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Two-particle correlations (∆y , ∆ϕ)

Definitions
Rapidity difference:

∆y = y1 − y2,

or pseudo-rapidity difference:

∆η = η1 − η2,

Angular difference:
∆ϕ = ϕ1 − ϕ2
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Two-particle correlations (∆y , ∆ϕ)
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Two-particle angular correlations
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Two-particle angular correlations
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Two-particle angular correlations
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Why HV? How to probe them?

Why Hidden Valley scenarios?
extra sectors common in string theory, SUSY breaking, extra
dimensions, etc.
incredibly exciting if found: new particles, forces, dynamics
can drastically change phenomenology of SUSY/extra dims/etc
implications for dark matter, early universe cosmology, astrophysics,. . .

Experimental probes
relatively weak experimental constraints!
vast array of possibilities
phenomenology challenging for hadron colliders.
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Monte Carlo Tools in Pythia 8

PYSHOW algorithm
Based in the PYSHOW algorithm of transverse momentum i.e.,
p⊥-ordered cascades in Pythia8, but for one detail: the normal time-like
showering formalism was expanded with a third kind of radiation (HV), in
addition to the QCD and QED ones.
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Monte Carlo Tools in Pythia 8

Production Process
The HV particles have to be pair-produced:

1 QCD-like in pp(p̄) collisions, gg → Qv Q̄v and qq̄ → Qv Q̄v
2 EW-like in e+e−-annihilation, f f̄ → γ∗/Z 0 → Fv F v for all states
3 Further decays: Fv → f qv → hadrons (i.e. Ev → e qv , Qv → q qv )
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Analysis with detector effects
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Analysis with detector effects
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Analysis with detector effects

Main conclusion:
The selection cut efficiency shows a drastic reduction of the SM
background while the HV signal is affected to a lesser extent!

Remark: For the computation of B, only a thrust value larger than 0.96
was imposed, keeping the same requirements on PFO multiplicities as for
S!
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Analysis with detector effects: main results
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Analysis with detector effects: main results

Main result
At short range after cuts, a sizable peak at ∆ϕ ≃ π characterizes the HV
scenario, unlike the pure SM case.

This difference would potentially serve as a valuable signature of a hidden
sector, complementary to more conventional BSM searches!
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Conclusions

Two-particle angular correlations in e+e- factories can become a
useful toot to discover NP (e.g. Hidden Valley scenarios)

Such searches are complementary to more conventional searches, thus
increasing the discovry potential

Sensitivity > 5σ with convervative systematic uncertainties.

Future work: longitudinally polarised beams and FCC-specific
detector!
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