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Abstract: Based on the generalized QCD vector meson dominance model and the QCD Inspired
Eikonalized approximation, Y7V interaction has been studied in this paper. Unlike the usual calcula-
tions of the vy interaction by the Feynman box diagram technique, we explore the process by QCD
theory in which Y7 elastic scattering proceeds through a strong interaction between two pairs of
quark-antiquark fluctuated by two scattering photons. Due to the fact that the mediator of strong
interaction is colorful gluon,and gluon has a property of self-interaction which can bind exchanging
gluons together to form glueballs. The colorless tensor glueball (two Reggeized gluon bound
state) and Odderon (three Reggeized gluon bound state) could be the mediators of the interaction
between the two quark-antiquark pairs. This mechanism is very different from the other theoreti-
cal descriptions of the process. In particular, the contributions from virtual gluon, bound quark-
antiquark to form a fluctuated meson, are taken into account. We calculate the total cross section
0w » the differential cross section do/d¢, the ratio of the real part to the imaginary part of the for-
ward scattering amplitude p, and the nuclear slope parameter function 8 of 77 elastic scattering.
Our theoretical predictions for o, are consistent with the experimental data within error bars of the
data. The data for do/d¢, p and B are urgently needed to test our theoretical model.
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1 Introduction scattering is forbidden in classical physics. Howe-
ver, in the theory of quantum electrodynamics
The linearity of Maxwell’s vacuum equations (QED), the quantum vacuum possesses nonlinear
does not allow electromagnetic waves propagating  properties so that the photon-photon scattering
in vacuum to interact, and therefore photon-photon may occur, owing to the interaction with virtual
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electron-positron pairs. As we know that QED
non-linear vacuum effects is of importance in the
neighborhood of strongly magnetized astrophysical

‘21 Effects such as electron-positron pair

system
creation and elastic photon-photon scattering may
even play an important role in future laser-plasma
experiment” °!. Moreover, since the photon-pho-
ton elastic scattering is a purely diffractive process
of particle physics, namely there is no any quan-
tum number exchanged between initial and final
state of the YY interacting system, it can offer a va-
riety of insights into the diffractive mechanism of
particle physics. At the same time, this YY process
can also provide many opportunities to learn about
quark gluon contents of photon nature, to search
for new physics and new particles such as the ten-
sor glueball and Odderon, which have been predic-
ted by QCD, QCD variants and Color Glass Con-
densate model (CGC) % Therefore, it can, in
return, test the validity of various theories and
models, in particular QCD and CGC model.

Many studies of YY interaction have been done
both experimentally and theoretically. Theoretical-
ly, Refs. [9—11] describe photon-photon scatter-
ing in terms of the Lagrangian density of Heisen-

]

berg and Euler''*’. In addition, its cross section

has been confirmed by the QED calculation of

3] However, Karplus and

Karplus and Neumann
Neuman’s calculation is not reliable because they
have put some additional but unphysical conditions
on the QED calculation''" so as to reproduce the
result obtained by Heisenberg and Euler. In parti-
cular, the effective LLagrangian proposed by Heis-
enberg and Euler for the vacuum polarization
effects is physically incorrect since it disagrees with
the observation that photon is always massless. In
this respect, it is quite important that a new calcu-
lation of the photon-photon scattering must be
done in a modern theory at the present.

Direct observation of elastic photon-photon
scattering among real photons would, because of

its fundamental importance to QED, be of great

scientific importance. Although, during the last
decades several suggestions on how to detect elastic
photon-photon scattering have been made'*, no
suggestions have, so far, led to actual detection of
photon-photon scattering among real photons. The
measurements with sufficient accuracy must be
very difficult since photon cannot be at rest but al-
ways at the speed of light. To detect photon-pho-
ton scattering, the related process is photon split-

[16]

ting mechanism"'*. In fact, it is well known that a

photon interacts with another photon via the box

U4 where fermions and antifermions are

diagrams
created from the vacuum state. Namely, the pho-
ton-photon scattering is the reaction process arising
from the particle nature of photon, in contrast to
its wave nature such as conventional diffraction or
interference phenomena in optics. In QCD, a pho-
ton can split into a quark-antiquark pair. The pho-
ton self-energy is born of this splitting quark-anti-
quark loop. The quark-antiquark loop in incident
photon certainly interacts with another loop in tar-
get photon through strong interaction since they all
have a long life time to interact each other during
the scattering process. This picture naturally
forms a new basic mechanism of photon-photon in-
teraction. We name this mechanism as generalized
QCD vector meson dominance model. It has been
successfully applied in our previous publications on
T meson photo-production and p meson electro-
production off the proton at high energies''™.
Now, we try to extend the model to the study of
high energy 7YY elastic scattering.

In this paper we study the YY interaction in the
generalized QCD vector meson dominance model
and using the QCD inspired eikonalized approxima-
tion. We take all the contributions from quarks
and virtual gluons in two fluctuated mesons to
measured physical quantities into account. The
mediators of the interaction between two colliding
vector mesons are the tensor glueball and Odd-
eron, instead of the usual Pomeron exchange in the

conventional study of particle diffraction.
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This paper consists of five parts. In Sect. 2,
we briefly introduce the generalized QCD vector
meson dominance model. In Sect. 3, we present
our QCD inspired eikonalized approximation and its
formulism. In Sect. 4, our present theoretical pre-
dictions and its comparisons with experimental da-
ta are given. Finally, we reserve our summary and

conclusions for Sect. 5.

2 Generalized QCD vector meson do-

minance model

The first people to point out that a photon
(even virtual photon) can fluctuate into a vector

L8] " In order to introduce this

meson was Gribov
Gribov’s vector meson dominance model, we begin
with studying the process of vector meson electro-
production YN—VN at high energies. According to
Gribov’s model, before YN interaction takes place
the incident photon exclusively fluctuates into a
vector meson V. The life time (coherence length)
of the fluctuated vector meson can be expressed as

2
1 =9 D)

b
mxp N

=/ =

where Q* is the photon virtuality ( momentum
squared) , and m is the mass of the target nucleon.
This coherence length of the fluctuated vector
meson is much larger at high energies than the size
of the meson. In this case the photon-nucleon in-
teraction can be replaced by meson-nucleon interac-
tion. The model assumes that the hadronic compo-
nents of the vacuum polarization of the photon con-
sist exclusively of the known vector mesons (p, w,
é» J/¢, T). Since Gribov’s work, the interaction
between the photon and hadronic matter has been
remarkably well described by this vector meson
dominance model.

According to the quark model of hadron struc-
ture in QCD, a meson consists of a quark and an
antiquark. Nucleon is made up of three valence
quarks. They all are bound together tightly by ex-

changing gluons. For instance, vector mesons are

believed to be a bound state of quark-antiquark pair
with quantum numberJ™ =17~ which is just the

quantum number of photon.

_ L

2
1 — - _ — _
=—(dd+uw, $ =ss, J/¢p=cc, T=hbb.

w 7 ¢ ¢

p+=ua, p’=da, 0’ (dd — uw),

Therefore, it is reasonable and safe to believe that

the photon-nucleon interaction may proceed
through strong interaction between quark-anti-
quark pair fluctuated by the incident photon and
the three quark system inside the target nucleon.
From the standard model of particle physics,
quarks, being charged, couple to the photon and so
the strong sector contribution to the photon propa-
gator arises, in a manner analogous to the electron-
positron loops in QED.

In QCD, the mediator of interaction is colorful
gluon and gluon has a self-interaction property.
Due to this self-interaction, the multigluon ex-
changed between two different quark groups in in-
cident meson and target nucleon can form glue-
balls-the colorless bound states of pure gluons.
Therefore, in QCD the mediators of the interaction
between meson and nucleon would be glueballs:
the tensor glueball (two Reggeized gluon bound
state) and/or Odderon (three Reggeized gluon
bound state), and so on. In other words, in QCD
the leading interaction mediators between projectile
photon and target nucleon could be the colorless

tensor glueball and/or colorless Odderon"-.

How-
ever, a single gluon exchange is forbidden because
color quantum number is of conservation.

On the other hand, all investigations evidently
show that the Pomeron exchange mechanism is an
only successful description of high energy particle
diffraction. Regge Pomeron assumption has re-
markably well explained all high energy diffractive
data. However, as the advent of QCD, people be-
lieves that the Pomeron could be the tensor glue-
ball®’, With quantum number I¢J7¢=072"",

Mass M;=2. 23 GeV and decay width about I'; =
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100 MeV. The reason is that although the tensor
glueball has not been identified in experiment, its
existence has been predicted surely by QCD, CGC
and other QCD variants. Moreover the tensor glue-
ball lies on the Pomeron trajectory ap () =1. 08+
0.20 ¢t and has the Pomeron vacuum quantum
numbers 1] "“=0" ",

ates the strong interaction that the Pomeron does.

Needless to say, it medi-

Particularly, the investigations of pp and pp elastic
scattering clearly show that the Odderon must
exist in order to fit the experimental data™!.

Now let us to apply the above ideas to Y7 elas-
tic scattering. According to the above discussions,
the Feynman diagrams shown in Figs. 1~2 would
be the most possible mechanism of ¥y interaction,
where the fully dressed quark, gluon propagators,
the tensor Glueball and Odderon propagators, the
vertices of glueball coupling to quark and anti-

quark, and the photon-quark coupling vertex are

appeared.

Tensor
glueball

Tensor
glueball

Tensor
glueball

Tensor
glueball

Fig. 1 Mechanism of the exclusive ¥y process proceeding

through the tensor glueball exchange.

In summary of this section, we claim that in
QCD the 7Yy scattering process proceeds through
strong interaction between two quark-antiquark
pairs fluctuated respectively by two colliding pho-

tons before their interaction to take place. The

leading mediators of their interaction could be the
colorless tensor glueball and Odderon. The quarks
and virtual gluons inside the two fluctuated mesons
make their contributions to the physical quantities
of the process. We named this mechanism of pho-
ton-photon interaction generalized QCD vector
meson dominance model which has been success-
fully applied to vector meson T photo-production
and p electro-production off the proton in the
framework of QCD inspired eikonalized approxima-

U7 Of course, this is certainly an approxima-

tion
tion, but in the region around the vector meson

masses, it appears to be a good approximation.

Fig. 2 Mechanism of the exclusive Yy process proceeding

through the Odderon exchange.

3 QCD inspired eikonalized model

As it has been pointed out in the preceding
section, the scattering amplitude of photon-photon
scattering in our generalized QCD vector meson
dominance model arises from the contributions of
quark-quark, gluon-gluon interaction and quark-
gluon interference. In the high energy eikonal de-
scription of particle-particle scattering, the diffrac-

tive amplitude consists of two parts: F (s, t) =

F, (s, t)+F_ (s, t), where F (s, t) is the cross-
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ing even amplitude with charge conjugation quan-
tum number C=-+1 and F_ (s, ¢) is the crossing
odd amplitude with C = — 1. The quark-quark,
gluon-gluon interactions and quark-gluon interfer-
ence term contribute to the crossing even ampli-
tude F. (s, t) through the tensor glueball ex-
change and the contributions of the QCD Odderon
exchange is responsible for the crossing odd ampli-
tude F_ (s, t). The total cross section o, (s), ratio
of the real part to the imaginary part of the forward
scattering amplitude F(s, t=0), p(s), and the nu-
clear slope parameter function 3(s), are normalized

in such a way that""

o — Ym F(s, 1=0) . 2)
S
+_Re F(s, t=0)
P =1 FGs, t=0) 3
L d oy deGs, D
B(s) = P [In —a ]170. D
dG(S? t) .

Where in Eq. (4) is the differential cross

de
sections of the process under study, which is deter-

mined by F(s, #) through normalization such that

dG(Sv t) _
dr 1

L IFG, o], 5
67s

Egs. (2) ~(5) are the fundamental formulae of our
present study. Clearly, Our task now is to figure
out the amplitude F(s, #). In the Glauber multiple
scattering theory", the scattering amplitude for

two body interaction is given by
F(g ZKJG“"’[I*eiZ“' »1d*b
27

and y(s, b) is eikonal profile function which is de-

fined by
x(s+ b)= ——ka JwV(«/bZ +27) dz
0

with V(/b>+27) being interaction used, and b is
the impact vector in colliding plane. Therefore,
the amplitude F(s, ) can be simply expressed by
% (s> b) via the series expansion of e in iy. Then,

calculating the amplitude F(s, #) becomes a task to

calculate the y(s, b). In the QCD inspired eikona-
lized approximation the total profile function y is a
sum of the different contributions from quarkquark
(%) gluon-gluon (y, ), and quark-gluon inter-
ference term (y,,) and the Odderon exchange term

(Xodd) ’

2Css B) =y (ss B) + Yoaa (s b)
=% (s B) + xee (54 B) +
Xae (5 B+ yoaa (55 B s (6)

where ¥, 18 responsible for the crossing even am-
plitude Fy (s, ¢) and y.ua corresponds to the cros-
sing odd amplitude F_ (s, 2).

Let us now to apply Glauber formulism to the
Y7y elastic scattering at high energies. Assuming
%" is total profile function of photon-photon elastic
scattering and each term x; (s, b) in Eq. (6) can be
expressed by a product of the corresponding total
cross section a;;(s) and the probability distribution
function of partons (quarks and gluons) inside had-
ron W (b, p;), namely yy =0y ()W (b, p;). We

then arrive at
Yo = xonCss ) A=yt sy b) + 32 (ss b)

N N R TS
f{gaqq(s)W(b, 2#‘”)+ 9dgg(s)><

3 4 3
W(/”?/‘ggj‘FKng(S)W(b;? v/lthflggj:| » (D

where o (s) is the related total cross section arose

by exchanging the tensor glueball and
3
Xﬁd = %Godd (HW (b 3 ?//‘oddj

- iCodd Egg ﬂW (b;%#oddj ’ (8)
s

g
here o, (s) is the total cross section arose by ex-
changing the Odderon. y is a complex function
x(bs s)=vyr(bs s)+y (b, s) which depends on the
energy s and impact parameter b. According to the
above discussions, the formulae o, (s), do/d¢, p»

B for vv elastic scattering can be written down as

BRI
ol (s) :4PKZ(|J[1—6 D

cos (x¥ (b, ) ]d*b , 9
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da”( D — Py % publication"'"? and listing in the following Table 1.
s =
de 7’ 47
Table 1 The parameters used in our calculations
2
‘ J_]o (gb) [1 e SR ]dzb , (10) to fit experimental data
Fixed Fitted
Re {iJ(l — e s g B )dzb}
mo=0.6 GeV C=5.6540. 14
T (s) = , (11) 0
. by $)+iyp (be s) 2
Im %J(l“e A ) d b} ¢=0.3 ClE=0. 016 7-£0. 003 7
2
_ , g =0. 89 GeV D
) J[l — e OG0 Jp2 g2 mé
B (s) =— , (12) see=0.73 GeV g, =25.342.0
2 J[l — e n Ot 0 g2
stodd =0.53 GeV Cota=—(7.62£0.28)
, . . as=0.5 so0=1.0 GeV?
where P{!y= P}, and P! in Egs. (9), (10) is the

probability that a real photon fluctuates into a

quark-antiquark pair before it interacts with
another photon-the partner in colliding.

The crossing even amplitude is not yet
analytic. For large s the even amplitude F. (s, ¢)
can be made analytic by the substitution s—>se™?
Therefore, the contributions to total cross section
from quark-gluon

quark-quark, gluon-gluon,

interference can be rewritten as

2 . 2
0 (5) =27 (/Ji) [log2 j — %}—
g8
ir? (fj log? >, (13)
gg So

Oaq (s) _Zgg |:(’ + (/iivecgnge %CO% (%j :|_|_

N

even Mo . [ T
12&,(‘1«5@ ﬁ “sin (4) ’ (14
0 (5) =3,C%log ( j 12%(11”’~ . (15

The crossing odd amplitude F_ (s, #)is not yet ana-
lytic too. It can be made analytic in the same way

Therefore,

cos (%)Jr

my . LS

—sin | |. (16)
Eain (7]

(13) ~ (16) and their

as that for F. (s, ).

my

Oodd (g) = Coddzgg e
=

iConSa

The parameters in Egs.

physical explanations are given in our previous

4 Theoretical prediction and compa-

rison to experimental data

Using above related formulae with P{}; given
by Ref. [17] leads to our present numerical predic-
tions of the physical observable quantities of Yy
elastic scattering at high energies. Our theoretical
results are shown in Figs. (3) ~(6). Fig. 3 shows
s'?-dependence of total cross section and the

corresponding experimental data givenby Ref. [ 23 ]

10
e Exp. data of Lep2-L3
—~ gk = Exp. data of Lep2-OPAL
s | With odderon
— —— Without odderon
X
N
£
=
g
5 8
L 2L
0 I 1 I 2 3
10 107 10
1/7
/ GeV

Fig. 3 s"*-dependence of total cross section section o, of YY

elastic scattering at high energies. are given by Ref.

[23].

with 5% being c. m. energy of Yy system. As is
seen, our theory reproduces the experimental data
remarkably well for total cross section. The
present predictions of differential cross section
do(s, t)/de¢, the ratio of the real part to imaginary
part of forward scattering amplitude p and the nu-

clear slop parameter function 8 are respectively
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shown in Figs. 4 ~6. However, there are no any
data (as our knowledge) at the present to test
these theoretical predictions. We urgently need

data to examine our theoretical predictions.

—
~~
Q
~
>
©
@)
=
O
KSR
b\ F —— With Odderon
S|lS 107 Without Odderon
10° : : .

0.0 0.5 1.0 1.5 2.0 2.5
|1]/(GeV/c)

Fig. 4 ‘t‘—dependenee of differential cross of Yy elastic

scattering at the energy . The data of s =80 GeV.

0.2

0.1

0.0

QU
_01 L
02} ---- With Odderon
—— Without Odderon
-0.3 ¢
_04 1 1
10! 10? 10°
s/ Gev

Fig. 5 s'?-dependence of the ratio of the real part to the
imaginary part of forward scattering amplitude p for vy

elastic scattering at high energies.

~
T

B/ (Gevlc) >

5 With Odderon
—— Without Odderon
4 ‘ 1 ‘ 2 3
10 10 10°
s/ Gev

Fig. 6 s'?- dependence of slop parameter function g8 of yY

elastic scattering at high energies.

5 Summary and conclusions

Based on the generalized QCD vector meson
dominance model proposed by us, the photon-pho-

ton elastic scattering at high energies has been in-

vestigated in the QCD inspired eikonalized approxi-
mation. Unlike the usual calculations of the y¥ in-
teraction in the Feynman box diagram technique,
we explore the process in terms of QCD theory by
which we claim the Yy elastic scattering proceeds
exclusively through a strong interaction between
two pairs of quark-antiquark fluctuated from the
two scattering photons. Because the mediator of
strong interaction is colorful gluon which has a
property of self-interaction, the exchanging gluons
can form colorless glueballs. The tensor glueball
and Odderon could be the mediators of the interac-
tion between the two colliding quark-antiquark
pairs. This mechanism is of a complete QCD char-
acteristics and is different from the other conven-
tional theoretical descriptions. In particular, the
contributions from virtual gluon, bound quark-an-
tiquark to form a fluctuated meson, are taken into
account.

We calculate the total cross section o, (s),
differential cross section do (s, ¢)/dt, ratio of the
real part to imaginary part of the forward scatter-
ing amplitude p (s) and nuclear slop parameter
function B(s) of vy elastic scattering at high ener-
gies in the generalized QCD vector meson domi-
nance model under the QCD inspired eikonalized
approximation. OQur numerical prediction for total
cross section is consistent with the existing experi-
mental data. Although we urgently need experi-
mental data to examine our other theoretical pre-
dictions (p, 8, do/dt), the good agreement of total
cross section o, (s) prediction with the experimen-
tal data within error bars of the data leads us to
conclude that the generalized QCD vector meson
dominance model in the QCD inspired eikonalized
approximation has a strongly predictive power to
photon-photon elastic scattering at high energies.
We will apply the generalized QCD vector meson
dominance model to other diffraction processes in
our coming research work.

It should be emphasized that as is seen from

the Figs. 3~4, the contribution from Odderon ex-
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change to total cross section and differential cross
the

Odderon exchange term is higher order term com-

section is negligible. The reason is that
paring to the tensor glueball exchange, and the
Odderon also has charge conjugation C= —1 but

has C=-+1. Therefore, the

Odderon contribution has been suppressed heavily

tensor glueball
since there is no quantum number C exchange in
photon-photon elastic scattering.

Direct observation of elastic photon-photon
scattering among real photons would be of great
scientific importance. During the last decades, sev-
eral suggestions on how to detect elastic photon-
photon scattering have been proposed, but no sug-
gestions, so far, have led to actual detection of
photon-photon scattering among real photons. The
measurement with sufficient accuracy must be very
difficult since photon cannot be at rest but always
at the speed of light. To detect photon-photon
scattering, the related process would be some pho-
ton splitting processes.

Figs. 5~6 clearly show that in the energy re-
gion of s'* smaller than 100 GeV, the Odderon ex-
change contribution play an important role in 8 and
o. Therefore, measuring the 8 and p and comparing
with the theoretical predictions may provide an op-
portunity to discover the new particle of Odderon

and new physics.
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