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Experimental study of Kp 
interaction
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● Femtoscopy – measures space-time characteristics of the 
source using particle correlations in momentum space

from M. Lisa and S. Pratt

Femtoscopy technique

|Ψ(q,r)|2

C ( p⃗1 , p⃗2)=
P12( p⃗1 , p⃗2)

P1( p⃗1)P2( p⃗2)

C (q⃗)=
A (q⃗)
B(q⃗)

q⃗= p⃗1− p⃗2

C ( q⃗)=
∫d3r S12( q⃗ , r⃗ )|Ψ(q⃗ , r⃗ )|

∫ d3 x1 S1( x⃗1 , p⃗1)∫d
3 x2 S2( x⃗2 , p⃗2)

C ( q⃗)=∫d3r S( q⃗ , r⃗ )|Ψ(q⃗ , r⃗ )|

experiment theory (models)

A( q⃗) - correlated pairs (“same events”)
B (q⃗) - uncorrelated pairs (“mixed events”)

r⃗= x⃗1−x⃗2
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Strong interaction from 
femtoscopy
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Kyoto model
with coupled channels

K̅N threshold

K0n
58 MeV/c

Λ(1520)
243 MeV/c

Λ(1405)
-27 MeV/c2

Σπ
-100 MeV/c2

Λπ
-177 MeV/c2

Scattering experiments

Kaonic atoms

femtoscopy

PRL 124 (2020) 132501

● Clear cusp structure visible for 
small radii
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Kyoto model
with coupled channels

K̅N threshold

K0n
58 MeV/c

Λ(1520)
243 MeV/c

Λ(1405)
-27 MeV/c2

Σπ
-100 MeV/c2

Λπ
-177 MeV/c2

Scattering experiments

Kaonic atoms

femtoscopy

PRL 124 (2020) 132501

K0n
58 MeV/c

Λ(1520)
243 MeV/c

● Cusp structure fading out for larger 
radii
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C (q)=∫S (r)|Ψ(q , r )|2d3r

pair wave function 
(includes cross section)

emission function
(source size/shape)

measured correlation

● Numerically solvable (Coulomb + strong)

● The correlation function is characterized by three parameters: 

– radius R, scattering length f0, and effective radius d0

– d0=0 effective range approximation

– cross section σ (at low k*) is simply: σ=4 π | f |2

q=2⋅k*= p1−p2

pair wave function

scattering amplitude

Lednický & Lyuboshitz model
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Lednický & Lyuboshitz model

Change with R
Constant f

0

Change with f
0

Constant R

K-p
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The ALICE experiment

TPC

TOF
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Status of K-p femtoscopy in ALICE

Published Work in progressSubmitted Approved

pp 
arXiv:1905.13470

Pb−Pb (0−50%) p−Pb Pb−Pb (50−90%)

1 2 4 10

source size (fm)

arXiv:2105.05683
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Proton-kaon correlations in pp

• First 
experimental 
evidence for 
the opening 
of the  K0n  
isospin 
breaking 
channel.

• Constraints 
for low-
energy QCD 
chiral 
models.

K+p K-p

PRL 124 (2020) 132501
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Proton-kaon correlations in Pb–Pb
https://arxiv.org/abs/2105.05683

• No K0n structure 
visible

• Radii 
constrained 
from K+p pairs

NEW!

https://arxiv.org/abs/2105.05683
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Proton-kaon correlations in Pb–Pb
https://arxiv.org/abs/2105.05683 NEW!

• No K0n structure 
visible

• Radii 
constrained 
from K+p pairs

• Simultaneous 
description (and 
fit) of the CFs for 
6 centralities 
with two 
parameters and 
6 radii

https://arxiv.org/abs/2105.05683
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Proton-kaon correlations in Pb–Pb

• Radii well constrained 
from scalings

• Radii follow scaling with 
cube root of charged 
particle multiplicity 
density and <m

T
> as 

predicted by 
hydrodynamics 
calculations

Kp

πK

PLB 813 (2021) 136030
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K-p scattering length
https://arxiv.org/abs/2105.05683 NEW!

• Re f0 and Im f0 in 
agreement with 
available data 
and calculations!
 

• Complementary 
to exotic atoms 
and scattering 
experiments

https://arxiv.org/abs/2105.05683
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K-p scattering length
https://arxiv.org/abs/2105.05683

• Re f0 and Im f0 in 
agreement with 
available data 
and calculations!
 

• Complementary 
to exotic atoms 
and scattering 
experiments

• Plotted with L&L 
model for 
comparison

NEW!

https://arxiv.org/abs/2105.05683
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K-p scattering length
https://arxiv.org/abs/2105.05683

• Chi-square values show Kyoto model is slightly 
worse than L&L calculations, requiring further 
developments

NEW!

https://arxiv.org/abs/2105.05683
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Summary
• ALICE has measured Kp correlations in various 

collision systems (pp, Pb–Pb) and source sizes

• At very small ranges (1 fm in pp) the coupled 
channel effects are dominant

• For larger sources neither the cusp from 
K0n K→ -p isospin breaking channel nor 
enhancement due to below threshold coupled-
channel effects are visible, providing access to 
the K-p K→ -p process

• Radii are constrained with K+p pairs and they 
follow hydrodynamic scalings 
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THANK YOU!THANK YOU!

TeotihuacánTeotihuacán
ISMD 2017ISMD 2017
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