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Introduction

» The mechanism of meson production in proton-proton
collisions is not fully undersood. The string-model is an
option considered e.g. in Phythia. But not all meson
production can be explained via string fragmentation.

» The gluon-gluon fusion for 7. and x. quarkonium
production was shown recently to be the dominant
mechanism [1,2].

» In contrast the mechanism of light meson production is
not known. Is there gluon-gluon fusion important effect 7
Very recently we have considered production of £,(980)
[3] and shown that gluon-gluon fusion is important
contribution but not sufficient to describe ALICE data.

» Here we consider inclusive production of tensor £,(1270)
meson.
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Introduction




Ewerz-Maniatis-Nachtmann (EMN) vertex

FE e @) = 235y, M) (a1, 42) FO(QR, @2)
by T2 (a1, ) FO(Q2.Q3), (1)

with two rank-four tensor functions,
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Ewerz-Maniatis-Nachtmann (EMN) vertex

To obtain ay,, and by, in (1) we use the values

F(f, — vy) = (2.93 4 0.40) keV ,

helicity zero contribution & 9% of '(f, — 77).

Using the exp. decay rate

mg 1
(= 1) = g (gmloel? + e 7).

and assuming af,, > 0 and by, > 0, we find

afy = Qem X 1.17 GeV 7?2,
bty = Qom X 2.46 GeV ™!,

where a., = €?/(47) =~ 1/137 is the electr. coupling
constant.



Pascalutsa-Pauk-Vanderhaeghen (PPV) vertex

Poppe and Pascalutsa et al. shown that the most general
amplitude for the process v*(q1, A1) + 7" (g2, A2) — H(A),
describing the transition from an initial state of two virtual
photons to a tensor meson f, (J¢ = 2+%) with mass my, and
helicity A = 2, +1, 0, involves five independent structures
(invariant amplitudes).



Pascalutsa-Pauk-Vanderhaeghen (PPV) vertex

In the formalism presented by Pascalutsa et al. the
v*v* — £(1270) vertex is parameterized as

fr s
FLZJJQ(QD @) = A47maem { |:R}Ui(q1a @)RuA(q1, @) + ax Ruv (a1, @2)(a1 — @) (@1 — qz)x]

x — 12, @2)
mfz

@ 1 )42 A2
+Ruk(a1, @2)(a1 — @) | 91 + — % o T(QL, @)
H

4 1 ),2 o2
+Ruk(q1; @2)(q2 — g1)x | 920 + - qw ;T (@3, Q1)
p

1
+Ruv (a1, @2)(a1 — a2)k (a1 — @2)a — T(O’T)(les @)
f

Qf Q3 L 0,2 2
+ |9+ —au Qv+ —qw | (@1 —@)slar —@)x—= T 7(Q, Q) 0

(®)



Pascalutsa-Pauk-Vanderhaeghen (PPV) vertex

where photons with momenta g; and g, have virtualities,
Qf =—qgiand QF =—q3, s = (q1 + q2)° =2v — Qf — @3,
X=1v>-q2q¢3, v=1(q1- @), and

1
Ru(d1.02) = ~8ut 57 [V (Quud + G2u0) = 6020020 — G390,

9)
TM(Q?, Q3) are the v*v* — £(1270) transition form factors
for A £,(1270) helicity.For the case of helicity zero, there are
two form factors depending on whether both photons are
transverse (superscript T) or longitudinal (superscript L).
We can express the transition form factors as

TM(QF, @) = FV(QE, @) TM(0,0). (10)

In the limit Qf, — 0 only T®7) and T® contribute.



EMN vs PPV vertices

Comparing the two approaches at both real photons
(Q? = @ =0) and at /s = my, we found the correspondence

3
mg,

4701 TOD(0,0) = —apy, =2 (11)
AT e TP(0,0) = —bgyy 2y, . (12)



g g" — £(1270) form factor(s)
,(1270) is extended, finite size object and one can expect an
additional form factor(s) F(Q%, Q3) associated with the gluon
virtualities for the g*g* — £, vertex. In our work the form
factor is parametrized as:

/\2
FG.Q) ~ g 13
N2 ?
AR - (grorm) - 09
> 2 NN
F(Qb Q2) Qf +/\% Qg _}_/\% ) (15)
> o2 A3 A
F(QL, @) = (16)

(QF +M3)* (B + A3
where A is a parameter whose value is expected to be close to

the resonance mass.
No form factor in earlier work by Jeon et al.



k:-factorization approach

f2(1270)

Rysunek: General diagram for inclusive f,(1270) production via
gluon-gluon fusion in proton-proton collisions.



k:-factorization approach

The differential cross section for inclusive £,(1270) meson
production via the g*g* — £(1270) fusion in the
k.-factorization approach can be written as:

do d*q; d’q, 2
_Yv j: .q /_]: ’ 5 _
dyd2p / q1 sba,q1) [ — p ¢(x2,a3) 0 (q1 + g, — p)
(X1X2$)2 ‘Mg g* H7(2| : (17)

Here g;, g, and p - the transverse momenta of the gluons and
the £,(1270) meson. The f, meson is on-shell and p? = m%.
Mg+, is the off-shell matrix element for the hard subprocess
and F, are the unintegrated gluon distribution functions (UGDFs).
The UGDFs depend on gluon longitudinal momentum fractions
x12 = m7exp(+y)//s and q2, g3 entering the hard process. In
principle, they can depend also on factorization scales /ﬁ_-’,-,
i=1,2. We assume u%l = N/2r72 = m2T Here mt is transverse

mass of the £(1270) meson; mr = \/p? + m . The 6@ function
above can be eliminated bv introducine a. - aa and a. — a-



k:-factorization approach

The off-shell matrix element can be written as (we restore the
color-indices a and b)

X1X2S
2|q4]|q,|

ab — qftqgt ;3“[; — q1+q2— n+“n_VMZ?, —
lq1|q2] |q1/|q2]

+u —v ab
T MG, (1

with the lightcone components of gluon momenta
g1+ = X11/5/2, g2— = x21/5/2. Here the matrix-element reads

M, = TE (que, goe) (€2 ()" (19)

where €(%) is the polarisation tensor for the £,(1270) meson.



k:-factorization approach, energy-momentum
tensor

In the k;-factorization approach in Jeon et al. the matrix
element squared was written as:

_ 1
2
[Mgrgx 512 = " E [Mgxgx |

AL A2: g,
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where X1, Ay, /\f2 are the helicities of the gluons and f, meson, a, b are color indices, N¢ is the number of colors,

V:[’ﬁ‘“/ is the gg — f, vertex. (see Jeon et al.) and k &= O(0.1 GeV) is to be fixed by experiment.
No form factor(s), no as.



k:-factorization approach

The g*g* — £(1270) coupling entering in the matrix element
squared can be obtained from that for y*y* — £(1270)

coupling as:
1 1
2 2 : 21

Here (< €7 >)* = 25/162 for the \%2 (uU - d(_f) flavour
structure.

In realistic calculations the running of strong coupling
constants must be included. In our numerical calculations
presented below the renormalization scale is taken in the form:

2 2 0 2 2
oy — as(max {m7, q1}) as(max {m7, q3}). (22)
The Shirkov-Solovtsov prescription is used to extrapolate down
to small renormalization scales. The strong coupling constant
was not included by Jeon et al.



A simple 77 final-state rescattering model

Rysunek: General diagram for the 77 final-state rescattering
leading to 1,(1270) production in proton-proton collisions.

Both 777~ and 7270 rescatterings may lead to the production
of the £(1270) meson.



A simple 77 final-state rescattering model

The spectrum of pions will be not calculated here but instead
we will use a Lévy parametrization of the inclusive 7° cross
section for /s = 7 TeV. At the ALICE energies and

midrapidities we assume the following relation:

| | :>7Ft :>7Ft ' ' :>7Ft 23

Our approach here is similar in spirit to color evaporation
approach considered, e.g. for J/1.



A simple 77 final-state rescattering model

We write the number of produced £,(1270) per event as

dpyddy dN™  dN™
2m 21 dyidpy: dy>dpo:

N = /dY1dP1t/dY2dP2t

Tr—fy 5

(24)
where dN™/(dydp;) is number of pions per interval of rapidity
and transverse momentum. Here we use the Tsallis
parametrization of 7° at y/s = 7 TeV (Abelev et al.); Above
P,._r, parametrizes probability of the 777~ and 7%7°
formation of £,(1270) as well as probability of its survival in a
dense hadronic system. It will be treated here as a free
parameter adjusted to the £,(1270) data from the Lee thesis.
The distribution dN™/(dydp;) is obtained then by calculating
y and p; of the £(1270) meson and binning in these variables.
The effect of hadronic rescattering is also discussed recently by
Utheim and Sjostrand.



Numerical Results

To convert to the number of £(1270) mesons per event
(ALICE data) we use the following relation:

N _ 1 do
dpt Oinel dpt ‘

(25)

The inelastic cross section for /s = 7 TeV was measured at
the LHC and is:

Ol = 73.15+ 1.26 (syst.) mb, (26)
ome = 71.34+0.36 (stat.) £ 0.83 (syst.)mb, (27)

as obtained by the TOTEM (Antchev et al.) and ATLAS (Aad
et al.) collaborations, respectively. We take oy, = 72.5 mb.



Numerical Results
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Rysunek: The £,(1270) meson transverse momentum distributions
at /s =7 TeV and |y| < 0.5. The preliminary ALICE data from
Lee thesis. The results for the EMN (left panel) and PPV (right
panel) g*g* — £(1270) vertex for different F(Q3?, Q3) ff are

shown.

In this calculation the JH UGDF was used.



Numerical Results
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Rysunek: The £,(1270) meson transverse momentum distributions
at /s =7 TeV and |y| < 0.5 together with the preliminary ALICE
data. Shown are the results calculated in the two approaches,
EMN (left panel) and PPV (right panel) vertices, and the helicity-0
and -2 components separately and their coherent sum (total). Here
we used dipole form factor parametrization with Ap = my,. The
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Numerical Results
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Numerical Results
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momenta for the JH UGDF and for two g*g*£,(1270) vertex
prescription: EMN (left panel) and PPV (right panel). Here we
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Numerical Results

We have checked that

2 2
d“oEMmN (d OpPV

dqi:dgo: \ dg1:dqo;

-1
) — 1, for g+ — 0 and g — 0,

(28)
i.e. the two vertices are equivalent for both on-shell photons.



Numerical Results
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Numerical Results
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Comment on exclusive pp — ppfh(1270) process

We present the Born result (without absorptive corrections
important only when restricting to purely exclusive processes)
for the pp — ppf(1270) process proceeding via the
pomeron-pomeron fusion mechanism calculated in the
tensor-pomeron approach.

In the calculation we take the P — P — £,(1270) coupling
parameters from Lebiedowicz-Nachtmann-Szczurek 2018.



Conclusions

» We have performed calculation of the gluon-gluon fusion
contribution to inclusive £,(1270) production.

» k.-factorization approach with the KMR and JH UGDFs
has been applied.

» the g"g*f(1270) couplings has been obtained from the
v*v*£(1270) couplings

» Both MNE and PPV set of vertices have been used.
Helecity 0 and 2 only
They are equivalent for on-shell photons (gluons).
The equivalence relation has been found.

» The coupling constants were found from:
the vy — £(1270) — 77 reaction.

» Form factors are unknown. They were parametrized, and

the corresponding parameters adjusted to the
pp — £(1270) preliminary ALICE data (Lee thesis)



Conclusions

» FF not included in earlier calculations of Jeon which
would be in conflict with the ALICE data.

» Only transverse momentum distributions for p; > 3 GeV
could be explained as due to gluon-gluon fusion.
Very difficult to explain low p; part.

» A toy model for w7 rescattering was discussed.
The model can explain low-p; data by adjusting one
parameter and cannot explain larger-p; data.

» pp — pph(1270) was included but its contribution is very
small.

» Form factors were parametrized here but should be
calculated in future with realistic gg wave functions.



