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S(7*): particles emitting
source function

‘P(E*, 7*): Two-particle wave
function

P (p): probability of measuring the
particle with momentum p

P (P, Dp): probability of observing
particles a and b with given momenta
independently

P(Pa)P(Pp): probability of observing
particles a and b with given momenta
simultaneously

Nggme (k™): correlated
Npixea(K™): uncorrelated
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assumption): Rg
® Correlation strength: A
® Study the Final State Interaction (FSI)
® Coulomb interaction (K*-K™)
® Strong interaction (K2-K¢Q)

star marker(*) represent the pair rest frame



Motivation -

Assumptions:
® Equal-time approximation
» Pairwave function: ¥ (E*,F*, t) e 4 (E*,?*)

® (Gaussian source assumption

72
> Single particle source: s(x;,p;) = 5(@{%
72

> Pair source (radius Rg): Sz (%) = e_@/(élﬂRzG)yz

® Smoothness approximation for source function

®Sinyukov-Bowlerllapproach used for K*- K*
andtt- T CF

CF (qiny) = NI(1 = 1) +[Keort (Ginss R Pl ReBl|+ 1))

Coulomb interaction part QS part

® N: normalize factor; A: correlation strength
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Methodology

4/17

® Lednicky-Lyuboshitz (L-L)!? approach used for K2-K2 CF

QS part
CF(g) =1+ l(le[_ﬂéqiznv] +
Strong interaction part
1—lF P aRelf ()] 2Im[f (k")]
2 || T + J7R, Fi(qinpRe) — R; F,(qinvRe)

Kaon abundance asymmetry
® f(k™): scattering amplitude:
f) =3 1folk?) + fitk], f(k) = -

m,—s—iy,-k*—iylk;-

Antonellit?] 0.973 2.763 0.5283 0985 0.4038

® K?2-K? state is made up of a
combination of K°-K° (K°-K°) and
K°-K° state

® \With K2-K¢ CF, Kaon abundance
asymmetry can be extracted



Beam Energy Scan (BES) at STAR
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Fixed Target
z=2.01 m

Yellow beam

Energy /sy m

260 M
200M
120 M
120 M
110 M



STAR Detector o/17

TPC iTPC EPD

Time Projection Chamber (TPC)

® Charged particle tracking

® Momentum reconstruction

® Particle Identification

® Pseudorapidity coverage-2.0<n<0
(for fix target)

barrel Time-of-Flight (bTOF)

® Particle Identification
A\ / . ® Pseudorapidity coverage-1.5<n <0
'

I
N
1)

(for fix target)

Larger acceptanc.e . iTPC, EPD & eTOF upgrades end-cap Time-of-Flight (€TOF)
- Excellent PID with uniform | completed : T
- : : ® Particle Identification
efficiency < All are in data-taking for BES-II .
® Pseudorapidity coverage-2.2<n<-1.5
- Modest rates S program

(for fix target)
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Au+Au Collisions
3.9 GeV

10°

10°

10*

10°

m?/q? (GeV?/c?)

Au+Au Collisions
3.9 GeV

p*q (GeV/c)

® TPC (dE/dx) and TOF (B) for charged pion and

kaon particle identification
® K* PID: TPC+bTOF (+eTOF for /syn = 3.5 GeV and

above)

® 1% PID: TPC (+bTOF for high momentum track)

® K{ hadrons are reconstructed using invariant

mass method: K2 - ¥~

® K combinatorial backgrounds are

reconstructed by the rotation method



CF in statistical and experimental format:

C(k*) — :P_()ﬁar ﬁb_}) — N Nsame(k**)
:})(pa)?(pb) Nmixed(k )
Nsame (k*) Nmixed (k*)

correlated k™ distribution,
corresponding P (p,, pp) With
normalization factor

correlated
ung®rreyed

corresponding P (p, )P (1)
with normalization factor

Different

Event
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Analysis detail - Correlation Function &/17/

uncorrelated k* distribution,

—— Same Event
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Analysis detail - Purity Correction 9/17

Signal pair: K2-K

Background pair: 4+ !
K2-K2, K2-K2 § |
G351 I
9 i 9] ' N
2 3k 2o : o
G E C CD I CD
BK r
K: Signal T25¢ g : g
K(S’: Background u:“ E > | -
::_’ 2 (@} : O
1. Use the side band candidates estimate the background: X C X ' X
170 7)) 1.5 q)) I (q))
Ks o e Q@ 0, ! 0Q,
2. Calculate CF for each component: K¢-K2, K2-K¢ E |t e | o
3. Take average of left and right side band CF u=_| - ) | —
4. Estimate the contribution for each part 0.5 ¢
@ PLI rlty Of Kg: ~90% t"___'.r"‘ "T'. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
@  Pair Purity of K2-K2: ~80% obies SR
5. Extract the pure CF 0.42 0.44 0.46 0.48™8=#" 052 0.54 0.56 0.58
C(Qinv) —1= Wpair Purity [Cpure (Qinv) - 1] + (1 — Wpgir Purity)[CBKG (Qinv) - 1] MJI"’TE' (GEV/cz)
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Split track1 Merged track

Real track
Real track1 Real track2

Splitting level™"
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a) b) c) d) -0.5<SL<0.6
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o _ 2 Si
Splitting Level (SL) = T
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Analysis detail - Track Splitting and Merging ()/’

Merging effect

® Longitudinal angle
difference A8 or An

® Azimuth angle difference
Agp*

® 2D cutsforAf and Ag™ to
remove merging effect

Kaon:

|A6] > 0.02 or |Ag*| > 0.05

Pion:

|An| > 0.04 or |A¢p™| > 0.06
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® KF Particle package is used for the strange hadron for Kg ® Analysis acceptance window:

reconstruction

® 1t:1.0<y<0,0.15<p;<1.0(GeV/c)

® Good coverage from beam-rapidity to mid-rapidity for 7+, K* and K¢ ® K™:-1.0<y<0,0.4<pr<1.2(GeVl)

® K':-1.0<y<0,0.2<p;<1.8(GeV/c)
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Correlation Function
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Results - Correlation Functions
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® Particle emitting source parameters (R, A) and abundance asymmetry (€) can be extracted
® For Kg L-L model fitting, four difference scattering amplitude parameters!’-2:34 compared, and consistent with each other
® UrQMD + CRAB calculation reproduce the results
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STAR Prelin;inary ]

Au + Au Collisions

® Measured CF

I uramD + CRAB
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Results - Correlation Functions
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® Charged kaon consistent with neutral kaon after subtracting the Coulomb effect
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Results - R; and A 14/17
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Source size of kaons don’t follow m—-
scaling of pions’

Kaon source size smaller than pions’
trend

Implying no equilibrium amongst pions
and kaons at high baryon density region
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® First measurement of abundance asymmetry of neutral kaon
in heavy ion collision

® The kaon abundance asymmetry decreases as the collision
energy increases at high baryon density region, UrQMD
modelyield calculations are consistent with data trend

1.

2.

Associate production dominates at high baryon density
region

Pair production becomes more important at higher
collision energies



Summary 17/]

1) First systematic measurements of kaon correlation functions in Au+Au
collisions at high baryon density with STAR detector;

2) Source parameters (source size R and correlation strength A) are extracted
for both charged- and neutral-kaons and they are consistent within
uncertainties;

3) Within the energy range 1/syy = 3.0 - 4.5 GeV:

(i) No clearenergy dependence was observed in R, while the Kg
abundance asymmetry parameter € is close to unity at the lower FXT
energies and is decreasing as a function of the collision energy;

(i) Kaons’source parameter R do not follow the mr-scaling determined
from pions’, implying no equilibrium between kaons and pions in the high
baryon density medium.

Thanks for your attention !/
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Analysis detail - Systematics 19/17

0 0 ° ° °
Kg — Kg CF systematic source K* — K* CF systematic source n" — " CF systematic source
1. Track quality: NHitsFit 1. Track quality: NHitsFit, DCA 1. Track quality: NHitsFit, DCA
2. Kg Reconstruction: X,0, XNor» Xprimary: 2. PID: TOF mass square, nog 2. Track splitting & merging: splitting level,
mass window 3. Track splitting & merging: splitting level, |Ag*|, |AB]
3. Momentum resolution effect (embedding) |Ag™|, |AB] Barlow check!to reduce the statistical
4. CF calculation: Side band region, 4. Momentum resolution effect (embedding) fluctuation
background estimate method, fitting range, 5. CF calculation: Fitting range
normalize range Barlow check[to reduce the statistical
Barlow check!'l to reduce the statistical fluctuation
fluctuation
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