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Motivation %

1t ,;, o voesasass @ First measurement of K*K- at the LHC
0.99 | ALICE Pb-Pb } -276Tev|{ ® Constrain couplings and masses of f (980) and a (980):
0-10% KIK' 1 K° K*: strong FSI, a (980) only [ALICE PLB774 (2017) 64]
0.98 | All k 1
PLB77 4 (2017) 6 4 1 K'K': s-wave strong FSI (both g, and f), p-wave FSI ( ¢ meson)

0.97 L —— o5 p (Ge\//c) and Qoulomb FSI [all sensitive to source §ize]

K+K- Lednicky FSI, r,=5 fm a,, f, couplings and masses: four model descriptions
é Hlcoutomb o e —a, couplings and mass were fixed from ALICE papers
§ 1 |region ’/ —pmenan [PLB774 (2017) 64, PLB 790 (2019) 22]
S i ~— Achasov_2 — are these a, values suitable for K'K-

e Cross-check of identical kaon (K*K* and K° K® ) results

R.Lednicky, V.L.Lyuboshits,
. Sov.J.Nucl.Phys.35 77Q(1982)

L
(o] 005 01 0.15 0.2 0.25 0.3 035 0.4 045 0.5
q (GeV/c)
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KK existing results %

NA49 Pb-Pb 158 GeV [PLB 557(2003)157] STAR AuAu 200 GeV [WPCF 2017, J. Lidrych]

= Lednicky model

Transverse pair momentum ky % data

o~ T T T I T T T <
5.4 l | | l = >
] Centrality 0-5 %, 0.05 < k; < 0.35 GeV/c Centrality 0-5 %, 0.35 < k; < 0.65 GeV/c Centrality 0-5 %, 0.65 < k, <0.95 GeV/c
H H - 2.5[- T 2.5 J T 2.5 T
----- pointlike source 0-5% ]
22 ] 220 Tz 20 20
- ol o T
3 9 [ g g
2 --=~finite source i S 15 | & s S 15
— STAR preliminar y STAR preliminary STAR preliminary
- 1.0 1.0| 1.0
-] 0.0 01 02 03 04 0. 0.0 0.1 0.2 0.3 0.4 0. 0.0 0.1 0.2 0.3 0.4 0.
1.8 s 7 =] q’. [GeVic] q- [GeVic] q_ [GeVic]
— finite source + S.I. 5 M
q) ] Centrality 10-30 %, 0.35 < k, < 0.65 GeV/c o 5| Centrality 10-30 %, 0.65 < k < 0.95 GeV/c
1 6 1 = (@]
L, ; - o) 220
L ® Experimental Data . 3 =
1.4 F\* - =i 3 o S 15
" ~ = STAR preliminan ¥ STAR preliminary STAR preliminary
i = ~
1.2 < 100
. = = 00 01 02 _ 03, 04 0. : : : : . : ‘ : : !
- 00 01 02 _03_ 04 o 00 01 02 _ 03 04 O
IR e, = 9, [GeViel q, [GeVic] q,,[GeVic]
.............. inv
1 w4 R O O LT 1 2]} Centrality 50-80 %, 0.05 < k; <0.35 GeV/c 2 5] Centrality 50-80 %, 0.35 < k; < 0.65 GeV/c 2.5[Centrality 50-80 %, 0.65 < k; <0.95 GeV/c
L &
08 F - & &2 &
— — o o
. N N H N~
B 5| & 15 o S 15 & 15
- - STAR preliminar v [ STAR preliminary STAR preliminary
06 = 100 1.0 1.0F .
C 1 | 1 | L | L | L | 1 n 0001 02 _ 03, 04 0 00 T B R M W S 00 041 02 03 04 0
0 50 100 150 200 250 300 v T (0611 9, GeVle] T, (GEVe]

Q,,[MeV]
® Coulomb stays above data ® No fit, comparison with Lednicky model

e Dip at Q, ~50-150 due to strong interaction ® Data is described qualitatively for large source
e Strong and Coulomb FSI does good job ® Phi production mechanism is not taken into account
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K'K" theoretical correlation function (formalism)

ALIC

[R.Lednicky,V.Lyuboshitz Sov. J. Nucl. Phys. 35, 770 (1982), R.Lednicky Phys. Part. Nucl.40, pp.307(2009)]

The K*K- correlation function(CF) at given k* and 3-momentum P:

Cyrsi(kK*,P) = / d&r*s%(r*, P) Z

al

(1) Spatial separation:  S(r*) ~ exp(—r** /4R?)

ook 2
Yo ()

The s-wave scattering amplitude f(k*):

fO(k*) _ Yf0—>K+K— and fl (k*) _ ’YClo—>K+K— (2)

m?vo —5— i(}’f0—>K+K—k* =+ '}/fo—wmkmr) mﬁo — 85— i(Yagsk+K—K* + Yao—mn kyrn)

The p-wave strong interaction through ¢ meson resonance [R.Lednicky Part. Nucl. Letters 8(2011)965]:

Co(p1,p2) =N~ (p1,p2 /d rWp(r.k) ) o 3)

al!

The total correlation function: C_(p,,p,) =1+C . (p,p,) + N,.C pudirecdP1P2) T NLCo(D1,D) (4)
C,. reelPsP,) 18 @ non-relativistic Breit-Wigner function.
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ALICE at the LHC

ALICE

- -

Tracking and vertex
* Time Projection Chamber (TPC)

-

\ ABSORBER

~ TRACKING .
: & Inner Tracking System (ITS)
~116m from I.P, s o, FlLTER

Particle Identification
e TPC and Time of Flight

| TRIGGER
| . S

_ Centrality determination
\\n.ﬂémfrom LP, [ ] VO
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Dataset and particle identification %

ALICE
= 1000~ —
_ 900 et i
;_/ 800;—‘ . JuIy4"'.,2012
5 T00f | o
2 600E S =2.76 TeV R .
£ soob e Data: 40 million events, the same as for K*K* in Pb-Pb
§ a00F- at 2.76 TeV [PRC 92 (2015) 054908]
S 300F
£ fgg: e TPC: 20 0.2<p<0.4 GeV/c, 10 0.4<p<0.45 GeV/c
TOF+TPC(30): 20 0.45<p<0.8 GeV/c, 1.50 0.8<p<1.0 GeV/c,
A

0203, 17 2 545  10g1.0<p<L.5 GeV/c

® Bins(24 CF): same as they were in K*K* analysis
k [8]:0.2-0.3,...,,1.0-1.3 GeV/c

alTcE Centrality[3]: 0-10, 10-30, 30-50 %

PERFORMANC
03/07/2012

0.6F

0.5F

"1 15 =2 25 B3 B35 4 45 5
p (GeV/c)
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K*K" purity %

ALICE
>
’g‘ ALICE Preliminary Pb-Pb | s,,=2.76 TeV S | ALICE Preliminary Pb-Pb | s=2.76 TeV
o o
T Tga oo = 1 S A A 4
1 reaaaayd oK AN 4 5 1 (W%ﬂ
x |
X
0.981 0.981
® 0-10% ® 0-10%
0.96- ™10-30% 0.96 ®10-30%
4 30-50% 30-50%
I | L | L | I | | | | | | | | | | 1 1 | 1 |
03 035 04 045 05 055 04 06 0.8 1 1.2
p (GeV/c) k; (GeV/c)
* The obtained purity decreases « PairPurity(k, ) = SinglePurity(p,) * SinglePurity(p,)

with increasing centrality.

° k = + 2
* The single kaon purity is higher than 96% v = Pry * P,

* The value of the pair purity is higher than 99%
for K'K™ pairs.
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Momentum resolution(MR) with MC:

* The finite track momentum resolution smears the relative
momentum correlation function.

Reconstructed ¢ mass resolution

Correlation function smeared by MR:

Y 8- aLicE Preliminary
>
é Pb Pb \SNN_2 76 Tev Z C Qtrue (Qtrue ’QFEC)
o —o— 0-10% KK’ C(Q ) Qe
2.5+ —— 10-30% K'K' rec
—A— 30-50% KK Z M true ’ Qrec
N % —— HIJING w/ mom. res.
2r « M(Q,_ Q. )—HIING[PRD 44,3501,1991|+GEANT
el * Cross-check MR using ¢ peak in K'K- CF
* ¢ peak is fitted with the convolution of a non-relativistic
1 | | | | | Breit-Wigner peak and a Gaussian [PRC 91(2015)024609]
02 04 06 08 1 1.2

ky (GeVic) The mass resolutions obtained from the two methods

are in agreement
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K+K- Lednicky FSI, r0=5 fm

'_%In Ut for flt %ms Coulomb ¢ KLK@:L |
* C(@) = Norm[1+A-C(q,R) +A,-C,(q,M, 0))] | [region S
C_.(q,R) - Lednicky model N e
C,(q,M,0) - Breit-Wigner I',=4.25MeV
Thf.a
L \ 0’
e a, parameters fixed from Achasov’ [ALICE PLB774 (2017) 64, oss— \\ _~ R.Lednicky, V.L.Lyuboshits,
- Y. 1,50y Nucl Phys.35,770(1982).

=}

PLB 790 (2019) 22] 0.05 0.1 0.15 0.2 0.25 03 035 04 qO(.éSeV/((:)).S
« f, mass and coupling parameters are free

The masses (a, and f ) and coupling parameters
Model mf02 maoz Yio_ k+k- Yo _m Yao _ k- Ya0-m
Martin 9565 .9487 792 .199 333 222 NPB 121 (1977) 514
Antonelli 9467 .9698 2.763 .5283 4038 3711 hep-ex/0209069
9920 9841 1.305 .2684 .5555 4401 PRD 63(2001) 094007
Achasov? 9920 1.0060 1.305 .2684 .8365 4580 PRD 68(2003) 014006
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Correlation functions fitted by FSI with new f, parameters €,

ALICE
Pair transverse momentum k_ -
1158 0-10% 0.3<k<0.4 GeV/c |k 0.5<k.<0.6 GeV/c " 0.8<k.<1.0 GeV/c
11 ALICE Preliminary H K"K Pb-Pb |s\\=2.76 TeV |-

Centrality

\J

« Fit function gives a good description for all k (left to right) and centrality(top to bottom) bins.
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Comparison radii and A of K'K" and K*K*

o

imi & 0-10% K'K* < 15[ - & 0-10% K'K*
ALICE Preliminary . 1030 KKE ALICE Preliminary 0509 [
K'K Pb-Pb \5\=2.76 TeV 34 509 kK K'K Pb-Pb \s,,=2.76 TeV  _, 30.50% K'K*
S 0-10% KK’ S 0-10% KK’
3 10-30% KK 3 10-30% KK
6 @ 0

¢ 30-50% KK

¢ 30-50% KK

‘Q%M ,;@M

p g T

o

ky (GeV/c)
* Radii are in agreement within errors

* A of K'K" tend to be larger than for A of K*K* (possible due to FSI slightly underestimate)
« New preliminary f (980) couplings and mass parameters:

Yoo =0.31 +0.062 +0.092 GeV
Y, =0.081 +0.0162 + 0.024 GeV
M, =0.972 + 0.003 + 0.005 GeV/c*

K+K-@PbPb2.76TeV Konstantin Mikhaylov ICPPA-2020
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What does the PDG say? And what about ALICE measurements?

| fo(980) U | 16(FC) =0t )

Mass m = 990 + 20 MeV
Full width ' = 10 to 100 MeV

980 Fraction (I';/T p (MeV/c
DECAY MODES ;

T dominant 476
KK seen 36
Yy seen 495

Present analysis(preliminary):
e Mass is M, = 972 + 3(stat) + 5(sys) MeV/c?
o [ *k_/m = 39.7 + 7.94(stat) = 11.8(sys) MeV
« The measured width and mass of the f (980) is close to the PDG result

f0 YfO - TIT

K+K-@PbPb2.76TeV Konstantin Mikhaylov ICPPA-2020
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Conclusions %

ALICE

* The ALICE experimental data on the non-identical KK correlation were presented

* The pair purity of K*K" was better than 99 %
* The smearing matrix was used to take into account momentum resolution

« For the first time the K'K" correlation functions were fitted with free f (980) mass and couplings and
with restriction on radii to be close to the corresponding identical K*K*

 The measured preliminary width of the f (980) is 39.7 £ 7.94(stat) + 11.8(sys) MeV and
mass is 972 + 3(stat) + 5(sys) MeV/c? which do not contradict the PDG data

Thank you very much for your attention !!!
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Femtoscopy

P
P1

P2

~ pz 2-

R
R :> 14

S
7

r
Parametrizations used:

q

IDGF:  Clqy,)=1+re

R — Gaussian radius in PREF,
A — correlation strength parameter

Correlation femtoscopy :
Measurement of space-time characteristics R, ct of particle

production using particle correlations due to the effects of quantum
statistics ( QS ) and final state interactions ( FSI)

Two-particle correlation function:

theory: C(q)= Na(py, po) ,C(0)=1
Nl(p1)’N2(p1)
S
experiment: C(CI):%,CI:M_M

S(q) — distribution of pair momentum difference from same event
B(q) — reference distribution built by mixing different events

3D CF: C (qout s 4 side > iong ) =1+A e_Rowqw[—RSide Tsite ™ Riong Ton
R and q are in Longitudinally Co-Moving Frame (LCMS)
long || beam; out || transverse pair velocity v_; side normal to out,long



K'K" existing results: STAR

Ayjesu)

Transverse pair momentum Kk

Y& data

- Lednicky model

>

- Centrality 0-5 %, 0.05 < k; < 0.35 GeV/c

Centrality 0-5 %, 0.35 < k; < 0.65 GeV/c

Centrality 0-5 %, 0.65 < k; < 0.95 GeV/c

2.5 2.5
% 2.0 ~:20 220
= o o
= o = |
S 1.sf 5 s S 1sf
F STAR preliminary STAR preliminary E STAR preliminary
1.0 1.0 1.0f
0.0 0.1 0.2 0.3 0.4 0.5 0.0 (K] 0.2 03 0.4 0. 0.0 GX] 0.2 03 0.4 05
Gy [GEV/C] a_, [GeVic] > a. [GeVicl >
2.5} Centrality 10-30 %, 0.05 < k; < 0.35 GeV/c 2.5 Centrality 10-30 %, 0.35 < k; < 0.65 GeV/c 2.5 Centrality 10-30 %, 0.65 < ky < 0.85 GeV/c
AE 2.0 2.0
= o
S 150 o 5 s
F STAR preliminany STAR preliminary STAR preliminary
1.0F 1.00
0.0 0.1 0.2 0.3 0.4 0.5 0.0 01 0.2 03 0.3 o 0.0 [X] 0.2 0.3 0.4 X
q,, [GeVic] q,., [GeVicl q,. [GeVic]
2.5] Centrality 50-80 %, 0.05 < k; < 0.35 GeV/c 2.5 Centrality 50-80 %, 0.35 < k; <0.65 GeV/c 2.5[FCentrality 50-80 %, 0.65 < k; < 0.95 GeV/c
~z20 -
=
= H H
S 15 E g
STAR preliminary F F STAR preliminary
1.0 F E .
0.0 01 0.2 0.3 0.3 °. 00 0.1 0.2 0.3 a o. 0.6 0.1 0.2 0.3 0.
v 9, [GEVIC] a,., [GeVic] a,., [GeVic]
- . ©
Observations: = 1.4
< The model underpredicts the strength %
- - - o
of the correlation functions in the g 12
region of resonance with decreasing =
. ' 1.0
Rlnv -—
=
B
« Model fails for smaller system o os
(~3fm and smaller) =
[ 3] 0.6
o

* Does not take into account
¢ production mechanism

K+K-@PbPb2.76TeV

Konstantin Mikhaylov ICPPA-2020

K'K" in AuAu at Vs, =200 GeV
[WPCF 2017, Jindrich Lidrych]

CF=(CF"™-1)-A+1 (no fit)
CF"°r _, Lednicky model

® Data is described qualitatively
for large source

+

—+— 0.05 < k< 0.35 GeV/c
—+— 0.35 < k;< 0.65 GeV/c
—+— 0.65 < k;< 0.95 GeV/c
—+— 0.95 < k;< 1.25 GeV/c

o

o

STAR preliminary

9 S

w._

R, Lfm]

nv
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New and previous mass and couplings f.(980):

The masses (a, and f ) and coupling parameters
Model mfoz maoz Yeo . k- Yio_mn Ya0 . kek- Ya0_m L= Vg0 /Mg
Martin 9565 .9487 .792 .199 333 222 97
Antonelli | .9467 .9698 2.763 .5283 4038 3711 258
9920 9841 1.305 .2684 .5555 4401 131
Achasov?2 | .9920 1.0060 1.305 .2684 .8365 4580 131
ALICE .945 1.0060 0.31 .081 .8365 4580 40

Uncertainties for models are about 10-15% for couplings and 3-5% for masses

« New values of f mass is close to Martin, Antonelli and Achasov results.

But new couplings are smaller.
o Theratioy, .../Y, .. isabout4-5 for all results

¢ ALICE Yf0—>K+K—/Yf0—>T[T[ ~ 4.

K+K-@PbPb2.76TeV Konstantin Mikhaylov ICPPA-2020



K+K- theoretical correlation function (formalism) I

[R.Lednicky,V.Lyuboshitz Sov. J. Nucl. Phys. 35, 770 (1982), R.Lednicky Phys. Part. Nucl.40, pp.307(2009)]

The K+K- correlation function at given k* and 3- omﬁntum P as KK- and .
Corsr(K*,P) — / s (r*, P) ‘ w%a (pr)|” where o means and summing over

;’ k intermediate channels o'=K*"K-,K°K®°
Ass.ume a spherlcally symmetric Gaussmno dlS’[.rlbutIOD of the particle ¢ (r*) ~ exp(—r*2 /4R?)
emitter spatial separation r* in the PRF with size R
A stationary solution of the scattering problem at large distances has the asymptotic formofa
superposition of a plane wave and an outgoing spherical wave: W_ g (r*) = e %7 + f(k*) -

The s-wave K+ K~ scattering amplitude f(k*) is dominated by the near threshold s-wave isoscalar f

980) and isovector a. (980) resonances characterized by thei ses and respective couplings.
(980) and i o 980) aractrizeBy Deiymas pee pungs.
Total amplitude could be written as: f(k™) = 5 , where amplitude for I=0 and I=1:
Jo(k™) = Yoo K+K—

and J1 (k*) = Yao—K+K—
m?”O — s — i(Yfook+k—K*+ Viy—sankrr) m2, — 5 — i(Yagsk+K—k* + Yaosmnkmn )

where s = 4(m,” + k*), m_, , m,, are the masses of the a0 and fO and k. >k, the momenta in the secondary decay

ik*r*

The general form of the strono FST nart (the s-wave scattering nn]v) of the K+K- correlation function is:
1 2)|17  2:R 2 3 2
C) =1+ a[ 4|19/ f(a/2) 1612 1 )] 2

— " “F(gR) —
R \/J'CR 1(9 ) - exz—z 1 e_Zz
Fi(z) = / dx , F(z)= —7—
0 < <

K+K-@PbPb2.76TeV Konstantin Mikhaylov ICPPA-2020
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K+K- theoretical correlation function (formalism) II

The wave function of K+K- with the Coulomb interaction may be written (see Appendix in

Sov. J. Nucl. Phys. 35, 77p (1982) ) : G

¥ () = VAc(m)e® fe_’k*r*)zF(—in, 1,i&) + fe (k") (|’;|n)}

where A_is Gamov factor Ac = 271 lexp(27cn —1)] - n=1/(k'a), a_.=1/(jzz e*) Bohr radius
The corresponding effective amplitude (renormalized by Coulomb interaction):

Fulkr) = [} — ikt AL(T) — ih(n)] -

The p-wave strong interaction through ® meson resonance [R.Lednicky Part. Nucl. Letters 8(2011)965]:

Co(p1.p2) = N1 (p1,p2) [ d*rWe(r,k) Y [y (1)
o' m’
The emission funct(on with possibbe position-momentum (rk) correlation:

Wp(r,k) =exp| — JF +brk | N(pi1,p2) =87 ?Rexp(L’K°R’)  N(p1.p2) = [d*cWp(r,k)

The height of CF at ® meson peak position ACF ~ 1/R?
The total correlation function is defined as a sum : C . (p,,p,) = 1+C_.(p,,p,) + NC_ . (P,,p,) * N,C (P,.P,)

Cop.gireeP1oD,) is @ non-relativistic Breit-Wigner function.

K;[?g bb%gbg%gglse‘%/re all phi mesons before E(s)tnlsr%g%r&ﬁtﬁ?kﬁ%ly%%gie&ﬁf) Ae_%(&b%n including hadron cascade). .



Events/ 0.02 GeV

Events/ 0.04 GeV

WA102 Collaboration [Physics Letters B 462 (1999) 462-470]
A coupled channel analysis of the centrally produced K+K- and rt+7t- final state

20000

60000

40000 |

20000

0

3000

2000

1000

GeV

2.5

—mmse - - -
- In this present paper we use the Flatté formula [6]

to describe the f,(980), this is referred to as Method

1. For the w7 channel the Breit-Wigner has the

form:

moy T T,

my —m> — imy( I, + IT'y)

BW(M__ )=

and in the K 'K channel the Breit-Wigner has the
form:

momvrx

BW(M =
(Mix) my —m? —im, (I, + I'y)

where [I; is absorbed into the intensity of the reso-
nance. I, and I describe the partial widths of the
resonance to decay to 7w and KK and are given by

1:,_=gﬂ_(nlz/él—mr2 )]/2

aw

1/2 1/2]

T = g:/2|(m? /4 — m3%)' % + (m? /4 — mko)

The £,(980) couplings: g =0.19+0.03+0.04 g _=0.40+0.04+0.04

These values best relate to Martin’s model[NPB121(1977)514]:

antB kDR 1t Brac 0 0-099 20



Position-momentum correlations

PHYSICS OF PARTICLES AND NUCLEI LETTERS Vol. 8 No. 9 2011

Femtoscopic Correlations and Final State Resonance Formation!- 2

R. Lednicky+?*
2 Joint Institute for Nuclear Research, Dubna, 141980 Russia
b Institute of Physics ASCR, 18221 Prague, Czech Republic

Abstract—The correlation femtoscopy formalism including resonance formation due to the final state interaction
and its applicability conditions are discussed. The example calculations of t =~ and K+ K~ correlation functions are
done with the account of =%(1530) and ¢(1020) resonances, respectively. It is shown that in these calculations the
usual form of the smoothness approximation should be substituted by a more general one. A strong sensitivity of res-
onance formation in the final state to the position-momentum correlations at particle freeze-out is demonstrated.

W, (r,k) ~ exp[-r¥/4r? + bkr]; r-k correlation may result from the collective flows and resonance

decays. CF suppressed by a factor W,(0,k) ~ exp[-b?r*k?]

One can estimate b from experimental phi-meson peak in K+K- correlation function.
The peak height decreases with the increasing centrality in qualitative agreement with the inverse

volume(r,® ) dependence.

Does the r-k correlation help to understand the ALICE data?
@ peak value (AR=CF(m,_)-1) according to W(r k) space distribution
with r,=5fm. Simple Gaussian emmision function(b=0) leads

to everestimates the peak value. Factor b~0.12 is sufficent to
describe NA49 data on K+K- in PbPb at 158GeV. —

7 olos \
~ Jo.06 N\
/ 0.04 | NN\

0.02 - D N

AR
012+
000

—0.2

K+K-@PbPb2.76TeV Konstantin Mikhaylov ICPPA-2020
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