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Experimental study of Kp
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Experimental study of Kp
interaction

Scattering Femtoscopy
K K
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Femtoscopy technique

from M. Lisa and S. Pratt

* Femtoscopy - measures space-time characteristics of the
source using particle correlations in momentum space

C(p B ): P12(p13p2) Cil::_l;}:l;z
experimejt/ VT PPy Py(P) \tﬂeory(models) b
» d’rS,(q,7)|W(q,7)
.\ _A(q) C(q)= Jdrs,
C(Q)_B(Ej) fd X, S,(%,, p, )fd3x252(xz,p2) %
A(E[) - correlated pairs (“same events”) ¢ ALIC
B(q) - uncorrelated pairs (“mixed events”) Id rS(3,7)|w (3.7 [
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Strong interaction from
femtoscopy
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Kyoto model

with coupled channels

PRL 124 (2020) 132501

1.1

K_N thrEShOId/
=09 |
K°n A(1520) Qo

<

A(1405)
-177 MeV/c? -100 MeV/c? -27 MeV/c2] 58 MeV/c 243 MeV/c 0.8 L
> 0.7 +
0.6 i

Kaonic atoms

I
@ Scattering experiments

femtoscopy

* Clear cusp structure visible for

small radii

29 July 2021, HADRON 2021

Lukasz Graczykowski (WUT)

"'-_--_,.”“// K_'p__
-7 _ T Kp+Kn --- -
_ “"Kp+K'n+7a¥ --eeeee-

Full ——
Full without Coulomb —.-—

150 ' 950 300

50 100 200
q [MeV/¢|

7/20



Kyoto model | =
with coupled channels —
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Lednicky & Lyuboshitz model =

LN
Clq)=J s(r)|w(q,r)'d’r q=2-k'=p,~p, d
measured correlation emission function pair wave function

(source size/shape) (includes cross section) /

L L — ]. 8
pair wave function > v () = Acle)—= 7 [ -EXPER(_je 1,it*) + fo(F) Glp, )]
. . I 1
scattering amplitude > = f_‘ —dgk*2 - —h(k*ac) —ik*ac
0
G is the combination of the régular and.singulaf s-wave Coulomb functions h(g) = €? ): [n(n*+€2)]"! —y —In|€g| (y = 0.5772 is the Euler constant)
n=1

F is the confluent hypergeometric function Ac is the Gamow factor, {* = k*r*(1+cos8%), £ = 1/(k*ac)

Bohr radius of the pair (ac = —83.59 fm for K™ p pairs)
* Numerically solvable (Coulomb + strong)

* | The correlation function is characterized by three parameters:

- radius R, scattering length f,, and effective radius d,
- d,=0 effective range approximation

- cross section o (at low k*) is simply: o=4un|f B
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Lednicky & Lyuboshitz model
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The ALICE experiment

THE ALICE DETECTOR
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Status of K'p femtoscopy in ALICE | =

Published Submitted Approved Workin progress

< T
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experimental
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isospin
breaking
channel.
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Proton-kaon correlations in Pb-Pb | =

https://arxiv.org/abs/2105.05683
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Proton-kaon correlations in Pb-Pb | =
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Proton-kaon correlations in Pb-Pb | =
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K'p scattering length

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

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

https://arxiv.org/abs/2105.05683

NEW!

Model calculation:

Rfo (fm)

3 fo (fm)

x°/ndf

Lednicky-Lyuboshitz fit to data —-091+ 0.0S(Smt)fg:(l]g(syst) Y2+ 0.0S(Smt)fg:ﬁ(syst) 1.4
Kyoto [39, 76] — — 2.8
Lednicky-Lyuboshitz with fixed parameters from:

Kaonic deuterium (Hoshino et al.) [74] —0.66 0.89 2.0
Scattering experiments (Martin) [71] —0.67+0.1 0.64+0.1 3.3
Chiral SU(3) (Ikeda et al.) [17, 18] -0.7 0.89 1.9
SIDDHARTA chiral SU(3) [17, 18] —0.65+0.1 0.81+0.15 2.3
Hamiltonian EFT (Liu et al.) [73] —0.75 0.80 1.9
Kaonic hydrogen (Ito et al.) [72] —0.78+0.15 0.4910.25 4.2
Chiral SU(3) (Borasoy et al.) [75] —1.05%0.5 0.754+0.4 1.6

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

developments
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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
K°n—Kp isospin breaking channel nor
enhancement due to below threshold coupled-
channel effects are visible, providing access to
the Kp—»K'p process

Radii are constrained with K+p pairs and they %
follow hydrodynamic scalings ALICE
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