10 1z 14
P, (GeV) P, (GeV)
ST T T T T
5 [ V5= 13Te fiz=Tmk
o F power-law potential q
= FF normalized to F(0,0)=0.038[GeV] |
o =7 KMR from MMHT2014nlo
$ F
E = UHset2 1
— = KMR + Kutak (linear)
KMR + Kutak (nonlinear) |
1,(25) 2.0<y<4.5
Y N N IR AV N
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[} = =
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vae = vac (gt - ne(15))
Prompt hadroproduction of nc(1S,2S) in
the kt-factorization approach,

Xeo/7e(15) JHEP02,037(2020),

Vae = yace(ghg® = xo(1P))
Hadroproduction of scalar P-wave
quarkonia in the light-front kt
Generic diagram for central exclusive -factorization approach JHEP06,101(2020)
production of 7 and xco, -
Phys.Rev.D102, 114028(2020)

M=

)

s 51 o /d2QVqCZ FoTa, %', QG 1, 1%, 1) FeM (2, X', Q%G1 5, 12, t2)
Sq2z %aa
2 2 Ng -1 QQaL%aJ_%

Durham model of CEP, Int. J. Mod. Phys. A 29, 1430031 (2014), [arXiv:1405.0018 [hep-ph]]

R. S. Pasechnik, A. Szczurek, and O. V. Teryaev,

1 1 | M[2dty dtadyded Phys. Rev. D 78, 014007 (2008),

77 25 28745
t1 = (p1 — p})?, t2 = (p2 — p)? and ¢ € (0,2m)



https://link.aps.org/doi/10.1103/PhysRevD.102.114028
https://doi.org/10.1007/JHEP02(2020)037
https://doi.org/10.1007/JHEP06(2020)101
https://doi.org/10.1142/S0217751X14300312
https://doi.org/10.1103/PhysRevD.78.014007

KMR off-diagonal gluon:

Int. J. Mod. Phys. A 29, 1430031 (2014),
[arXiv:1405.0018 [hep-ph]],

Eur. Phys. J. C 35, 211-220 (2004)

T ’ 2 2 2
]:;,KMR(XivX , QU a k) =

[xetx, )/ Tala?  12) 2 FO

¢ ding®. 2 =2

Qizj_ = min(Qi, inL)’ i =1,2 - Durham prescription

QizL = 02 2 i =1,2 - BPSS prescription

CDHI off-diagonal gluon:
Eur. Phys. J. C 61, 369-390 (2009)

& r 2 2 2
Feopur(i, x', Q1 i, 17, ) =

a p _ 2Q% 2
Ry | ——— T. 2’ 2 R 2 .#.Fr
g[amgoz\/ £(Q2, 12) xe(x, @) e

bt _
F(t) = exp (;) , b=4GeV

PST off-diagonal:
Phys. Rev. D 78, 014007 (2008).

off ’ 2 2 2
]:g,PST(XhX y QLG 1) =

\/Qi FEBW (x/, @2 )2 FGBW

2)\/Tel @ n) Fe

30
GBW 0
fg ( )= Roqlexp[ RoqL]v

xq e

J. nghEnergyPhys.03(2018)102.
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0 5 = : = o 2
MO(Y Y, B, Bia) = ise1(BL)Re(Y—y,BL2)

M(Y,% ﬁll»ﬁJ_Q) = M(O)(Y,% 5J_17ﬁJ_2) - JM(Y:Y»5L1,5J_2)7

= = = 2 -
X V(PL1,PL2)Rp(y, BL3)®2(P1,)
SM(Y,0,511,B1,) =

KL T(s, k1) ( BB, K )2)
— T(s, ex| - =

2(271_)2 €1 P > D\P11 1

1

= 7 \2 - T - e
Xexp (—EBD(PLz_kL) ) XV(PLit+ki,P1Lo—ki)

PiL

f vy
(1

ﬁZL

. 1 s
T(s, k1) = o2 () e (= SBa(9kL”)
V5 =13TeV = P
(110.6 + 3.4) mb,

tot
Bg) = (20.36 + 0.19) GeV ~2
G. Antchev et al. [TOTEM
Collaboration],

Eur. Phys. J. C 79, no.2, 103 (2019)
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xeo & om0 0] | 55 o [nb] | S
PST GBW 3.7 0.22
PST RS 21 45 0.21
CDHI GJROSNLO 42 7.5 0.18
KMR GJROSNLO 29 3.7 0.13
BPSS GJROSNLO 61 8.0 0.13
do abs 2
ne d“JyMw] Gy op ly=0 [MB] | S)_o
PST GBW 1.8 x 102 39x 103 0.22
PST RS 9.0 x 1073 1.9 x 1073 0.21
CDHI GJROSNLO 1.8 x 10! 4.0 x 1072 0.22
KMR GJROSNLO 1.3x 10! 3.0 x 1072 0.23
BPSS GJROSNLO 5.8 x 102 2.2 x 1072 0.38

52

da/dy’y:

do’Born/dy‘yZO
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O The transition form factor for different wave functions obtained as a
solution of the Schrédinger equation for the cc system for different
phenomenological cC potentials from the literature, was calculated.

O We have studied the transition form factors for v*+* — n. (1S,2S) for two
space-like virtual photons, which can be accessed experimentally in future
measurements of the cross section for the ete™ — e"e 1. process in the
double - tag mode.

@ The transition form factor for only one off-shell photon as a function of its
virtuality,was studied and compared to the BaBar data for the 7-(1S) case.

@ Dependence of the transition form factor on the virtuality was studied and
the delayed convergence of the form factor to its asymptotic value gfnc as
predicted by the standard hard scattering formalism, was presented.

@ There is practically no dependence on the asymmetry parameter w, which
could be verified experimentally at Belle 2.

@ In our calculation of absorptive corrections, we restricted ourselves to the
so-called elastic rescattering correction.

@ Depending on the gluon distribution used, we obtain for the x. the gap
survival values of % = (0.13 — 0.21), while for the 7. production, they are
somewhat higher, $? = (0.21 — 0.38).
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