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Two-particle angular correlations
• Powerful method to uncover collec1ve effects resul1ng from high par1cle 

densi1es
• Ridge structure observed in heavy-ion, pPb, 
pp collisions
• Also seen in e+e– ➜ ALEPH archival data analysis
• high-track mul.plicity

V.A. MitsouFCC BSM

2

Chen et al, Phys. Lett. B 856 (2024) 138957

ridge

https://doi.org/10.1016/j.physletb.2024.138957


V.A. MitsouFCC BSM

3

SM

En
er

gy

Inaccessibility
(slow) decay back to SM 

sector via portal

Entry into Valley
via portal

Multiparticle
production in HV

Test-bed: Hidden Valley (HV)

• Signal
• e+e− → γ*/Z → D%V DV → hadrons
• Background

• qq̅ produc/on with ISR
• W+W− → qq̅qq̅
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FCC-ee results
Event selection
• no secondary vertices
• neutral PFOs* ≤ 22
• charged PFOs ≤ 15
• reconstructed ISR photons

− |cosθγISR| < 0.5
− EγISR < 40 GeV

• Di-jet invariant mass:  
mjj < 130 GeV

• Leading-jet invariant mass: 
Ejet < 80 GeV
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short range long range

WORK IN PROGRESS

*PFOs: Particle Flow Objects. 
Detector level particle candidates

WORK IN PROGRESS

y, φ coordinates defined 
w.r.t. thrust axis

• Long-range, near-side ridge in SM due to ISR effect 
(resonant Z production)

• Different behaviour between signal and background 
➜ hint of New Physics
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Two-particle angular correlations in collisions
• Interesting features 

depending on 
colliding particles and 
track multiplicities

• Heavy-ion collisions: 
ridge structure 
associated with 
fluctuating ion initial 
state

V.A. MitsouFCC BSM

6

Sanchis-Lozano, Int.J.Mod.Phys.A 24, 
4529 (2009)

Sanchis-Lozano &  Sarkisyan-Grinbaum, 
Phys.Lett.B 781, 505 (2018)

Pérez-Ramos, Sanchis-Lozano, 
Sarkisyan-Grinbaum, Phys.Rev.D 105, 

053001 (2022)

ridge

C
he

n 
et

 a
l, 

Ph
ys

. L
et

t. 
B 

85
6 

(2
02

4)
 1

38
95

7

Ph
ys

. R
ev

. L
et

t. 
11

6 
(2

01
6)

 1
72

30
1

Ph
ys

.L
et

t.B
 7

24
 (2

01
3)

 2
13

Ph
ys

.L
et

t.B
 7

24
 (2

01
3)

 2
13

pp

pPbPbPb

e+e–

https://doi.org/10.1142/S0217751X09045820
https://doi.org/10.1142/S0217751X09045820
https://doi.org/10.1016/j.physletb.2018.04.033
https://doi.org/10.1103/PhysRevD.105.053001
https://doi.org/10.1103/PhysRevD.105.053001
https://doi.org/10.1016/j.physletb.2024.138957
https://doi.org/10.1016/j.physletb.2024.138957
https://doi.org/10.1103/PhysRevLett.116.172301
https://doi.org/10.1016/j.physletb.2013.06.028
https://doi.org/10.1016/j.physletb.2013.06.028


Hidden<Valley<(HV)
“Meta-model”: large class of theoretical scenarios
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Communicator

Standard Model
SU(3) × SU(2) × U(1)

Hidden Valley
Gv with v-ma4er

Higher-dimension operators - 𝒪(TeV) scale 

SM particles v-particles
𝒪(GeV) scale

Z’, Higgs, 
SUSY LSP, 

sterile neutrinos, 
charged-particle 

loops, …

Strassler & Zurek, Phys.Lett.B 651 (2007) 374

https://doi.org/10.1016/j.physletb.2007.06.055


QCD-like<HV<scenario
• Communicator: FV
• Charged under GSM and GV

• Pair-produced in collisions
• v-quarks, qV, and v-gluons, gV

• Prompt decays
• FV → f qV ⟶ hadrons 
• EV → e qV

• QV → q qV 

V.A. MitsouFCC BSM

8

pp collisions e+e– collisions 

Perturbation 
in conventional QCD cascade 

and final hadronisation
⇩

anomalies in angular correlations
e.g. ridge-like structures

Carloni & Sjöstrand, JHEP 09 (2010) 105

Signature

https://doi.org/10.1007/JHEP09(2010)105


Correlation-related<variables
• Angular correla6ons ➜ event shape 
• y, φ coordinates defined w.r.t. thrust axis

V.A. MitsouFCC BSM

9

e+ e-  

Thrust axis !𝑛

T = 1 
“pencil”-like event

T = 0.5
spherically 

symmetric event
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Higher energies (particle level)
• In the HV sector, TvTv channel appears
• tt(bar) production appears in the SM background
• Contribution from SM decreases with the energy
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PYTHIA<HV<codes
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