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Femtoscopy with kaons — a cleaner probe
e
( | In comparison with the most abundant pions, there are following advantages

Femtoscopy

.

Kaon femtoscopy

.

» Less feed-down —smaller contamination with non-primary kaons from

o resonance decays

Kaon femt ) : : : : ..
- "&ts |+ Smaller cross section — information about a different stage of the collisions
, ~ evolution

Results from BES

Kaonfemtoscopy | o :
| atiop RHIC enerdy | Kaons contain strange quark

Results from 200 GeV R . g
\ ) However, more difficult due to ~10 smaller statistics
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STAR Experiment at RHIC

Kaon femtoscopy
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Charged kaon femtoscopy for BES

( Femtoscopy 1 RHIC Beam Energy Scan Vs\ (GeV)  ug (MeV) #Events #Weeks Year
) "« One of the main physics program at the RHIC 200 20 B0M 11 2010
[ Kaon femtoscopy | 62.4 70 67 M 1.5 2010
- . 39.0 115 130M 2 2010
CerAR B ) The goal of Beam Energy Scan: 0 Joe oM . 2011
X aisten) « Find the QCD critical point 19'6 o5 e e o1
Kaon femtoscopy ) « 1storder phase transition signs ' '
. 14.5 260 20 M 3 2014
\ leybE> ) «  Turn-off SQGP signatures
p . 11.5 315 12M 2 2010
Results from BES
. ) . i 7.7 420 4M 4 2010
1D femtoscopic analysis of charged kaons
[ Kaonfemt 3 . _ .
| at ;OaneHTCOZﬁZ%y « Motivation: Is there a different between K* and K~ source? Martin Girard from WUT
. - & F GeV Centrality 0-30%
’ .+ 6 energies: 7.7, 11.5, 14.5, 19.6, 27 and 39 GeV S a0
R Its f 200 GeV . . 160 reliminar
T ) - 2 centrality bins (0-30% and 30-80%) 3 STAR Prefiminery
[ kK femtoscopy | ¢ 2kqs bins (0.2-0.4 GeV/c and 0.4-0.6 GeV/c) LoE o — L —
‘ "« Fitting function: Phys. Lett, B270:69-74, 1991 o n_ 042:001]%  040=00f
Model comparison _p2 2 1'215
| | CFQu) = [ = D) + AK Qo R )+ € Flrnthin)| N
( Conclusions ) where R;,,,— source radii, A — correlation strength,

K(qiny Riny) — Coulomb function and ‘N — normalization °% o7 oz s e s e
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Results from kaon femtoscopy for BES

Femioscopy | © No clear beam energy dependence visible
( Kaon femtosco \ . . . —
. " | « Possible different behavior for K+ and K~ for energy 10-20 GeV ?
STAR Experiment E 55%_ Centrality 0-30% g g Centrality 30-80%
L J IE 5.05_ STAR Preliminary Q':E 4'0:_ STAR Preliminary
Kaon femtoscopy | asf ¥ 02< k;y <0.4GeV/c a5l 0.2< kr <0.4GeV/c
| for BES ) sob] YO ¥ g M -
Ei A a 3.0 %
r 2 3.5;— A E X *
Results from BES 30F +K-K* 2.5;—* 4; X +K-K*
X 3 *K-K 200 *K-K
Kaon femtoscopy 20E F
attop RHIC energy J [ T R R R TR B T R
p N Vs [GeV] VSny [GeVI
Results from 200 GeV E 550 Centrality 0-30% £ Centrality 30-80%
) » EE 5.0 STAR Preliminary EE 4'0:_ STAR Preliminary
0 \ o 04< k; <0.6GeV/c s 04 < kr <0.6GeV/c
+K- SE ~r
K*K" femtoscopy = Yy -
L ) 4.05— A? N X X 3_0:_ v
- ~ 3.55— i o ; A X
Model comparison 3.0 -+ K-K* 25F -+ K*-K*
" S/ 25K > K'_K' 2.0:_ f . K_-K_
( : | 2.0F -
L Conclusions ) 1'5:"1|o'"'2|0""3|o""4|o""éo""alo"" [ NEN B R
VS [GeV] VS [GeV]
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Kaon femtoscopy at top RHIC energy
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Au+Au collisions at \/syy = 200 GeV

In the past, STAR has already performed the first measurements with kaons

Phys. Rev. C88 (2013) 34906

« Used data were recorded in 2004 and 2007

. Only TPC for PID

« Data favor models that break the m, —scaling
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Kaon femtoscopy at top RHIC energy

Femtoscopy Au+Au collisions at \/syy = 200 GeV

faon femioscopy | In the past, STAR has already performed the first measurements with kaons

. Phys. Rev. C88 (2013) 34906

STAR Experiment — 0A0 , @2 a2 , o4 4
. frooa At e g (a) S°A” + SxxAxx+ SxxxxAxxxx
* « Used data were recorded in 2004 and 2007 ., Y
Kaon femtoscopy e 10 ¢ w, e
for BES ) = o KK &KK ) % ‘
N ° Only TPC for PID 5 - AusAu Vs=200 AGeV MT .
Results from BES jo 7L Oscenwalty<20% “H et 4
J -41 0A0 2 a2 4 4
X 10 = (0) S"A™ + SiyAy+ Syyyy Apyyy
Kaonfemioscopy | * Data favor models that break the m; —scaling P - PHENX pors
| attop RHIC energy | e 10 ¢ 2
= | e STAR kaons o
h - - = _6; 3D Gaussian source fi L33
Resulisfiom 200GeV |+ Source imaging was also performed 5 %.%0<k6<g.360GEV/; e,
J 7T -0.9<y<0. NEEY S
o \ Technique to obtain kaon source 0] (©) S + S22 S AL
emtoscopy | function S(r, k) directly P T et focays ON
- é i A Res. decays OFF
Modelcomparison | > Kaon source can be well described S0 TSGR Ao P :
Conclusions by Gaussian shape 10 b LI
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Kaon femtoscopy at top RHIC energy

Femtoscopy Now, higher statistics which allow more precise measurements
« Data were recorded by the STAR in 2011

Kaon femtoscopy

STAR Experiment |« One of the largest available statistics

Kaon femtoscopy

OB« Time of Flight detector improves PID and extends identification to higher
 Results from BES | momenta

([ Kaon femtoscopy |

(_attop RHICeneray J 1D & 3D femtoscopic analysis of charged kaons
mesuisiom 200cev | ¢ 1D: 5 centrality bins: 0-5%, 5-10%, 10-30%, 30-50% and 50-75%

(S emeseoy | . 3D: 4 centrality bins: 0-10%, 10-30%, 30-50% and 50-75%

p
Model comparison
.

) _ . * 4 kg bins: (0.05-0.35)GeV/c, (0.35-0.65) GeV /c, (0.65-0.95) GeV/c
| Conclusions ] and (0.95-1.25) GeV/c
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Fitting — extraction of source size

( Femtoscopy |+ Applied corrections for detector effects: kaon misidentification and momentum resolution
" Kaon femtoscopy | © Fit example: 1D correlation function & projection of 3D correlation function
- / » data (points) vs the best fit (lines)
[ STAR Experiment | * good agreement with data & | Yiong Gside < 50MeV/c Centrality 0-10%
E P (uj 1.3
Kaon femtoscopy | K*K*
\ e o 0.35<k:<0.65 GeV/c
c ~ O‘E 1ol K+*K*
k esulis from BES ) E . STAR preliminary
Ry - 0.35<ky<0.65 GeV/c
Kaon femtoscopy 1.1 A A R R P
at top RHIC energy | . . 0 0.1 0.2 0.3 0.4 0.5
- STAR preliminary | | Tou (GVIC) y
Results from 200 GeV 1_ 7 e c e s oot eesssssssSsesesseseeesoeee 3;% Qout’ qlong < 50 MeV/c U_Eg: E qout, qside < 50 MEV/C

\ J : E‘, 130 E 13;

K*K- femtoscopy 0.9

Model comparison )
. ; ) 08 Centrality 10-30%
Vs ~ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
| Conclusions ° o1 02 03 qin‘v"fGev/c)
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Results — extracted source size

( N\
Femtoscopy
. J
( \
Kaon femtoscopy
. J
( )\
STAR Experiment
N\ J
Kaon femtoscopy )
L for BES
(4 N\
Results from BES
. J
([ Kaon femtoscopy
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STAR preliminary

Riong [fM]

\'Syny = 200GeV Au+Au

K'K*

A 0-5%

A 5-10%
4 10-30%
4 30-50%
A 50-75%

KK

v 0-5%

v 5-10%
v 10-30%
7 30-50%
v 50-75%

i Rside

) ks = |P1',1+P'r,z|/2

* k; and centrality dependence of HBT radii is observed
« Source radii increase with the centrality and decrease with pair transverse momentum

3D Kaon HBT parameters

K'K* KK

A 0-10% v 0-10%
4 10-30% v 10-30%
4 30-50% 7 30-50%

A 50-75% vV 50-75%

pi+D;
Tt KT (T)
T

« 1D & 3D: Uncertainty is dominated by systematic error, which is obtained by varying
the fit range
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Results — KK radii & Blast-wave model
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Only statistical error; systematic errors are under study
Comparison of PHENIX results with these results — consistent within errors
Difference between pion and kaon parameters can indicate earlier decoupling of kaons

Blast-wave parameterization can provide additional insight into the freeze-out configuration
Simultaneous fit of kaon source radii and particle spectra (Phys. Rev., C69:034909, 2004)
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Femtoscopy with unlike-sign kaons

s p

Femioscopy | Higher statistics also allow new possibilities:

- Femtoscopy with narrow resonance Lednicky: Phys.Part.Nucl. 40 (2009) 307-352
Pratt et al.: PRC 68 (2003) 054901

Ve

Kaon femtoscopy

\ ) » Using strong final-state interaction via the resonance decay
r ) » Predicted to be sensitive to source spatial

STAR Experiment
k ) extent than measurement at low q,,,,,
k Orees J « Challenge - extension of femtoscopic formalism to higher gj,, © z: : e e

Results from BES '2 eees finile SOUCS

+ - : .
Kaon femtoscopy ) K K correlatlons . 18 — finite source + S.I.

__allopAHICeneroy. J «  Coulomb and strong final state interaction
Results from 200 GeV | ° ¢(1020) resonance

16 | (0

® Experimental Data

1.4

1.2

C . « k*=126MeV/c, I = 4.3 MeV 1

: K*K- femtoscopy: * First systematic study Z: NA49: PLB 557 (2003) 157

i Model comparison N | 0 oA cii?[Me\i?o
[ Conclusions
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Raw unlike-sign kaon correlation functions

I —
0 ) Centrality dependence k; dependence

Femtoscopy ~, 24
\ J . —}— centrality 0-5% = Centrality 30-50%
2 - STAR preliminar L 22 imi
( Kaon femtoscopy | S pre ary —t— centrality 5-10% © ' STAR preliminary —}— 0.05<k; <0.35 GeV/c
2.0p
) . - —— centrality 10-30% . —}— 0.35 <k, <0.65 GeVic
C N 1.8— * 1.8
STAR Experiment - —}— centrality 30-50% n —f— 0.65 <k; <0.95 GeV/c
L ) 16— 1.6 Ho
N :+ *: _+_ centrality 50-75% ET —+— 0.95 <k;<1.25 GeV/c
Kaon femtoscopy 140 14 *
- * Kk =
\ for BES ] 1_2:_.:* < o e uncorrected
) . - Rt uncorrected F 3 & iy
Re SUItS from BE S 1.0— _ *¥ ¥ z *.**‘*,;,.;.x.;,*.*. ‘*'*»*- § **'*t**-*e’ﬁ-*’*f*-*-*’*‘*’*—*-*’*!*-*-*-* 1.0 — 1; ; ¥¥ ****ﬂ****ﬁ;:‘*‘ : :***;*-*s*-*:*,*-*r*a*e%*-,*,*a*s,*:*,-*-*-*-
N > _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII :|||||||||||||||||||||||||||||||||||||||
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Kaon femtoscopy | q,, [Gevic] q._ [GeVic]
attop RHIC energy

Results from 200 GeV « (CFs are sensitive to the source size

| K'Kfemtoscopy | . |n particular, unlike-sign kaon CF is sensitive in the region of the resonance
Model comparison ] _ _ _ _ ]
- / * In order to compare experimental unlike-sign kaon correlation functions to theoretical
Conclusions predictions, the purity corrections were done
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Comparison of 1D unlike-sign to theoretical model

([ « Extracted radii from like-sign kaon femtoscopy are used for theoretical calculation of unlike-
sign correlation function Experimental data
for theoretical calculation

P/

Femtoscopy

e
.

C N

Kaon femtoscopy

_ « Gauss + Lednicky model of final-state interaction
STAR Experiment Lednicky: Phys.Part.Nucl. 40 (2009) 307-352

* Includes ¢(1020) resonance due to the FSI

J

Ve

Kaon femtoscopy
for BES

J 2
) . CF(py,p,) = [ d®rS(r, i) [ih, 5 (r, )|
Results from BES

Kaon femtoscopy « Gaussian parameterization of source size — source size R;,,,, iS
attop RHIC energy . . . . .
. extracted from the like-sign correlation function fit

C N

Results from 200 GeV

" J

0 j ) « The theoretical function is transformed to the experimental one via:
K*K" femtoscopy CFeP = (CFtheo — 1)1 + 1
, — in order to compare to an experimental correlation function,
| e EEhi T EE | which is corrected for impurities
a _ > - STAR preliminary
Conclusions
\ y 0 0.5 1
k; [GeV/c]
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Comparison of 1D unlike-sign to Lednicky model

Femtoscopy | Lednicky model reproduces overall structure of the observed correlation function

. J

e 3 Centrality 0-5 %
Kaon femtoscopy

: . o 20 0.05< k; <0.35GeV/cl., i 050 of 5ot 0-35< k;<0.65GeV/c|., i 0.5

B ) I —_— £ _—
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\ J 1 —+—data “H —+—data
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C ~
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Comparison of 1D unlike-sign to Lednicky model

Model under predicts the strength of the correlation functions in the region of resonance for
smaller source — it can be interpreted as a breakdown of femtoscopic formalism in region of
resonance

( ) °
Femtoscopy
" J
C )
Kaon femtoscopy
" J
C )
STAR Experiment
Kaon femtoscopy )
L for BES
s )
Results from BES
Kaon femtoscopy

attop RHIC energy

Results from 200 GeV

K*K" femtoscopy

Model comparison

Conclusions
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Conclusions

Femioscopy | Charged kaon femtoscopy for RHIC Beam Energy Scan
~ » Extraction of source radii R;,,, from 1D correlation function
“aon femioscopy |« Possibly different emitting source radii for K* and K~ for energy below 20 GeV

STAR Bxperiment | Measurement of K*K* & K~ K~ correlations in Au+Au collisions at 200 GeV
Kaonfermoscony ) Extraction of source radii Ry, Rsige @and Rjpng from 3D CF

for BES ) » Performed kaon source imaging
« Study kaon source function in Au+Au collisions at 200 GeV
Results irom BES « Source can be well described by Gaussian shape
oy © Source radii used for Blast-wave model to extract freeze-out configuration
| attop RHIC energy | » Results show difference between pion and kaon parameters

~
4

y/ \_

Hesulsiiom 200GV 1 Measurement of K* K~ correlations in Au+Au collisions at 200 GeV
PR « Strong centrality dependence in ¢(1020) region
\ S ] ok dependence in ¢(1020) region

( » Comparison of unlike-sign CF to Lednicky model
« Comparison indicates a breakdown of femtoscopic formalism in region of resonance
in peripheral collisions

~
4

4

Model comparison

|\

"

J/

Conclusions
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Thank you for your attention
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