
P
o
S
(
I
C
H
E
P
2
0
2
4
)
5
7
3

Odderon detection via 𝑲0
𝒔 regeneration at LHC

Peter Filip,𝑎,∗ Roman Pasechnik𝑏 and Marek Taševský𝑎
𝑎Institute of Physics, Academy of Sciences of Czech Republic
Na Slovance 1999/2, Prague, Czech Republic
𝑏Department of Physics, Lund University
SE-223 62 Lund, Sweden

E-mail: filip@fzu.cz, roman.pasechnik@fysik.lu.se, tasevsky@fzu.cz

Abstract: We investigate a possibility of the odderon exchange detection at LHC with 𝐾0
𝑠 re-

generation measurement using (∼1 TeV) neutral 𝐾0
𝐿

mesons, originating from 𝑝 + 𝑝 (13.6 TeV)
collisions at the ATLAS Interaction Point (IP). The regenerator material considered is Carbon, and
metallic Pb or Cu, placed at distance ≥140m from the IP, behind (or in) TAN absorber. LHCf-type
of calorimeter is assumed to be capable of detecting the 𝐾0

𝑠 energy and “decay vertex” position
from 𝐾0

𝑠 meson decay to 𝜋0𝜋0 → 2𝛾 + 2𝛾 pairs at distance 𝐿 < 150 m from the regenerator. We
recalculate the regeneration parameters from the published paper [1], which suggested the odderon
detection using 2 TeV 𝐾0

𝑠 regeneration in liquid hydrogen (LH2). Our estimates for thick Pb, C
and Cu regenerators include the 𝐾0 absorption.
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1. Introduction

The interpolation [2] of 𝑝𝑝 elastic scattering data (from
√
𝑠 ≥ 2.76TeV, as measured by

TOTEM at LHC), down to
√
𝑠 = 1.96 TeV Tevatron energy (D0 experiment) allowed for the

model-independent analysis [2, 3] of the odderon exchange contribution in the elastic 𝑝𝑝 and 𝑝𝑝
interactions. Here we promote an independent experimental verification of the odderon exchange in
elastic hadron-hadron interactions, which can corroborate the conclusions of [2, 3]. During the SSC
collider construction, a method of the odderon detection using the 𝐾0

𝑠 regeneration was suggested
[1, 4]. We discuss the possibility of using the high-energy neutral kaons, produced in

√
𝑠 = 13.6 TeV

pp collisions at LHC, for the odderon exchange detection in the kaon-nucleon interactions.

2. Coherent forward 𝐾0
𝑠 regeneration at TeV energies

High-energy 𝐾0
𝑠 regeneration (𝐸𝐾0 ≤ 130 GeV) was studied at Fermilab [5], where the hints

of unexpected energy-dependence of the regeneration parameters were noticed [5]. In paper [1]
(originally submitted to Physics Letters B) authors suggested the odderon exchange might affect
𝐾0
𝑠 coherent regeneration phase (𝜙) significantly at much higher energies (𝐸𝐾0 > 1000 GeV). The

odderon influence on the 𝐾0
𝑠 regeneration phase (𝜙) has also been discussed in [6].

We have reproduced the published [1] intensities 𝐼±(𝜏) of 𝐾0 → 𝜋𝜋 decays, where 𝜏 is proper
decay time of 𝐾0 after leaving the 5 − 30𝑚 long (LH2) regenerators (see Fig. 1a). By fitting the
curves from Fig. 6 [1] using the interference formula (geometrical phase factor in |𝜚 | was included)

𝐼±(𝜏) = 𝐼𝑜𝐵𝐾𝜋𝜋
[
|𝜚 |2𝑒−𝜏/𝜏𝑠 + |𝜂 |2𝑒−𝜏/𝜏𝐿 + 2|𝜚 | |𝜂 |𝑒 (−

𝜏
𝜏𝑠

− 𝜏
𝜏𝐿

)/2 cos(𝜏Δ𝑚𝑐2/ℏ + 𝜙 + Δ𝜙𝑜)
]

(1)

the odderon phase shift Δ𝜙𝑜 = 45◦ and small (|𝜚 | +Δ|𝜚 | ≈ 5%) increase of |𝜚 | amplitude (assumed
in [1]) was obtained (using 𝜏𝑠 = 8.954 · 10−11𝑠, |𝜂 | = 2.22 · 10−3, Δ𝑚 = 5.293 · 109 ℏ 𝑠−1, and
𝜏𝐿/𝜏𝑠 = 571.4). Absorption of neutral kaons in the regenerator (LH2) was not considered in [1].
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Figure 1: Intensity 𝐼± (𝜏/𝜏𝑠 ,Δ𝑋) for LH2 (and Cu, Pb, C) regenerators, without (and with) absorption.

Fig. 1b shows our prediction of 𝐾0 → 𝜋𝜋 decay intensity for 𝑝𝐾0 = 500 GeV and 2 TeV kaons
(absorption included), behind (6cm, 35cm and 20cm) Cu, C and Pb regenerators as a function of
decay vertex distance (from regenerator). For thick (C, Pb) regenerators the intensity of 500 GeV
𝐾0
𝑠 → 𝜋𝜋 decays (just behind the regenerator) increases (if compared to CP-violating 𝐾0

𝐿
→ 𝜋𝜋

decays without regenerator), and after the interference minimum it saturates at the absorbed level.
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The odderon phase shift |Δ𝜙𝑜 | ≥ 20◦ modifies the 𝐾0→ 𝜋𝜋 intensity curves (for 2 TeV kaons)
in the observable way (see Fig. 1), provided 𝐾0 → 𝜋𝜋 decay vertex position (20 − 150 m behind
regenerator) and 𝐾0 energy are determined in detector [8]. We assume negligible odderon phase
shift Δ𝜙𝑜 ≈ 0 for 𝐸 ≤ 500GeV kaons and forward regeneration phase 𝜙 to be reliably measured.

3. Kinematic constraints and diffractive 𝐾0
𝑠 regeneration

A sufficiently pure (𝜀 = 𝐾0
𝑠/𝐾0

𝐿
≤ 10−3) flux of 𝐾0

𝐿
kaons is needed for 𝐾0

𝑠 regeneration
measurement, and thus, 99.9% of 𝐾0

𝑠 produced at the ATLAS interaction point (IP) need to decay
before 𝐾0

𝐿
kaons reach the regenerator. Assuming the regenerator is located nearby (or inside) TAN

absorber [7] (140𝑚 from the ATLAS-IP), one obtains the restriction for𝐾0 energy: 𝐸𝐾0 ≤ 300 GeV.
Measuring the regeneration of 1 TeV neutral 𝐾0

𝑠 at LHC would require the regenerator to be placed
at least 370 m from the IP, and LHCf-type [8] detector behind the regenerator. Although FASER
experiment, residing in the TI12 tunnel, is 480m from ATLAS IP, a narrow (≈100 m long) 𝐾0

beamline would have to be made from LHC tunel to TI12 cavern - location of LHCf-type 𝜋0𝜋0

detector [8], for detecting 𝐾0 −→ 𝜋0𝜋0 → 𝛾𝛾 + 𝛾𝛾 events at TI12. The planned FPF facility,
located at 𝐿 > 600 m distance from the ATLAS-IP, would be much more suitable for this task.

One can try to observe the odderon exchange also in diffractive regeneration [4] of lower energy
𝐸𝐾0 ≈ 200 GeV neutral 𝐾0

𝑠 , which may allow for using TAN-located regenerator setups at the LHC.

4. Summary

We suggest considering the experimental detection of the odderon exchange using the 𝐾0
𝑠

regeneration phase Δ𝜙𝑜 measured with the high-energy 𝐾0
𝐿

produced at the ATLAS interaction
point at LHC. Kinematical constrains for coherent forward regeneration (of 1-2 TeV kaons) and
for diffractive regeneration (of ≈200 GeV kaons) at LHC accelerator are discussed. The location
of thick metallic (Cu, Pb) or Carbon regenerators at (or behind) the TAN absorber [7] and using
LHCf-type [8] calorimeter (for 𝜋0𝜋0 → 4𝛾 decay vertex observation) are considered.
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