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Motivation

ALICE
* Femtoscopy gives information on the space-time geometry of the particle-

emitting source.

» K femtoscopy exhibits several advantages.
* Access to high-momentum region.
»* Complement charged kaon studies.
" No Coulomb interaction simplifies analysis.

* Previous ALICE measurement at y/syy = 2.76 TeV (Phys. Rev. C 92,
054908) established centrality and & dependence of source size R and
correlation strength A .

= Additional comparisons made to Hydrokinetic model (HKM) predictions at
both energies and CMS results at 1/syy = 5.02 TeV.

* How do R and 4 depend on beam-energy, and what can we learn about
collective expansion and the space-time structure of the source?
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Femtoscopy with quantum statistics and strong
final-state interactions ALICE

Consider the correlations of two identical bosons, e.g. KYKY, emitted from

the interaction region strong final-state

Interaction

boson 1

boson
detectors

Interaction
region

boson 2 \ . _
symmetrized boson wavefunction

If * and E* are the relative distance between the bosons and the momentum
of each boson in the pair reference frame, then the non-symmetrized
wavefunction describing the elastic interaction between the bosons 1s

- % ik ok g” elk T S-wave FSI
W) =|e~ T b (k")

r* term
plane wave
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Femtoscopy with quantum statistics and strong

final-state interactions ALICE
Assume the boson source density in the pair reference frame 1s a Gaussian
with radius parameter R. 49

)~ s~ )

The two-boson correlation function is calculated by integrating over the
symmetrized wavefunction Weighted by the boson source density.

Cu k) = [ a7 S0, -

— 1+ )\e—4k*2R2 4\ |f ? 43%f(k*)

Quantum statistics e 1 2
Where £1(2) = /(; da- -~ and [5(2) =
<

The parameter A 1s an empirical parameter that measures the correlation
strength - A =1 is ideal, and o = 0.5 for K?K? correlations.
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Femtoscopy with quantum statistics and strong

final-state interactions Al
Scattering amplitude , fo(k*) + fL(k®)
for KIKY f(E) = 5
V1
k") =
wher ) = o i i)

[ = 0 refers to 1sospin-0 £,(980) and / = 1 refers to the 1sospin-1 a,(980)
resonance, and the y, are the couplings of the resonances to their decay

channels.
‘ fo(980) \ 16(PC) =0t 0+ a0(980) 16UFC =170t ")
See the review on " Scalar Mesons below 1 GeV." See the review on " Scalar Mesons below 1 GeV."
T-matrix pole /s = (980-1010) — i (20-35) MeV Ul T-matrix pole /s = (970-1020) — i (30-70) MeV Ul
Mass (Breit-Wigner) = 990 + 20 MeV Ul Mass m = 980 + 20 MeV U
Full width (Breit-Wigner) = 10 to 100 MeV Ul Full width I = 50 to 100 MeV Ul
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Main detectors
used for PID:
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Experimental Correlation Function

ALICE
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R (fm)

Results: R and /4 as a function of & ALICE
k < 1 4 % Genuine A
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R (fm)

Results: R and £ as a function of &

ALICE, Pb—Pb K>-K?
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* Agreement between results at
VSNN = 2.76 and 5.02 TeV.

* Apparent flattening of R vs. k& slope
in peripheral collisions = mirrors
trend seen in pp collisions.

= Could reflect limitations of 1D

description of a 3D structure
(Phys. Rev. C 97, 064911).
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R (fm)

Results: R and £ as a function of &
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* Agreement between results at
VSNN = 2.76 and 5.02 TeV.

* Apparent flattening of R vs. k& slope
in peripheral collisions = mirrors
trend seen in pp collisions.

= Could reflect limitations of 1D

description of a 3D structure
(Phys. Rev. C 97, 064911).

* Hydrokinetic model (HKM)
reproduces results reasonably well.

* Disagreement with data in 30-
50% centrality range = model
may overpredict collective flow 1n
peripheral collisions.
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* Genuine A
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Results: R and £ as a function of &

* Agreement between results at \/syy = <

2.76 and 5.02 TeV.
 HKM overpredicts /.

* Agreement with “genuine” A value.

of resonances K*(892) and
¢(1020).

ALICE Coll., arXiv:2605.02321

0.7
gl
* Includes dilution effect from decay 0.6 'IE

1g
0.9
0.8 e,

0.5
0.4 B
0.3
0.2
0.1

[(—e—]
I * —_—————
=
==1
[ |
[=&=]
rord r-r]
— —
=T [
C==1§%-
AT :
[ =y
e L
—Te=T
N
B m Y

————
| Ee |
—_——
i i e i I I e

RLICE

* Genuine A

¢
+

5.02 TeV:
0-10% K-KJ

10-30% K2—K?
30-50% K-K
50-90% K-K?

=== 0-5% HKM

20-30% HKM

-+ = 40-50% HKM

O

O

0

0 04 05 06 0.7 08 09 1 1.1 1.2

k. (GeV/c)

Analyce Hernandez-Norris - WPCF 2026

2.76 TeV:
0-10% K-KJ
10-30% K>-K¢
30-50% K-Kg

— 0-5% HKM

11



Results: R and / as a function of <dN_,/dy>1">

ALICE
E ('Q EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
~ ALICE, Pb—Pb Kg-K¢ 0.9 E
0.8 ] -
2] i : :1 =
0.7F =
O 0.6 é —
- = f =
0.5 = =
0.4F-0  k;range: 5.02TeV: 276 TeV: =
0.3E- 0.2-0.6 GeV/c ¢ Q 3
“E 0.6-0.8 GeV/c I | - 3
02E 0.8-1.0 GeV/c { $ =
= 1.0-1.5 GeV/c - o -
0.1 % Genuine & =
0 0 :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
3 4 5 6 7 8 9 10 11 12 13 3 4 5 6 7 8 9 10 11 12 13
1/3 - 1/3
N /dn>m|<0.5 ALICE Coll., arXiv:2605.02321 aN_ /d?])m|<0_5

* Results from different collision energies are consistent within measurement uncertainties.

e J stability = stability of ratio of primordial and non-primordial K¢ as a function of energy.
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Results: Comparison with CMS

ALICE

:IIIIIIIIIIIIIIIlllllllllIlllllllllllIIIIIIIIIIIII: (ﬂ 1: IIIllllIllIIIlllllllllIIIIIIIIIIIIIIIIIIIIIIl -
6:— ALICE, Pb-Pb Ys, = 5.02 TeV KS—KS B 0.9F t  kp1.0-1.5GeVic,<k)=12GeVic =
- . 08F t  CMSk;:0-2.0GeVic, (k) =1.4GeVic 2
5 m E 7E [Phys. Lett. B 857 (2024) 138936] _ 3
4F ¢ Iﬂ - 0.6F- H - H - + E
sf- Hm H = 05?H 157 + E
:H . 0.4 * ] 3
oF H f 4 ok + E
- - 0.2 T =
1 = = :
: - 0.1E- E
0-IIIIIIIllIIIIIIIIIIIIIIIIIIIIIllIIIIIIIIllIIIIIII- 0:IIIIIIIllIIIIIIIIlllllIIIIIIIIIIIIIIIIIIlllIIIIII:
3 4 5 6 7 8 9 10 11 12 13 3 4 5 6 7 8 9 10 11 12 13

(AN, /dm) ALICE Coll., arXiv:2605.02321 (0N /dn) 2 -
* Agreement within 1.30 between experiments, despite different baselines and k&
ranges.
* ALICE shows improved precision. 13
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Summary

RLICE

» First measurement of K?K{femtoscopy in Pb-Pb collisions at 1/Syy =
5.02 TeV at the LHC.

* R decreases with &, confirming collective radial flow at \/syy = 5.02
TeV.

= Apparent flattening of R(k;) in peripheral collisions suggests weakening
collective expansion and possible transition to pp-like behavior.

* HKM may overpredict the presence of collective expansion in peripheral
collisions.

* )\ stable across A, centrality, and energy = fraction of primordial
K? does not change with beam-energy.

* 3D femtoscopy can more accurately characterize k. -dependence of R
in peripheral collisions and help constrain models.
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K? Purity
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R (fm)
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R (fm)
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Collision K*(892)/K $(1020)/K

(
. . 276 TeVpp KO/K 031+004 /K 0.11+0.01
G L bd C 1 1 7 TeV pp K*/K~ 035+0.04 /K 0.11+0.02
CNnuine dil d aicu atlon 13 TeV pp KO/K2034+001  ¢/K?0.11+0.01
502 TeVpp KO/KF029+002 /K= 0.08+0.02

* Following procedure from ALICE Collaboration, Physics Letters B
833 (2022) 137335.

* Uses ALICE measurements of K*(892)/K and ¢(1020)/K ratios.

M = 1= Ry ioBR(¢ — KI)—Ryc o BRIK* — KY)

KS

Name Mass (MeV/c?) I' (MeV/c?) Kaon decays hc/T" (fm)
K*(892) 891.67 514 K (100%) 3.839
¢$(1020) 1019.46 4.249 K™K~ (49.2%), I(El(gJ (34%) 464
K;(1270) 1253 ~ 100 Ko (42%) 1.973
K;(1430) 1425 270 Km (~ 100%) 0.731
K5(1430) 14273 100 K (50%), KX (12%) 1.973
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R (fm)

CMS Double Gaussian Background
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= o ki 1.0-1.5 GeV/e, (k) = 1.2 GeV/c 7
— ¥ CMS k1 0-2.0 GeV/e, {RT> =1.4 GeV/c -
- [Phys. Lett. B 857 (2024) 138936] -
== ] Double Gaussian Fit ?
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