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Abstract

We discuss the possibility to use the pp→ ppφφ process in identifying the odderon exchange. So far there is no unambiguous experimental evidence for the odderon, the charge conjugation C = −1

counterpart of the C = +1 pomeron, introduced on theoretical grounds in [1]. Last year results of the TOTEM collaboration suggest that the odderon exchange can be responsible for a disagreement of

theoretical calculations and the TOTEM data for elastic proton-proton scattering [2]. Here we present recent studies for central exclusive production (CEP) of φφ pairs in proton-proton collisions [3].

We consider the pomeron-pomeron fusion to φφ (PP→ φφ) through the continuum processes, due to the t̂- and û-channel reggeized φ-meson, photon, and odderon exchanges, as well as through the

s-channel resonance process (PP→ f2(2340)→ φφ). This f2 state is a candidate for a tensor glueball. The amplitudes for the processes are formulated within the tensor-pomeron and vector-odderon

approach [4]. Some model parameters are determined from the comparison to the WA102 experimental data [6]. The odderon exchange is not excluded by the WA102 data for high φφ invariant masses.

The process is advantageous as here the odderon does not couple to protons. The observation of large Mφφ and the rapidity difference |Ydiff| seems well suited to identify odderon exchange.
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Fig.1 “Born-level” diagrams for double pomeron central exclusive φφ production and their decays into
K+K−K+K−: (a) φφ production via an f2 resonance. Other resonances, e.g. of f0- and η-type,
can also contribute here. (b) and (c) continuum φφ production via an intermediate φ and odderon
(O) exchanges, respectively. P-γ-P and O-P-O contributions are also possible but negligible small.

The “Born-level” amplitude for the pp→ ppφφ reaction is

MBorn =M(f2−exchange) +M(φ−exchange) +M(O−exchange) .

The full amplitude includes the pp-rescattering corrections (absorption effects)

Mpp→ppφφ =MBorn +Mabsorption ,

Mabsorption(s, p1t, p2t) =
i

8π2s

∫
d2ktMBorn(s, p̃1t, p̃2t)M

(P−exchange)
pp→pp (s,−k2t ),

where p̃1t = p1t− kt and p̃2t = p2t+ kt. M(P−exchange)
pp→pp is the elastic pp-scattering amplitude

with the momentum transfer t = −k2t .
For continuum process with the odderon exchange [diagram (c)] the amplitude is a sum of t̂- and
û-channel amplitudes. The t̂-channel term can be written as

M(t̂) =(−i)ū(p1,λ1)iΓ
(Ppp)
µ1ν1 (p1, pa)u(pa,λa) i∆

(P) µ1ν1,α1β1(s13, t1)

× iΓ
(POφ)
ρ1ρ3α1β1

(p̂t,−p3) i∆
(O) ρ1ρ2(s34, p̂t) iΓ

(POφ)
ρ4ρ2α2β2

(p4, p̂t)

× i∆(P) α2β2,µ2ν2(s24, t2) ū(p2,λ2)iΓ
(Ppp)
µ2ν2 (p2, pb)u(pb,λb)

×
(

ε(φ) ρ3(λ3)
)∗ (

ε(φ) ρ4(λ4)
)∗

where pa,b, p1,2 and λa,b,λ1,2 = ±1
2 denote the four-momenta and helicities of the protons and

p3,4 and λ3,4 = 0,±1 denote the four-momenta and helicities of the φ mesons, respectively.
p̂t = pa− p1− p3, p̂u = p4− pa+ p1, sij = (pi+ pj)

2, t1 = (p1− pa)2, t2 = (p2− pb)
2.

Γ(Ppp) and ∆(P) denote the proton vertex function and the effective propagator, respectively, for
tensorial pomeron. The corresponding expressions are as follows [4]:

iΓ
(Ppp)
µν (p′, p) = −i3βPNNF1(t)

{
1

2

[
γµ(p

′+ p)ν + γν(p
′+ p)µ

]
− 1

4
gµν(p/′+ p/)

}
,

i∆
(P)
µν,κλ(s, t) =

1

4s

(
gµκgνλ + gµλgνκ−

1

2
gµνgκλ

)
(−isα′P)

αP(t)−1 ,

where βPNN = 1.87 GeV−1. The pomeron trajectory αP(t) is assumed to be of standard linear
form (see, e.g., [5]): αP(t) = αP(0) + α′P t, αP(0) = 1.0808, α′P = 0.25 GeV−2.
Our ansatz for the effective propagator of the C = −1 odderon is [4]

i∆
(O)
µν (s, t) = −igµν

ηO

M2
0

(−isα′O)
αO(t)−1 with M0 = 1 GeV , ηO = ±1 .

Here αO(t) = αO(0) + α′O t and we choose, as an example, α′O = 0.25 GeV−2, αO(0) = 1.05.
For the POφ vertex we use an ansatz with two rank-four tensor functions [3]:

iΓ
(POφ)
µνκλ (k′, k) = iF(POφ)((k+ k′)2, k′2, k2)

[
2 aPOφ Γ

(0)
µνκλ(k

′, k)− bPOφ Γ
(2)
µνκλ(k

′, k)
]
.

We take the factorized form for the POφ form factor:

F(POφ)((k+ k′)2, k′2, k2) = F((k+ k′)2)F(k′2)F(POφ)(k2) ,

where we adopt the monopole form F(k2) = (1− k2/Λ2)−1 and F(POφ)(m2
φ) = 1.

The coupling parameters aPOφ, bPOφ and the cutoff parameter Λ2 could be adjusted to exp. data.
At low

√
s34 = Mφφ the Regge type of interaction is not realistic and should be switched off.

To achieve this we multiplied the O-exchange amplitude by a purely phenomenological factor:
Fthr(s34) = 1− exp[(sthr− s34)/sthr)] with sthr = 4m2

φ.
——————————————————————————————————————————
The amplitude for the process shown in Fig. 1(b) has the same form as the amplitude with the
O exchange but we have to make the following replacements:

iΓ
(POφ)
µνκλ (k′, k)→ iΓ

(Pφφ)
µνκλ (k′, k) , i∆

(O)
µν (s34, p̂

2)→ i∆
(φ)
µν (p̂) .

We have fixed the coupling parameters of the tensor pomeron to the φ meson based on the HERA
experimental data for the γp→ φp reaction; see [7].
We should take into account the reggeization of the intermediate φ meson. We consider the two
prescriptions of reggeization (only expected to hold in |p̂2|/s34� 1 regime):

∆
(φ)
µν (p̂)→ ∆

(φ)
µν (p̂)

(
exp(iφ(s34))

s34
sthr

)αφ(p̂2)−1

,

φ(s34) =
π

2
exp

(
sthr− s34

sthr

)
− π

2
, sthr = 4m2

φ ; Eq. (3.21)

∆
(φ)
ρ1ρ2(p̂)→ ∆

(φ)
ρ1ρ2(p̂)F(Ydiff) + ∆

(φ)
ρ1ρ2(p̂) [1− F(Ydiff)]

(
exp(iφ(s34))

s34
sthr

)αφ(p̂2)−1

,

F(Ydiff) = exp
(
−cy|Ydiff|

)
. Eq. (3.25)

We take (from Collins [5]): αφ(p̂2) = αφ(0) + α′φ p̂2, αφ(0) = 0.1, and α′φ = 0.9 GeV−2.

Results

Comparison with the WA102 data
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Fig.2 The distributions in φφ invariant mass. The calculations were done for
√

s = 29.1 GeV and

|xF,φφ| 6 0.2. The WA102 experimental data from [6] are shown. In the left panel, the green solid

line corresponds to the non-reggeized φ-exchange contribution. The results for the two prescriptions

of reggeization are shown by the black and blue lines. In the right panel we show the complete results

including the f2(2340)-resonance contribution and the continuum processes due to reggeized-φ,

odderon, and photon exchanges.

Predictions for the LHC experiments
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Fig.3 The distributions in M4K (left) and in Ydiff (right) for the pp→ pp(φφ→ K+K−K+K−)

reaction calculated for
√

s = 13 TeV and |ηK| < 2.5, pt,K > 0.2 GeV. The small intercept of the

φ-reggeon exchange, αφ(0) = 0.1 makes the φ-exchange contribution steeply falling with increasing

M4K and |Ydiff|. Therefore, an odderon with an intercept αO(0) around 1.0 should be clearly visible

in the region of large four-kaon invariant masses and for large rapidity distance between the φ mesons.

Conclusions

• CEP is particularly interesting class of processes which provides insight to unexplored soft QCD
phenomena. The fully differential studies of exclusive pp→ ppφφ reaction within the
tensor-pomeron and vector-odderon approach was executed; for more details see [3].

• Integrated cross sections of order of a few nb are obtained including the experimental cuts
relevant for the LHC experiments. The distribution in rapidity difference of both φ-mesons could
shed light on the f2(2340)→ φφ coupling, not known at present. Here we used only one type
of PPf2 coupling (out of 7 possible; see [8]). We have checked that for the distributions studied
here the choice of PPf2 coupling is not important. This is a different situation compared to the
one observed by us for the pp→ pp(PP→ f2(1270)→ π+π−) reaction in [8].

• We find from our model that the odderon-exchange contribution should be distinguishable from
other contributions for relatively large rapidity separation between the φ mesons.
Hence, to study this type of mechanism one should investigate events with rather large four-kaon
invariant masses, outside of the region of resonances. These events are then “three-gap events”:
proton–gap–φ–gap–φ–gap–proton. Experimentally, this should be a clear signature.

• Clearly, an experimental study of CEP of a φ-meson pair should be very valuable for clarifying
the status of the odderon. At least, it should be possible to derive an upper limit on the odderon
contribution in this reaction.

[1] L.  Lukaszuk, B. Nicolescu, Lett. Nuovo Cim. 8 (1973) 405. For review see C. Ewerz, arXiv:0306137 [hep-ph]

[2] TOTEM Collaboration, arXiv:1812.04732 [hep-ex]; arXiv:1812.08610 [hep-ex];

E. Martynov, B. Nicolescu, PLB 786 (2018) 207

[3] P. Lebiedowicz, O. Nachtmann, A. Szczurek, PRD 99 (2019) 094034

[4] C. Ewerz, M. Maniatis, O. Nachtmann, Annals Phys. 342 (2014) 31

[5] Pomeron Physics and QCD, A. Donnachie, H.G. Dosch, P.V. Landshoff, O. Nachtmann, Cambridge University Press,

2002; Regge Theory and Particle Physics, P.D.B. Collins, University of Durham, 1970

[6] WA102 Collaboration, PLB 432 (1998) 436

[7] P. Lebiedowicz, O. Nachtmann, A. Szczurek, PRD 98 (2018) 014001

[8] P. Lebiedowicz, O. Nachtmann, A. Szczurek, PRD 93 (2016) 054015; see also arXiv:1901.07788 [hep-ph]

Contact Information: Piotr.Lebiedowicz@ifj.edu.pl


