Searching for odderon exchange in exclusive pp — pp¢¢ reaction
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Abstract

We discuss the possibility to use the pp — pp@¢ 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 = 41 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 ¢p¢p pairs in proton-proton collisions [3].

We consider the pomeron-pomeron fusion to ¢¢ (IPIP — ¢¢) through the continuum processes, due to the t- and Gi-channel reggeized ¢-meson, photon, and odderon exchanges, as well as through the
s-channel resonance process (IPIP — f2(2340) — ¢¢). This fy 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 ¢p¢ invariant masses.

The process is advantageous as here the odderon does not couple to protons. The observation of large Mg and the rapidity difference 'Y qisg| seems well suited to identify odderon exchange.
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Comparison with the WA102 data
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Fig.1 “Born-level” diagrams for double pomeron central exclusive ¢p¢ production and their decays into B i B o [[os 4 Prog=10GeV':
KTK~KTK™: (a) ¢p¢ production via an fp resonance. Other resonances, e.g. of fg- and 7-type, © 1 ~ 3
can also contribute here. (b) and (c) continuum ¢¢ production via an intermediate ¢ and odderon i N TR
(O) exchanges, respectively. IP--IP and O-IP-O contributions are also possible but negligible small. i Sl N .
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The full amplitude includes the pp-rescattering corrections (absorption effects)
Mopp—spppp = MPBO™ - Aqabsorption Fig.2 The distributions in ¢p¢p invariant mass. The calculations were done for 4/s = 29.1 GeV and
absorption 2 Born (IP—exchange) 2 X 0.2. The WA102 experimental data from [6] are shown. In the left panel, the green solid
M PHOR (s, P1es P2t) = 87'(25/d ke M (s) B1er Por) Mpp—pp (s, —ki), F‘M" P ©] P &
(P nange) ine corresponds to the non-reggeized ¢r-exchange contribution. The results for the two prescriptions
~ ~ exchange
where p1y = p1¢ — ke and Py = P2t2‘|‘ ke. Mpp—pp is the elastic pp-scattering amplitude of reggeization are shown by the black and blue lines. In the right panel we show the complete results
with the momentum transfer t = —ki. including the f2(2340)-resonance contribution and the continuum processes due to reggeized-¢,

For continuum process with the odderon exchange [diagram (c)] the amplitude is a sum of t- and

N . A . odderon, and photon exchanges.
0-channel amplitudes. The t-channel term can be written as P &
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where pab, P12 and Ay p, A12 = £ denote the four-momenta and helicities of the protons and
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p3.4 and A3 4 = 0, =1 denote the four-momenta and helicities of the ¢p mesons, respectively. L total, ) =+1 | 1k
Pt = Pa — P1 — P3, Pu = P4 — Pa+ P1. sij = (Pi+ pj)? t1 = (p1 — pa)® t2 = (P2 — Pb)°. b (O)Jgsaev :

IPO ¢

r®PP) and A(P) denote the proton vertex function and the effective propagator, respectively, for !
tensorial pomeron. The corresponding expressions are as follows [4]: 107 107"
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where Bpnn = 1.87 GeV—1. The pomero,n trajectory ap(t) is assu,med to be of stszdard linear Fig.3 The distributions in Mgk (left) and in Ygs¢ (right) for the pp — pp(¢pp — KTK—KTK™)
form (see, e.g., [5]): ap(t) = ap(0) +apt, ap(0) =1.0808, a, = 0.25 GeV ™. reaction calculated for 4/s = 13 TeV and |k| < 2.5, pr.k > 0.2 GeV. The small intercept of the

Our ansatz for the effective propagator of the C = —1 odderon is [4] L _ o _
©0) )1 ¢-reggeon exchange, &y (0) = 0.1 makes the ¢p-exchange contribution steeply falling with increasing
x S
A,y (s, t) = lgWMg( ise)"© with Mo =1 GeV, 50 = x1. Myk and |Ygqig|. Therefore, an odderon with an intercept ap(0) around 1.0 should be clearly visible

Here “D(t) — “(D(O) 1 “{Dt and we choose, as an example, “{D — 0.25 GeV_z, MD(O) — 105 in the region of large four-kaon invariant masses and for large rapidity distance between the ¢ mesons.

For the PO¢ vertex we use an ansatz with two rank-four tensor functions [3]:

|
Tl (K, k) = iFTOP) (k4 k)2, k2, k?) [2apog T, (K, k) — bpog T, (K. k)] - conclusions
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e CEP is particularly interesting class of processes which provides insight to unexplored soft QCD
phenomena. The fully differential studies of exclusive pp — pp¢ ¢ reaction within the
F(]P(D‘I’)((k + k')2, k'?, k2) = F((k + k')z) F(k'2) F(]P(D‘P)(kz) : tensor-pomeron and vector-odderon approach was executed; for more details see [3].

k2/A2)—1 and F(lP(qu)(mgp) —1 e 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 ¢p-mesons could

shed light on the f2(2340) — ¢ ¢ coupling, not known at present. Here we used only one type
of IPIPfy coupling (out of 7 possible; see [8]). We have checked that for the distributions studied
here the choice of IPIPfy coupling is not important. This is a different situation compared to the
one observed by us for the pp — pp(IPP — f,(1270) — 7t 7w~) reaction in [8].

e We find from our model that the odderon-exchange contribution should be distinguishable from
other contributions for relatively large rapidity separation between the ¢ mesons.
Hence, to study this type of mechanism one should investigate events with rather large four-kaon

We take the factorized form for the PO¢ form factor:

where we adopt the monopole form F(k?) = (1 —

The coupling parameters appg, bpog and the cutoff parameter A? could be adjusted to exp. data.
At low /s38 = Mypg 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:

Finr(S32) = 1 — exp|(Sthr — S34)/Sthr) | With Sgr = 4m§b.

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:

IPO O 2 A . . . . Iy n
r;(,vm(l))(k,v k) — l”;(wf/{l))(k', k) , A( )(53 ,p°) — Ap(zgl/))(P) : invariant masses, outside of the region of resonances. These events are then “three-gap events”:

We have fixed the coupling parameters of the tensor pomeron to the ¢p meson based on the HERA proton—gap—¢-gap—¢—gap—proton. Experimentally, this should be a clear signature.
experimental data for the yp — ¢pp reaction; see [7]. e (learly, an experimental study of CEP of a ¢-meson pair should be very valuable for clarifying
We should take into account the reggeization of the intermediate ¢p meson. We consider the two the status of the odderon. At least, it should be possible to derive an upper limit on the odderon
prescriptions of reggeization (only expected to hold in |p?|/s3a < 1 regime): contribution in this reaction.
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