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Two-particle angular correlations

The two-particle correlation function can be defined as

C(2)(∆y, ∆φ) =
S(∆y, ∆φ)

B(∆y, ∆φ)

where S(∆y, ∆φ) =
1

Npairs

d2N same

d∆yd∆φ
,

and B(∆y, ∆φ) =
1

Nmix

d2Nmix

d∆yd∆φ
.

Focusing on the azimuthal part of the correlation function, one can define the so-called
azimuthal yield Y (∆φ) by integrating over a ∆y range

Y (∆φ) =

∫
1.6≤|∆y|≤3 S(∆y, ∆φ)dy∫
1.6≤|∆y|≤3B(∆y, ∆φ)dy

.

The study of two-particle angular correlations is an efficient method to investigate the un-
derlying mechanisms of multi-particle production. Can it be a tool for investigating new
physics?

Hidden Valley Model

GSM

SM particles
Gv

v-particles

Communicator

In the model we consider, communicators Fv are pair-produced and can decay into a visible
sector particle f and an invisible one qv.
In e+e− collisions, they can be produced via e+e− → γ∗/Z → FvF̄v → hadrons.
We set

√
s = 250 GeV, matching the collider’s Higgs boson factory phase.

HV Signal

e+e− → DvD̄v → hadrons, where Dv is the
mirror partner of the SM d-quark. We use
αv = 0.1, mDv

= 125 GeV, and three qv

mass values (10, 50 and 100 GeV).

Background

The background includes inclusive SM
quark production, e+e− → qq̄ → hadrons

where q = u, d, s, c, b.

Process σPYTHIA8 (pb)
e+e− → DvD̄v, mqv = 10 GeV 1.243 · 10−1

e+e− → DvD̄v , mqv = 50 GeV 1.244 · 10−1

e+e− → DvD̄v, mqv = 100 GeV 1.199 · 10−1

e+e− → qq̄ 12.20

Preliminary Results

Due to some foreseen detector acceptance conditions and in order to account for realistic
event reconstruction performance, several selection cuts were set on generated events:
(i) we select final-state particles with transverse momentum pT > 0.5 GeV with respect to
the beam axis, (ii) | cos θ| ≤ 0.99 due to the detector acceptance, where θ is the angle with
respect to the beam axis as well.
We work in the thrust reference frame, where the thrust (T ) of an event is defined as

T = max
~n

∑
i |~pi · ~n|∑
i |~pi|

,

where |~n| = 1 and the sum runs over the three-momenta of all final-state particles, event
by event. The thrust axis is defined by the eigenvector |~nT | of the thrust tensor T having
the largest eigenvalue.
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Figure 1: Thrust distribution for the HV signal considering different v-quark masses mqv and SM process (shaded),
normalised to unity.
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Figure 2: Di-jet invariant mass distribution for HV production with different v-quark masses mqv , and the SM process
(shaded). The distributions are normalised to unity.
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Figure 3: Two-particle angular correlation function for the SM Background
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Figure 4: Two-particle angular correlation function for the pure HV Signal
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Figure 5: Yield Y(∆φ) for both HV signal (red, green and dashed-blue lines depending on the qv mass) and SM
background (shaded) for the 1.6 < |∆y| < 3 interval.

Conclusions
Our preliminary results indicate that the analysis of two-particle angular correlations in a
e+e− factory might become a useful tool to discover New Physics. Such searches, based
on rather diffuse signals, should be considered complementary to other more conventional
searches, thereby increasing the discovery potential of these machines. The inclusion of other
backgrounds and detector effects is ongoing, as well as the extension to higher energies.


