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๏ Two particle angular correlations 

๏ Hidden Valley Phenomenology 

๏ Preliminary Results: Signal vs Background 

๏ Summary
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OVERVIEW
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 TWO PARTICLE ANGULAR CORRELATIONS
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 Powerful method to study the underlying mechanisms of particle production 


 Uncover possible collective effects resulting from the high particle densities

 = C2(Δy, Δϕ)

Density of particle pairs produced 
within the same event:

S(Δy, Δϕ) =
1

Npairs

d2Nsame

dΔyΔϕ

Npairs = ∫ ∫
d2Nsame

dΔydΔϕ
dΔydΔϕ

Density of particle pairs produced 
in the different events: 

B(Δy, Δϕ) =
1

Nmix

d2Nmix

dΔyΔϕ

Nmix = ∫ ∫
d2Nmix

dΔydΔϕ
dΔydΔϕ

S(Δy, Δϕ)
B(Δy, Δϕ)

❖Difference in Rapidity 
 

❖ Difference in Azimuthal angle: 

Δy = y2 − y1

Δϕ = ϕ2 − ϕ1
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TWO-PARTICLE ANGULAR CORRELATIONS
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TWO-PARTICLE ANGULAR CORRELATIONS

Tool for investigating New Physics? 

R. Pérez-Ramos, M.A.Sanchis-Lozano, E.K. Sarkisyan-Grinbaum

Phys. Rev. D 105, 053001
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HIDDEN VALLEY PHENOMENOLOGY

 GSM
SU(3)C × SU(2)L × U(1)Y

Non-Abelian GV

v-particles 
( (GeV) scale) 𝒪

SM particles
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The term Hidden Valley refers to a wide class of models
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HIDDEN VALLEY PHENOMENOLOGY

 
SU(3) x SU(2) x U(1)

GSM Non-Abelian GV

v-particles 
( (GeV) scale) 𝒪

SM particles
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The term Hidden Valley refers to a wide class of models

Strassler & Zurek 
hep-ph/0604261

Communicator

Higher-dimension operators 
 ( TeV) scale)𝒪(
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HIDDEN VALLEY PHENOMENOLOGY

QCD-like scenario
 Communicator: FV

 collisionse+e−
pp collisions 

   qq̄(gg) → QVQ̄V

e+e− → γ * /Z0 → FVF̄V

• mirror partner of the SM charged quarks and leptons

• Charged under 

• Pair-produced 

•  (Prompt) decays:    

GSM and GV

FV → fqV ⟶  hadrons

EV → eqV

QV → qqV

JHEP 1009:105,2010
L Carloni, T SjöstrandEmanuela Musumeci |
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SIGNAL 
e+e− → γ*/Z0 → DV D̄V → hadrons

BACKGROUND 
e+e− → γ*/Z0 → qq̄ → hadrons

, 


, 


 

mDV
= 125 GeV

mqV
= 100 GeV

αV = 0.1

s = 250 GeV

PRELIMINARY RESULTS: SIGNAL VS BACKGROUND

TOOLS: 
• Pythia8 
• FastJet 
• ROOT

 pbσbckg = 12.2 pbσHV = 0.12
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T = max
⃗n

∑i | ⃗pi ⋅ ⃗n |

∑i | ⃗pi |

Thrust Axis:
T = max

⃗n

∑i | ⃗pi ⋅ ⃗n |

∑i | ⃗pi |

e+e− → γ*/Z0 → DV D̄V → hadrons e+e− → γ*/Z0 → qq̄ → hadrons

s = 250 GeV

PRELIMINARY RESULTS: SIGNAL VS BACKGROUND
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T = max
⃗n

∑i | ⃗pi ⋅ ⃗n |

∑i | ⃗pi |

e+e− → γ*/Z0 → DV D̄V → hadrons

Cuts applied

❖  GeV 

❖

200 < mjj < 230
T < 0.85

❖  
❖  GeV

|cos θ | < 0.95
pT > 0.3 

s = 250 GeV

PRELIMINARY RESULTS: SIGNAL VS BACKGROUND

e+e− → γ*/Z0 → qq̄ → hadrons

Eff. 1.70 %≃

Eff. 50.8 %≃

ℒ = 2 ab−1
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T = max
⃗n

∑i | ⃗pi ⋅ ⃗n |

∑i | ⃗pi |

Before cuts After cuts

HV Signal
HV Signal

SM Background

SM Background

ΔϕΔϕ

Y(
Δ

ϕ)

Y(
Δ

ϕ)
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Y(Δϕ) =
∫

1.6≤|Δy|≤3.0
S(Δϕ, Δy)dΔy

∫
1.6≤|Δy|≤3.0

B(Δϕ, Δy)dΔy

Yield

PRELIMINARY RESULTS: SIGNAL VS BACKGROUND
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SUMMARY

❖ The analysis of the long-range angular particle correlations can 

provide valuable insights into the initial state of matter  

❖ We investigate the observability of hidden sectors at future 

 colliders with two angular particle correlations    

❖ Our preliminary results indicate that the study of angular 

correlations in multiparticle production might be useful to 

uncover the existence of New Physics 

❖ Next steps: 

•  Including detector effects (in progress) 

•  Exploring higher energy configurations (  TeV)

e+e−

s = 0.5 → 1
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Thanks for your attention!



 RESEARCH PROJECTS
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BACKUP SLIDES
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T = max
⃗n

∑i | ⃗pi ⋅ ⃗n |

∑i | ⃗pi |

Cuts applied

❖  GeV 

❖

200 < mjj < 230
T < 0.85

❖  
❖  GeV

|cos θ | < 0.95
pT > 0.3 

PRELIMINARY RESULTS: SIGNAL VS BACKGROUND

•  pbσbckg = 12.2

•  pbσHV = 0.12
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SIGNAL VS BACKGROUND
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SIGNAL BACKGROUND 
e+e− → γ*/Z0 → TVT̄V → hadrons e+e− → γ*/Z0 → qq̄ → hadrons❖

❖

s = 0.5 → 1 TeV

e+e− → γ*/Z0 → t t̄ → hadrons❖

• t

•

•

TV

T̄V

t


