
P
o
S
(
I
C
H
E
P
2
0
2
4
)
3
1
6

Probing New Physics at future 𝒆+𝒆− colliders with
two-particle angular correlations

Emanuela Musumeci𝑎,∗
𝑎Instituto de Física Corpuscular (IFIC), CSIC – Universitat de València,
C/ Catedrático José Beltrán 2, 46980 Paterna (Valencia), Spain

E-mail: emanuela.musumeci@ific.uv.es

Long-range angular correlations between particles have the potential to reveal physics beyond the
Standard Model, such as Hidden Valley scenarios. The focus is on a hidden QCD-like sector, where
the production of HV matter alongside QCD partonic cascades may enhance and extend azimuthal
correlations among final-state particles. This study, conducted at the detector level, investigates
the detectability of such signals at future 𝑒+𝑒− colliders, which provide a cleaner experimental
environment compared to the Large Hadron Collider (LHC). In particular, unexpected structures
in the two-particle correlation function could suggest the presence of new physics.
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1. Introduction

This study aims to identify potential anomalies in angular correlations at future high-energy
𝑒+𝑒− colliders, using two-particle angular correlations to search for signs of beyond-the-Standard
Model (BSM) physics [1, 2]. The analysis is grounded in the Hidden Valley (HV) scenario [3],
which introduces a hidden sector with ’v-particles’ that interact with SM particles through ’com-
municators’. We examine how HV influences final-state distributions, focusing on a QCD-like
model with light 𝑣-quarks and 𝑣-gluons, interacting via communicators of mass ≲ 1 TeV. Specif-
ically, we consider pair production of 𝐷𝑣 𝐷̄𝑣 , where 𝐷𝑣 is the hidden partner of the 𝑑-quark. The
communicators decay as 𝐷𝑣 → 𝑑𝑞𝑣 , where 𝐷𝑣 are fermions and 𝑞𝑣 are scalars.

2. Analysis at detector level

The analysis, conducted using the Pythia Monte Carlo generator [4] and fast detector sim-
ulations via the SGV tool [5], focuses on a center-of-mass energy of 250 GeV to align with the
Higgs boson factory phase of the collider. The SGV tool was used with the geometry and ac-
ceptances of the large model of the ILD concept for the International Linear Collider (ILC) [6]
and event reconstruction and analysis utilized the ILCSoft package. The HV signal follows the
process 𝑒+𝑒− → 𝐷𝑣 𝐷̄𝑣 → hadrons, analysed along with dominant SM backgrounds, primarily 𝑞𝑞

production with Initial State Radiation (ISR) and four-quark production via 𝑒+𝑒− → 𝑊𝑊 .
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(a) Detector-level yield distributions with no cuts applied.
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(b) Detector-level yield distributions with cuts applied.

Figure 1: Yield 𝑌 (Δ𝜙) for both HV signal in association with SM and for pure SM background (red line)
for the 0 < |Δ𝑦 | < 1.6 range, before (left) and after cuts (right).

In our benchmark scenarios, we fix 𝛼𝑣 = 0.1 and 𝑚𝐷𝑣
= 125 GeV, exploring four different 𝑣-

quark masses: 𝑚𝑞𝑣 = 0.1, 10, 50, and 100 GeV. Additionally, we examine cases with 𝑚𝐷𝑣
= 80 and

100 GeV, where 𝑚𝑞𝑣 is set to 40 and 50 GeV, respectively. Due to the small cross-sections for HV
production, specific cuts (detailed in [2]) were implemented to maximise the background removal
and keep as much signal as possible. To explore in more detail the possibility of distinguishing the
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HV signal from the SM background, Fig. 1 shows the yield, defined as

𝑌 (Δ𝜙) =

∫
𝑦inf≤ |Δ𝑦 | ≤𝑦sup

𝑆(Δ𝑦,Δ𝜙)𝑑𝑦∫
𝑦inf≤ |Δ𝑦 | ≤𝑦sup

𝐵(Δ𝑦,Δ𝜙)𝑑𝑦

where 𝑦inf/sup are the integration limits for different rapidity intervals, 𝑆(Δ𝑦,Δ𝜙) is the particle
pair density in the same event and 𝐵(Δ𝑦,Δ𝜙) is the density of particle pairs generated in different
events. The yield 𝑌 (Δ𝜙) is shown for the rapidity range 0 < |Δ𝑦 | ≤ 1.6, both before (Fig. 1a)
and after (Fig. 1b) applying the cuts. The HV signal is examined for various masses 𝑚𝐷𝑣

and
𝑚𝑞𝑣 , alongside the SM background, while a standalone analysis of the SM background is also
included. A significant difference is observed for 0 < |Δ𝑦 | ≤ 1.6, where a prominent peak at
Δ𝜙 ∼ 𝜋 distinguishes the HV scenario from the pure SM case. This striking difference in shapes
could potentially provide a valuable signature of a hidden sector, complementary to conventional
BSM searches.

3. Conclusions

The analysis of particle correlations at high-energy colliders can complement traditional
searches for BSM physics, as proposed in [7, 8] and explored here. The discovery potential of
hidden sectors at future 𝑒+𝑒− colliders is explored using two-particle angular correlations. Our
results demonstrate that two-particle azimuthal correlations in an 𝑒+𝑒− Higgs factory could be an
effective tool for discovering New Physics, if accessible. While this study focuses on a specific HV
model, similar signatures may arise from other hidden sectors.
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