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Femtoscopy

Final State Pa

Interaction -
/ _ Hadronization N :

J 1/

» Two-particle correlation function:

Model Experimental
C(k)= [S@)|P(K:,T)2d3r = IC’scfme((l;c *)) Depends on ...
mixed » Emission source
S(7): Source function . .
w(k*, 7): Pair wave function » Strong interaction
k* = 2 [Pa - s, relative momentum » Coulomb interaction

T : relative distance
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Femtoscopy

t Final State Pa
A | Interaction -
2 ) X wv 'J
L Hadronization e :
> J O
/ — Time
» Two-particle correlation function: C 0
. T 2< w  Weakly Attractive
Model Experimental ®)
-t St i N (k*) 151 — Moderately Attractive
C(k*) - f S(T) | lI’(k*, ?) |Zd3r -— Lt . - ( Shallow Bound)
Nmixed (k") N S~
S (rl: Source function - Strongly Attractive
Y(k*,7): Pair wave function 05| — (Deep Bound ) or
k* = %|f)’a - Pp|, relative momentum £ Repulsive
1 : relative distance 0 0 I (GeV /Cf;ﬁ

R. Lednicky, et al. Sov.J.Nucl.Phys.35(1982)770
L. Michael, et al. Ann.Rev.Nucl.Part.Sci. 55 (2005) 357-402
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Lednicky-Lyuboshitz Model

CF(k?) = [ d*rS(r)[p(r, )| = 1 oemele)

mixed (k*)

» Formalism with Lednicky-Lyuboshitz (L.-L) model:
O Only consider s-wave

O Effective range expansion for Y (r*, k™)

O Static and spherical Gaussian source assumed
R. Lednicky and V. L. Lyuboshitz, Sov. J. Nucl. Phys. 35, 770 (1982)

S T — » — S e ——
ion: > Physics quantity:
> Wave fllnct.l(ZI*l. e L-L Fitting by ’ y q y
O Y@ kD=e 7 + f(k*) —~ Bayesian method

O fo: Scattering Length

» Scattering amplitude: _ O d,: Effective Range

O fk)= [fi +3dok*? — ik*]™* (No Coulomb )
0

O f(k*) = [fl +2dok*? —=h(n) — ik*A,(1)]~*( Include Coulomb )
0 (o

a.:Bohrradius 7 = (k*a,)™?! fo > 0: Attractive Interaction

A¢, h: Coulomb interaction factor fo < 0: Repulsive Interaction or Bound State

O R;: Spherical Gaussian Source Size

Bayesian method: Attps.//github.com/chunshen1987/bayesian_analysis
Mdntysaari, H., et al., Phys. Lett. B 833 (2022) 137348
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Motivation

* Formation mechanism of light nuclei are under debate
> Coalescence : final-state interaction

» Thermal : produced directly from fireball
p-d, d-d pair

D

D

Coalescence Direct production

J.Cleymans et al, Phys.Rev.C 74, 034903 (2006)

K. Blum et al, Phys.Rev.C 99, 04491 (2019)

St. Mrowczynski and P. Ston, Acta Physica Polonica B 51, 1739 (2020)
St. Mrowczynski and P. Ston, Physical Review C 104, 024909 (2021)

I ——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————"
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Motivation

Hypertriton (iH) Hyperhydrogen-4 (1H) Hyperhelium-4 (}He)

* Light nuclei - A correlation : insights to hyper-nuclei °
structure and properties

d-A, t-A, 3He-A pair \-/ \/

J.Cleymans et al, Phys.Rev.C 74, 034903 (2006)

K. Blum et al, Phys.Rev.C 99, 04491 (2019)

St. Mrowczynski and P. Ston, Acta Physica Polonica B 51, 1739 (2020)
St. Mrowczynski and P. Ston, Physical Review C 104, 024909 (2021)
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Motivation

Dibaryon

Particle Mass Quark com- Decay mode
(MeV) position
Jo 980 qqss T
ag 980 qqss ™
. . K(1460) 1460 qq4qs Knrm
* (Strange) Dibaryons have never been found experimentally AG405) 1405  qqasd -
. . ©7(1530) 1530 qqqqs KN
» The possible formation channels: H 2945 wddss  AA
o . —— NQ 2573 qqqgsss A=
( |S|_2 )learyon < p-= == 2627 qqssss )
( |S|=2 )Dibaryon o A-A Q0 3228 SSSSSS AK +AK~

S|=3 )Dibaryon & p-Q~ -
(IS=3) Y Y% More experimental measurements are needed !
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RHIC-STAR Experiment

LINAC NSRL .

‘f\eens;,,f, AP

W=
BOOSTER

=>» Excellent particle identification

=» Large, uniform acceptance at Mid-rapidity

2025/10/16
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Relativistic Heavy lon Collider (RHIC)
Brookhaven National Laboratory, Upton

=> pt+p, AutAu, Zr+Zr, Ru+Ru, d+Au...
=>» Beam Energy Scan Program I, I (Au+Au)
S5 =3.0 =200 GeV




Analysis Details

. x10° .
L1001 |sobar e g
» Dataset: s o o meceve| 3
[To] L 0 =0.0013 v’_
P i pT:[O.G, 3.0] GeV/c Purity = 0.98 Q
Isobar collisions (Ru+Ru, Zr+Zr) @ 200 GeV 8 so-W<o7
~ 3.9 billion minimum-bias events S |
° 111 112
. . pr Invariant Mass (GeV/c?)
AutAu collisions @ 200 GeV (runll, runl4, runl6) -
~ 2.5 billion minimum-bias events 1 A |
2] - o0 =0.0017 [
S | —Totalfit o e
Au+Au collisions @ 3 GeV (run21) & af s
~ 2 billion minimum-bias events S 2or
. . . . . =733 E% i ol 4 0 1 '
» Hyperon reconstruction via Helix-swimming and Ax’ Invariant Mass (GeV/c?) Particle rapidity
KFParticle method o [ s
s | oo 3
A->p+n~, BR=63.9% = oz :::?'fﬂ o ST
s ' Purity = 0.67 e s 10’
—— —_ 2 | ~"x30 L
m =D A + 1T ) BR — 999% 2 0.1 . r g
3 i | B 10
Q" ->A+K,BR=67.8% R A A Sy i ,
1.66 1.67 1.68 1.69 -1 0 1
AK’ Invariant Mass (GeV/c?) Particle rapidity
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C, o(k")

Cyq(k™)

p-d, d-d Correlation Function

I.  First measurements of p-d/d-d

1
l
I
1

T ] Sy =3 u+Au CO||ISIOS correlation functions in HIC

1l & 4 O CFs show depletion in low k* ->

—

—

-0.5<y<0 (I ¢ —L-LFit
p:0.4<p <20GeVic| |'f
d:06< P, < 3.0 GeV/c+- i

SRR o mainly due to the Coulomb

T P iii Dir. deuteron + CRAB
4/ Coal. deuteron + CRAB

repulsive interaction
II. Simulated with SMASH model,

consider two deuteron formation

- = Coulomb only

A ' A 'S .l 'S A A s il A 1
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150

mechanism:

"" O Direct production fail to describe
data at certain k*
O Coalescence production can

‘  40-60% describe the data well
50 100 150 200

10-20% f 20-40%
700 150 200 0 50 100 150 200 0

_ O Coalescence is the dominant
Relative Momentum k* (MeV/c)

process for deuteron formation in

high-energy nuclear collisions
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d-A, t-A, 3He-A Correlation Function

Hypertriton (iH) Hyperhydrogen-4 ({H) Hyperhelium-4 (}He)

2025 New Result
ANCAN

2 SEAR AusAR CollSlons | ey - '"“" STAR Au+Au Collisions oA STAR Preliminary
[ VSnn =3 GeV (Run 21) d:06<p,<3 GeVic | e Data - {s\w=3GeV Run2l) | oigea
r STAR Preliminary I [ 1.2~ N -
201 B A:0.5<p <2 GeV/c + - 3
[ [ T . i
— g g K At anats i B +1- 200 eseseseteny
* I @ I > ¢ i *
[ . © .
é L L + s 0.8l + i -1<y<0
SARPPR o " a T4 R ;
10 e + t’He: 0.6<p_<3 GeVic
iie : - m :+++ N i
0-10% | e 10-20% | 20-60% 06 + - $05<p <2 GeVie
5 e - & - - L I Centrality: 0-60%
- - . = . . . I
L :._ L _0_. L 0_.9 04 Statistical uncertainty only + N.R.: 200-400 MeVic
O_l..l...l...l...l...I.l;||||| Lovalasl L, L | | l Lol -
0 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100 - | | | | | - | | | | |
0.2 11 1 11 1 1 11 1 1 11 1 1 11 11 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
K* (MeV/c 50 100 150 200 250 50 100 150 200 250
( ) k* (MeV/c)

I. Precise measurements of d-A correlation functions in Au+Au collisions
O CFs show enhancement at low k* -> mainly due to the strong interaction
II. First t-A and 3He-A correlation function measurements in the heavy-ion collisions
O t-A and 3He-A exhibit similar correlation structures and show depletion at low k* -> mainly
due to the strong interaction
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Contamination from Hyper-nuclei Decay

-

fakeA “'"\fakeA

o A
S )
@ 5 iH->dbpr o\ >

; B ‘ B Reconstruct A
L + +T B pv from f\H decay
EP] Web Conf. 296 (2024) 14010 db t _

Arb. Unit

d

=t ) Reconslguct/\ g | CF simulation from iH->d-(pn'), 10-20% I
5 &« pr from (H decay + 4 — L
g 8- AH - > t + p + T . + -
i ] i [
6/ 4 3 =
= He —>-"He+p+=x !
T [ A | | n
51 41— 3 - -
% I ® (H->d-(pr) i . 2 i+ o L
i = TELLL * Emmm
i [ e L
. ; " 2
% L '0'." T TN N T N N AN N MR
N - SR . ol 00000000000 1.105 1.1 1115 1.12 1.125
& 1 Feas vos odg s lsmesa pas | Mass (GeV/c)
1.11 1.12 113 2 2 ! (Mavfc‘; 80 109

Mass(GeV/c?)

I. The ;H, yH and fHe decayed p + ™ are not experimentally distinguishable with the reconstructed A
II. For d-A, since we cannot separate them experimentally, we need to estimate their contribution and remove it from the CF

III. For t-A and 3He-A, we can experimentally remove the contribution by selecting the right side of the A invariant mass peak
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d-A Interaction Parameters

2025 New Result
. STAR Au+Au Collisions \lsNN 3 GeV (Run 21) _ Radus(m) 118 83 68 59 53
' i | B ¥ oy . © STAR
: | B st Fi & \l ) = ;G E O Estimated from
s, s e L - . = ° : d-A Correlation
E &  STAR Preliminary | \ Yol , Run 21
o 6 : ; e : < ; STAR Preltmmary
: > ; - [ . S AL L PP OT PP PP
qé’ ; e J{ | This study |  +@—+— World average
& o ; T ALICE 2023 _
o : ;o \)!E g = o STAR 2020
= 4L : L Y }f,-' ] ' - NPB52 1973
2 | o & A | o PRD1 1970 =
i 3 s | L | NPB B NPB1 1967
- | . . j , ____ M S A——
5 —— | 02 01 0 01 02 03 04 05
-40 30 20 10 0 10 20 30 A-separation Energy of RH (MeV)

Scattering Length f; (fm)

O Extract the most accurate results of binding

O Successfully separate two spin components energy and radius of IB;H

in d-A pair
BE 3, = ; (1— [1+ % )2
fo(D) = —25.3%33 fm -> Related to ;H AT omg_ d2 -

fo(Q) = 17.511% fm -> Attractive interaction BE = 0.06799 (MeV)
r(3H) = 1672 (fm)
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p-A Correlation Function ( [S|=1)

3 | STAR Preliminary = STAR Preliminary  STAR Preliminary
| Au+Au Vsyy = 3 GeV Au+AuNsyy =3 GeV |4 Au+Au Vs = 3 GeV
2.5 A | |
P00ty < O # @ L-L fit (spin-avg)
. p: 0.5<pr<2(GeV/c) | 2, 4f = 121/169
2 2 + A: 05<pyr<2(GeVic) @ X B b o
O ¢ @
250 A 2 0-10% ® 10-20% o 20-60%
o ® e
| prmrmrnen S 998600666666 - %0 B8ORS RF----------- Yoe. S0P
| |
0 50 100 150 O 50 100 150 O 50 100 150
k* (MeV/c) k* (MeV/c) k* (MeV/c)
I. Measure p-A CFs at \/syy = 3 GeV in Aut+Au collisions
O CFs show enhancement at low k* -> mainly due to the attractive strong interaction
II. Simultaneously fit with L-L function for different centralities to extract R, fo and d
III. Extracted spin averaged scattering length f, and effective range d, :
fo=2.322912 fm (stat.+sys.) do=3.5777 fm (stat.+sys.)
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A-A Correlation Function ( |[S| =2)

2025 New Result
;;1 5 I.  A-A correlation function shows suppression at small k*
S 3 GeV Au+Au Collisions (run21), 0-60%

STAR Preliminary I. Compared with UrQMD + potential, 1t is found that
the simulation with smaller positive fj 1s in better
agreement with data

O Hints an weakly attractive interaction in A-A pairs

II. Need more precise data to confirm

O High statistics Isobar and Au+Au collisions

—e— A-A pairs

Potential fo (fm) dy (fm) Chi2/NDF
UrQMD+NSC97a (fO =0.33 fm)
NSC97a[1] 0.33 12.37 1.53
UrQMD+NF50 (f = 0.77 fm)
0 NF50[2] 0.77 4.27 1.61
me= UrQMD+ND52 (f = -23.96 fm)
0.5 0 ND52[3] -23.96 2.59 2.24
' UrQMD+ND50 (f = 10.63 fm)
| | | 0 | | ND50[3] 10.63 2.04 4.02
0 100 200 300 400
k* (MeV/c)
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p-Z~ Correlation Function ( |S|=2)

10

5_

I 200 GeV Ru+Ru Collisions |

I\
l 0-10%

F
3 10-40%
-~

10 F

5_

I 200 GeV Zr+Zr Collisions

My
_L 0-10%

- = — L-L Fit(Coul+Sl)
F A L\
FOW 10-40% TR 40-80%

Correlation Function C(k*)

I 200 GeV Au+Au Collisions |

k 10-40%

100

150 0 50 100 150 0
Relative Momentum k* (MeV/c)

p-E correlation

STAR Preliminary

Zr+Zr® Ru+Ru® Au+Au, 200 GeV

Zr+Zr, 200 GeV

Ru+Ru, 200 GeV

Au+Au, 200 GeV

STAR Preliminary
HALQCD

v
e pE @ PE pairs I
|

——
|
|
|
|
|
|
|
|
|
|
UrQMD + HAL QCD J
= = Coulomb only ® |
|
|
40-80% 1
. . . A
50 100 150 0.5

1
Scattering Length fo (fm)

1.5

I.  Measure p-2~ @ p-Z% CFs at \/syy = 200 GeV in Au+Au and Isobar collisions

O CFs show enhancement at low k* -> mainly due to the attractive Coulomb interaction

II. Simultaneously fit with L-L function for different centralities in each collision system to extract
R, fo and dy by Bayesian method

III. Extracted spin averaged scattering length: fo=0.7%0-1 fm (stat.+sys.)

2025/10/16
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p-{Q~ Correlation Function ( [S|=3)

2025 New Result \/ SyN = 200 GeV Isobar Collisions

,\. . .

1.2} .. 4 1.1} ‘\\.~ 1 I
\—+— ~— . S e o 1.1E+
S IN

= 1_ ........... e = . — - — e —_— e —_— e s = . — L
T . B PR I
s ' - 4 09} i ok

T .T:__-+._: =7

$| .

X \ 0.6} _+_ ‘ $ \ >
X oL 20 40 60 80 =t 60 80 100 120 —iH \£ 60 80 100 120 140 -
@) i STAR Preliizz;nary ‘% HAL QCD | ‘_$ LL Fit |
. T p-Q +P-Q pairs — - Coulomb only
IS 2 e B - et B e oo
=2 0-10% | | | I1 0-30°/cl> | | | I30-80°/<I>
(I) 5IO 1(I)O 1éO 2(I)O 0 50 100 150 200 O 50 100 150 200
Relative Momentum k* (MeV/c)
I. Precise measurements of p-Q~ @ p-QF correlation functions in Isobar collisions
O CFs show enhancement at low k* => mainly due to Coulomb attraction interaction
O CFsshow depletion at k* ~ 30-100 MeV/c => mainly due to the strong interaction
II. Simultaneously fit with L-L function for 3 centralities to extract R, f, and d, by Bayesian method
III. CFs obtained by HAL QCD theory with extracted Rg by L-L model is consistent with the data
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p-Q~ CF Ratio ( [S|=3)

2025 New Result
| 1 1 1 1 1 1 1 1 1
25 \syy =200 GeV  Ratio: L0505 Ratio: 30-80% I. By taking CF ratio, Coulomb effect can
Isobar Collisions 4 STAR Preliminary be largely Canceled
L2 T Potential V,
el - p-Q +p-Q pai g
2 P e pEpars e Potential V, .
CCCU 15 Coulombonly II. CF Ratio shows enhancement at low k*
N1 == Potential V,,
@% ¢$ & and depletion around k* ~ 100 MeV/c
1 . | — = = .. SN — = . -
As O Due to the presence of shallow
1 1

1 1 1 1 1 1 1 1
0 50 100 150 2000 50 100 150 200 bound state
Relative Momentum k* (MeV/c)

Type fo (fm) do (fm) BE(MeV)  x*/ndf  p-value I1I. The potential Vy;, with a p-value of
Vil 112 1.16 - 48.2/29 0.014 No Bound . L

il 0.812, provides a better description of
Vi l2] 338 131 2.15 22.2/29 0.812  Shallow Bound
Vig (11 <129 0.65 26.9 58.7/29 0.001  Deeply Bound the data
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p-Q~ Interaction Parameters ( [S|=3)

Effective Range d, (fm)

2025 New Result
(@) sy =200 Gev Isobar Collisions (b) STAR preliminary | 1.  First experimental constraints in heavy-ion collisions
: -Q®p- O pai ] . : : ) _ .
4 P i —@—— | Spinaverage of strong interaction parameters in p-Q~ pair
@ @ BestFit
3 —-- 1o T )
B f s - Quinjet state(.=2) II. Extracted negative f, ( |fy| > 2d,) by Spin average
21 e ‘ method and Quintet method
r s YV | HALQCD(=2)
/ J I \V4 Phys. Lett. B 792, 284 (2019)
1 [ =17 ] . . . .
l? [/ QDCSMU=2) & O First experimental evidence of Strange Dibaryon
s arAiv: . \
0 ) . o L . ) ) ) ) )
8 7 6 5 4 3 0 1 2 3 4 5 6 . :
Scattering Length f, (fm) Binding Energy (MeV) III. Calculate Binding Energy (BE) via Betha formula:
Reduced mass: my,q = :p::
Spin ave. Quintet HAL QCD prTQ

fo(fm) | —4.9%05 | —4.3%04 3.4 BE,q = 1 _(1- /1 42 2

d, (fm) 2.3+04 1.5+05 1.3 2myqadg fo

O Calculated BE are consistent with HAL QCD
prediction

BE (MeV) 1.5%3% 1.673% 2.3
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Strong Interaction Parameters

2025 New Result
/E\ [ e : L ] /é\ ' ' | ' ' ' T ' ' ' | . .' '
= \Syny =200 GeV Isobar & Au+Au Collisions “::5 . \Syny =200 GeV Isobar & Au+Au Collisions
T 201 — B ]
o STAR Preliminary % STAR Preliminary
5 | | o[ '
C 151 . 7] 8 4
q>) [1] = e P —
B S, | st W T
2 10 . - R 1
L

I

I

I

I

I

I

I

I

I

I

I

I

I

e TS

ool e

l Y —— : |

T g e e Y =, Au+Au
S | o . e [ ADPE,

[} | < es® +

I

I

I

I

I

I

|

|

|

L % { , N Y @ p-=Z, Ru+Ru
O B Q~I ( m=3GeVAu+Au Collisions ) | 1 | [} p_E', Zr+Zr |
L i v p-Q, Ru+Ru & Zr+Zr
) ) ) | ) ) ) | ) ) ) ) ) ) | ) C ) ) | ) ) ) | ) ) ) | ]
-6 -4 -2 0 2 4 6 8

Scattering Length f_(fm) Charged Particle Rapidity Density (chhldn)”3

O Extracted positive f, in p-A and p-Z~ pair => Weakly o . .
O Extracted source size in p-Z~, p-{)~ pairs show a linear
attractive interaction

distribution ( Centrality denpendence REE™7% >

O Extracted negative f, in p-0~ pair => Support the
Rperipheral )
formation of bound state G
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Summary

» Femtoscopy measurements from HIC provides a unique tool to
explore strong interaction and search the possible Strange
Dibaryon

I. p-d, d-d Correlation

e Coalescence is the dominant process for deuteron formation

in the high-energy collisions

d—A, t-A, 3He-A Correlation

Most accurate results of binding energy and radius of ;H

IL.

* Provide a new way to explore hypernuclei properties
III. p-A, p-Z7, p-Q)~ Correlation
» Extracted positive fy in p-A and p-Z~ pair hints weakly
attractive strong interaction
Extracted Binding Energy BE = 1.67}2 MeV in p-Q~ @
p-Q* pair consistent with HAL QCD prediction

First experiment evidence of Strange-Dibaryon in p-Q~ channel!

w

Effective Range d; (fm)

o

N

\V]

—_
T

(@ NN =200 GeV Isobar Collisions (b) STAR Preliminary
- - "+ .
p-Q @ p- Q pairs —@——— | Spin average
@ @ BestFit
o ;g S —@——— Quintet state(J=2)
30 —+7/ it I
P /;'7
y y, W | HALQCD(J=2)
/ J 14 Phys. Lett. B 792, 284 (2019)
f =1 7/ V
¢ /A
¢ il QDCSM(J=2)
I /i arXiy: 2408.15493v1
; . L Z ; ; ; : ; ; ; ;
-8 -7 -6 -5 -4 -3 0 1 2 3 4 5 6

Scattering Length f, (fm)

Binding Energy (MeV)

Radius (fm) ] 118 83 6.8 5.9 5.3
ey 1o . ~STAR
= 2 ‘i Estimated from
) ° ' d-A Correlation
g - Run 21
< - STAR Preliminary
= } { i..o BNV %o s 0ss5isaaansassaisssssassssisasssssssaissassasss
This study H@—— World average
ALICE 2023
i B —__ STAR 2020
i NPB52 1973
—, PRD1 1970: —a—
NPB4!
451%— _ NPB1 1967
1 1 | 1 ! 1 lu 1
-0.2 -01 0 0.1 0.2 0.3 0.4 0.5
A-separation Energy of 3H (MeV)
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Thank you for your
attention!
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C(k*)

Ck*)

N w »
o L IR LI LN

-

IIIIIIIIIIIIIIII LU} I

|87 ALICE data
- Coulomb
Coulomb + p—=~ HAL QCD
[ Coulomb + p-©~ HAL QCD elastic
I coulomb + p-Q~ HAL QCD elastic + inelastic

N —
=
D

p-Q°

=N NN EEENE NN NN RN =

1 .IIIIIIIIIIIIIIIIIIIIIIIIIII

(o]

k* (MeV/c)

ALICE, Nature588 (‘20)232
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o
o

Backup-Motivation

o 2 T T LI LI I L AL T o 2r 5T 1 T &t o &1
< r ALICE p-Pb |5 =5.02 TeV < r ALICE pp Vs = 13 TeV .
O 18F o — O 18 o —
r [B] A-A ® A-A pairs - @ A-A © A-A pairs ]
£ S S — ND46 -+ NF44 . 16 \ 1 e ND46 -+ NF44 -
14 E —Ehime — ESCO8 3 0 E — Ehime —— ESC08 ]
E == HKMYY == Quantum statistics E . C ~— HKMYY == Quantum statistics
121~ 7 1.2F -
! 3 et TR — & -e-_: IIIIIIIIIIIIIIIIIII
0.8F e T i o i
0.4 u T L — - A | ] -
0 50 100 150 . 200 50 100 150 200
k (MeV/C) ) k* (MeV/C)
ALICE, PLB797(°19)134822
9 1
% 0-40% ' 40-80%
Model:R, =R, =5 ! Model:R, = R, = 2.5
1.5r 0delR, = Ha M 0d€He = o mr Au+Au |s,, =200 GeV |
A PQ+PQ
O PQ+PQ (PP)
® PQ+PQ (PP+SC)
1 -V,
===V, :
e _— ——— LL w/o residual
" —— LL with residual
0.6 i
@ ";. | | | |
0.5- T — 0 0.1 02 03 A 4 Bs
| | | | ’—O Q(GeVic)
0 0.1 0.2 0 0.1 0.2 r =" ¢
@ (GeViE STAR, PRL114(15)022301

STAR, PLB790 ('19) 490

More Experiment measurements are needed !
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Backup- p-{1~ Bound?
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— ; B
* Large source 3 0-40% | aoos K* (GeV/c)

Model:R, =R, =5 fm_| Model:R, =R, = 2.5 fm|_

Au+Au s, =200 GeV |

A PQ+PQ
O Pa+Pq (PP)

« mmerso | | Source size or centrality dep.
ST _ Of CF

— To be bound,
or not to be bound

A 0.5 1
| | |
0 0.1 0.2 0 0.1 0.2

k* (GeVi/c)

2025/10/16 PHD 2025 -- Kehao Zhang -- CCNU 25



Backup-Bayesian Method

1% Ste 349 Ste :
Sample Input P Technique
Ry = [Rimin, Rimax] | L + Latin Hypercube MCMC Gaussian Processes + Resampling
Sampling Study Markov Chain + Regression
R; = [Rymins Romax] samples Monte Carlo J ‘
R3 = [Ramin, Ramax] Cheerf"l - Nteps~S500
Qw/@ So-so z] ‘ Nwaikers~400
) N ~500
fo = [ fomin, fomax | ho burnsteps ™S
Sad o - |
dO = [ dOmln' dOmax] 0.7 i 100 200 300 400 500
nd
207 Step Data Input Results
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Analxsis Details

Model Experimental
— 3t - N k"
C(k*) - fs(r)lql(k*;?)lzdgr = zame( *) Residual:
N mixed(k ) C s
Background < L
Sideband:
Csideband
Detector effects:
Raw CF ]-’ 1. Track merging / splitting =
2. Momentum smearing ] '
pairpuritysignal

A ----------

PAITPUTILYsideband : Systematic :
it
Impurity < : study :
FRSae-clown:E| 3 "ERESERASRES
Agenuine ----- i .....
1 1
Aresidual : L-L Fitting ,
] 1
*
Craw =1+ Apairpuritys,-gna,* [Agenuine* ( -1) + Z)‘residual ” (Cresidual - 1)+ Apairpuritysideband (Csidebana’ -1)
i
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