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2. HBT OR FEMTOSCOPY IN HIGH ENERGY PHYSICS

* R.Hanbury Brown, R. Q. Twiss - observing Sirius with radio telescopes

* Intensity correlations vs detector distance = source size

* Measure the sizes of apparently point-like sources!

* Goldhaber et al: applicable in high energy physics

* Understanding: Glauber, Fano, Baym, ...
Phys. Rev. Lett. 10, 84; Rev. Mod. Phys. 78 1267, ...

* Momentum correlation C(q) related to source S(r)

Clqg) =1+ |fS(‘r)eiq’”dr|2
(under some assumptions)
* Also with distance distribution D (7):
C(q) =1+ [D(r)e'dr | /R

* Neglected: pair reconstruction, final state interactions,
multi-particle correlations, coherence, ...

[ (R A N O O I

Correlation strength

Detector distance

source function S(r) correlation funct. C(q)

* What is the source shape? Can be explored via femtoscopy
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3., LEVY DISTRIBUTIONS IN HEAVY ION PHYSICS

| Source function from HR model, 0-20%, 0.20-0.36GeV | = 1 03

* Central limit theorem, diffusion, and
thermodynamics lead to Gaussians

= w

= F —— Core-Core 52 10°
2 ——Total source 04
e PHENIX, PRL98 10

— Gaussian fit 1

107

3 — Lévyfit,
* Measurements suggest phenomena i @ =133 10"
. . . . i _2
beyond Gaussian distribution , 18_3
10—
, . : 107
* Levy-stable distribution: : e
1 ; 1 a 3 e
—=|agR 10
L(a,R;1) = 2—j dBCIelqre A 103 hep-ph/0702032 1077
] n 8 9 10 20 30 S 0 5
* From generalized central limit theorem 107
. —1- @ 2l
* Power-law tail ~r=7% e F

* Special cases: a = 2 Gaussian,a = | Cauchy

* Shape of the correlation functions with Lévy source:
e Cy(q) =1+ 21-e7 19" ¢ = 2: Gaussian; a = 1: exponential

Csérgs, Hegyi, Zaic, EurPhys). C36 (2004) 67-78 A N
* Lévy source seen & exponent measured from SPS through RHIC to LHC s N A
NA6| [EP|C83(2023)919], PHENIX [PRC97(2018)06491 1, PRC(2024)], CMS [PRC109(2024)024914] I Y S <
Q [GeV/c]

2 2474/ LEVYEWALL IR RN


https://inspirehep.net/literature/2630797
https://inspirehep.net/literature/1624209
https://inspirehep.net/literature/2806798
https://inspirehep.net/literature/2670243
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4, WHY DO LEVY SHAPES APPEAR,WHY IS IT IMPORTANT?

* A more comprehensive list of possible reasons:

* Jet fragmentation (Csorgo, Hegyi, Novak, Zajc, Acta Phys.Polon. B36 (2005) 329-337) /l /N
* See also Caucal, Mehtar-Tani, JHEP 09 (2022) 023
* Important in e*e™, see L3 Collaboration, Eur.Phys.).C 71 (2011) 164

* Directional or event averaging (Cimerman et al., Phys.Part.Nucl. 51 (2020) 282)

* Ruled out by event-by-event and 3D analyses
» Lévy walk (BJP37(2007); PRBI03(2021), Entropy24(2022); PLB847(2023); arXiv:2409.10373)

* Only plausible explanation at high energies and large systems

* Importance of utilizing Lévy sources, leaving a as parameter: 1(3)03
: 5
* Measuring a and R: quark-hadron transition, critical point, etc g
2
* Measuring A: In-medium mass modification, coherent pion production . «©

A COLLID
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5., SOURCE SIZE MEASURE CHANGEWITH «

* No tail if @ = 2, power law and RMS = « if ¢ < 2: depends on cutoff

......
b

What do Gaussian HBT radii mean? Important also w.r.t. CEP search  ©'¢
- Lévy,R =7 fm,a = 1.3
10°E Gauss, R, = 3.6 fm (same HWHM)

* Alternative measures (see arXiv:2401.01249 for details) o oSS, R =58 fm (same HWH)
* HWHM: (half) width at half maximum m?;
* HWHI: (half) width at half integral 5
* Width (normalized by R) nontrivially depends on « EX0) R 10

—— 3D Lévy/Gauss, same HWHM
—— 3D Lévy/Gauss, same HWHI

Relations for 3D Gauss: HWHM =~ 1.17 - R;, HWHI = 1.54 - R,

For (e.g.) Levy a = 1.3: HWHM = 0.61 - R;,HWHI = 1.27 - R,

Thus (e.g.) a = 1.3 and R, = 7 fm “means”: /
RGauss = Risvy/1.94 1.5

* Same HWHM Gaussian: R; ~ 3.61 fm < Gauss ~ Rigvy/
Rgauss = RLévy/l-Z1

e Same HWHI Gaussian: R; = 5.77 fm <« 1.0

_
7

1.0 12 1.4
o

/% COLLID



https://arxiv.org/abs/2401.01249
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6., LEVY PROCESSES IN NATURE AND IN SCATTERING

Levy walk and Levy flight: known in ecology, climatology, etc. E.|. Kiselev. Phys. Rev. B 103.235116 (2021)

* If step size distribution has no finite width:

generalized central limit theorem, Lévy-stable limiting distributions y .

In HIC: increasing mean free path, step size increases

* Seen in expansion under Coulomb potential in solid-state physics

log p(Ar)

Observed in UrQMD [arXiv:2409.10373]

* Scatterings, decays, coalescence (no Coulomb scattering)

-
Ykt e
il

—9.0—85—80—75—7.0—6.5—6.0 5.5 —=5.0

log Ar
;gg ol Figure 1. The Figure shows the step size distribution p (Ar)
. b 5 of a random walk as performed by Coulomb interacting, dif-
400 ¥ 20 fusing particles in two dimensions. At large step sizes, the
=y 2322 < distribution clearly follows the p ~ Ar~? power-law which
= % 100 leads to the superdiffusive dynamics described by Eq. ||
2 2 0

The data was obtained by integrating the system of coupled
Langevin equations of [q. Il

10 15 20 25 <)
. (fm)



https://arxiv.org/abs/2409.10373
https://inspirehep.net/literature/1845207

M. Csanad for STAR, BES-Il Workshop 2024 Dec 4,2024

@

7., LEVY SHAPES IN SINGLE EPOS EVENTS, ID

* EPOS model: parton-based Gribov-Regge theory (PBGRT)
* Werner et al., PRC82 (2010) 044904, PRC89 (2014) 064903, ...

arXiv:2201.07962
\' 10-20% Au+Au

: # m = 200 GeV
1

* Source observed in four stages:
(b)
a) CORE, primordial pions: close to Gaussian
1077 CORE e
primordialt+decay pions WVV
R = (4.89 + 0.04) fm R
=177 +0.02 N,
+2/NDF = 86/70 {
lcmcinfilev‘ =17.1% . conf.lev. = 9‘1°/T | ﬁ'
ol L1 L R A

nnttr, | <1
b+, ky =0.28-0.32 GeV/c

+ D(rLCMS)

 Radii in the four stages (one example event) )
Levy distr.(c,2 “Rir )

— 4.89 fm = 7.36 fm = 7.45 fm
* Shape () change: - 1.77 - 1.55 - 1.46

|

(d)

CORE+CORONA+UrQMD
primordialtdecay pions
R = (7.45 £ 0.08) fm

‘CORE+CORONA+UrQMD
primordial pions
R = (7.36 + 0.09) fm

* Scattering stage needed for Lévy shaped sources

.o -9 =1.55 +0.02 = 1.46 + 0.02 Y.
* Can one relate the observed HBT radii 1078l 2NDF = 104188 (1 e
10 "OHl| conf.lev. = 11.5% 4| conf.lev. = 0.4% m
I"Illlllllllll H ”Il Lol 1 1

EPOS3 example single event
LR T A
ST f
10°° (a)
10°° :
b) CORE, with decay products: power-law structures CORE |
-g[] { primordial pions I
c) CORE+CORONA+UrQMD, primordial pions: Lévy shape 129 (F:; f{-fé?io%fi?)fm -.:‘
d) | CORE+CORONA+UrQMD, with decay products: Lévy shape  * 100 tontiev e 17.1% || ;i
1

: ? b |
to the hydro phase homogeneity lengths! 0T T 110 o (]I



https://arxiv.org/abs/2201.07962
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8, LEVY SHAPES IN SINGLE 3D EPOS EVENTS, 3D
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Dec 4,2024

* What if the Levy shapes appeared only because of directional averaging?

* Let’s check 3D event shapes in EPOS! - Also Lévy, with similar a and radii (as those in |D)

* Clear physical reason: Levy walk

arXiv:2409.10373

2 4L EPOSS3 single event 0-10% AutAu  m'm+mn | p_[GeV/c] = 0.15-1.0
() pair-source projections Syn = 200 GeV k: [GeV/c] = 0.375-0.425
| NN T
1 B o
10 wﬁ' Hiiigtismens,
1072f
107} 1
10-4ll #3/NDF = 2881247
| conf.lev. = 0.03641 l
10_5;' o=1.63x0.02 |
| R, = (7.30 + 0.09) fm R, = (6.47 +0.10) fm R, = (7.89 + 0.20) fm
[ out side Iong
6
10 FIIIIIIII IIII |||||||I 1 1 ||||||I 1 L1111 IIIIIIII 1 |||I|||| 1 L1111

1 10

10?

1 10



https://arxiv.org/abs/2409.10373
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9. STAR FEMTOSCOPY ANALYSIS SETUP

* Detectors used for the analysis: _ [Bawel EMCal]

Time Projection Chamber |

BBC, TPC,VPD: centrality, vertex position
* TPC: tracking, dE/dx Particle Identification (PID)
* TOF: time-of-flight PID

| Time-Of-Flight | /

* Event selection: s , /
* Vertex cuts on v F¢ and vVPP |

* Pile-up removal using TOF vs. TPC multiplicity

| Vertex Position Detector

Track selection:

S

- Combined PID using TPC andTOF z%:g: STAR Run-121 T:Au@\{sszoo GeV, 556 M evts.
* Momentum selection: p; = 0.15 — 1.0 GeV/c :g: = e
* Rapidity selection: [n| < 0.75 10°F
Quality cuts on TPC number of hits and DCA :g:
* Pair selection: Splitting Level and Fraction of Merged Hits cuts 10
o100 200 300 400 500 600

* Additional cut on average pair separation in TPC pad rows RefMultCorr

COLLID
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10, CENTRALITY DEPENDENCE AT 200 GEV

* Lévy scale R: decreasing trend with m and with centrality

* Connection to flow and initial gecometry, similarly to Gaussian radii

* Leévy exponent a: EPOS quantitatively close, largest discrepancy for central collisions
 Effect of Coulomb scattering? PRB103(2021)235116,arXiv:2410.15525

Correlation strength A:increase from low to high m; and from peripheral to central collisions
* mq dependence: might attributed to modified in-medium 1’ mass? PRL81(1998)2205,PRLI05(2010)182301, arXiv:2407.08586

o 2F . = 11 - o g imi E = o
S 4 oF- STAR Run-11 preliminary £ " gmamxn Au+Au @\s,, = 200 GeV, mim: s STAR Run-11 preliminary |- Au+Au@|s,=200 GeV, 7'
SE =10 4 -
185 AUrAU@(5,=200 GeV, ¢ o ' i 0-10% "1 HHHHHHHHHHHHHHH
- - i 10-20%
g of BQB : 20-30% oo ﬁ HBHHHHHHHHHBEHHEB
165 : o BHB I 30-40% o7
1.5E . e Eg Eg BBBE 0.6, | , A
14E " oF . g TEg FEg 135 1 0-10% §10-20% |
= ey Em T EEg giolg) 12" . 20-30%1 30-40%
1.3 ° c g Hgy = |I|E| 1.1 ¢ L -
o EPOS > TRy, S Emmy 13 3
C # = gl . Eal5s] oF E
1-25 4— i .{;TTmmEIII 82— BEBEBEEE - Mmgﬁ@@*”"}%}{’ 4
1.1 STAR of = 0.7 Wﬂw - bR
C [ \ | I 0.6} 3
Y00 150 300 350 300 N 0.2 0.4 0.6 0.8 02 04 06 0802 04 06 08

part m, [GeV/c? ' m. [GeV/c?]



https://inspirehep.net/literature/1845207
https://arxiv.org/abs/2410.15525
https://inspirehep.net/literature/467507
https://inspirehep.net/literature/841436
https://arxiv.org/abs/2407.08586
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1., RESULTS AT COLLIDER ENERGIES: 7.7 TO 200 GEV

* Slow decrease with \/syy

from 200 to 7.7 GeV E 1 STAR preliminary |t  0-10% Au+Au, nt°n* ;'R=R0(A n1T+B)_1/‘3, R =1fm
iy A[c¥GeV] = 0.20+0.02;
- Same trend as Gaussian R & B = 0.12+0.05¢ A[c%GeV] = 0.16+0.03} A[c%GeV] = 0.24+0.02
=0.80+0.14; B = 0.03+0.02} B =0.11:0.03
. CL = 93%  CL=77% “s==_. | CL=18°
* Connection to flow 2 +2/NDF =10/18 +2/NDF = 13/18 = | y¥NDF = 23/18

e 200 GeV: EPOS close to data 3 +\{_ 200 GeV (Run-11) | +\(_ 54.4 GeV (Run- 17)_ t/syn = 27 GeV (Run-18)

'_‘117 ..............
£ F Awau SRS W 10-20% cent 10E:YShy = 19 6 GeV (Run 19) \Syy = 14 5 GeV (Run 19) fﬂSNN = 7.7 GeV (Run-21)

- s = 200 GeV

1o 1w =200GeY | o 50.30% cent.
L 't + T
E i< CORE+CORONA+UrQMD
L primordial+decay pions

EPOS

A[c¥Gev] = o.zsio.osi' A[c¥GeV] = 0.31:0.03
B = 0.09+0.04} B =0.16+0.12

9

8 . Alc¥gev] = 0.27:0.01
TF "oy, B = 0.16+0.05
6
5

Ssg,  £=0.75:0.12 ¢ =0.97+0.17} ¢ = 0.79:0.29
% 4 CL=39% =Bl | CL=77% - CL = 100%
5 3t ¥*NDF =19/18 g leNDF — 13/18 : XZINDF 4/7
£ 02 04 06 0802 04 06 0802 04 06 08

2
01 02 03 04 05 06 07 08 m, [GeV/c”]
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RESULTS AT COLLIDER ENERGIES: 7.7 TO 200 GEV

* Small, smooth increase

in @ with \VSNN
from 200 to 7.7 GeV

 Connection to

decreased density!?

* No strong dependence

on mr

* Average «
* =~].33 at 200 GeV
° =|.62at7.7 GeV

* Significantly below 2.0

and above 1.0

S 2
1.8
1.6

[ APap————v A

1.2
1

STAR preliminary

Op=1 .326i0.002(sta)fg:gig(sys)
XQ/NDF — 13/20, CL =89.3%

tysyy = 200 GeV (Run-11)

0-10% Au+Au, 1"

 x?/NDF = 30/20, CL = 6.7%

[« e -l L]

=1 .431;'-0.003(sta)fg:gg;(sys) '

 fYsyy = 54.4 GeV (Run-17)f

 x?/NDF = 31/20, CL = 6.1%

a(mT) = 0
0,=1 .492i0.002(sta)fg:gg§(sys)

2L
1.8}
1.6
1.4f

1.2|:
1

VS = 19-6 GeV (Run-19)

q}-\r};rh}q_;vv =n=

0tp=1.499+0.003(sta) o ooo(sys)
¥*/NDF = 39/20, CL = 0.8%

i{Suy = 14.5 GeV (Run-19)

L 0,g=1.529+0.004(sta) o 025(sys)
+2/NDF = 37/20, CL = 1.1%

'NSNN = 7.7 GeV (Run-21)

et

0y=1.619+0.008(sta) ) 07>(sys)
¥*/NDF = 5/9, CL = 100.0%

0.4 06

0.80.2

04 06

0802

04 06 08

m, [GeV/c?]
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13,, RESULTS AT COLLIDER ENERGIES: 7.7 TO 200 GEV

* Clear decrease

in 1 with Ny C<1.3 STAR preliminary | 0-10% Au+Au, 11"
from 200 to 7.7 GeV 1.1
1
* Decrease in multiplicity 0.9
* Larger role of halo 83 3
. Decrease towards small 0.6} ¢ VSN 200 GeV (Run 11) +\/ 54 4 GeV (Run 17)-
my values 1.3 'V = 19.6 GeV (Run-19)| S = 145 GeV (Run-19)  tYsyy = 7.7 GeV (Run-21)
1.2 - -
* Increase in halo 1.1
for small m 1
, . 0.9 wﬂ‘ﬂ“"}'“}"&*{’{sr&%d} JI TG HHH - ﬂ
e Attributed to modified 0.8 wﬁﬂ,@ﬁ 3 |ln'ulul'|"H'| Hu i HEHEEE m
in-medium 7’ mass in gg [ i
literature N T NS PRI

02 04 06 0802 04 06 0802 04 06 08
m, [GeV/c?]
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14,, FIXED TARGET ENERGIES: 3.2 AND 3.9 GEV

* Non-Gaussian values (a < 2); small systematic difference between 7™~ and m ¥t pairs

* 3.9 and 3.2 GeV compatible, no m; dependence observed

* UrQMD within uncertainties — no other effect but rescattering and decays, good agreement (t<50 fm/c!)

3 ol STAR preliminary, \sy, = 3.2 GeV 3 ol STAR preliminary, \s,, = 3.9 GeV_
| 0-10% FXT Au+Au = T | 0-10% FXT Au+Au =
B I\\— - | =N B j LT
i I;I = L a R N :
& i _— b )
— e ot e
1.5_ a(m )=OLO T 1'5_ Ot(m )=0('0 N
ERE S = 1.692:0.013(stat) > 0o (sys) BRE = 1.687:0.015(stat) )z (sYS)
|} w0, = 1.64620.016(stat) ) 073(sys) | 3 ottt 0 =1.640£0.017(stat)' ) 55 (sys)
i D UrQMD cascade (t <50 fm/c), n'r _ D UrQMD cascade (t <50 fm/c), i
1 |:|UrQMD cascade (t <50 fm/c), n*rt 1 |:|UrQMD cascade (t <50 fm/c), 't
| 1 1 1 | 1 1 1 | | 1 1 1 | 1 1 | | 1
0.2 0.4 0.2 04 0.6

my [GeV/c ___D.Kincses, CPOD 24 m, [GeV/c*,
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15, LEVY SCALE R AT FXT ENERGIES

* Decreases towards higher my and lower energies

* Small systematic difference between 7"~ and t*7* pairs
* Two FXT energies compatible

* UrQMD describes the trends qualitatively well, moderate quantitative mismatch, but ran only until 50 fm/c

- 8__ STAR preliminary, \s, = 3.2 GeV E 8__ STAR preliminary, s, = 3.9 GeV
— | 0-10% FXT Au+Au — | 0-10% FXT Au+Au
oc | oc |
6 6
i & i
a4 ¥ EY - a4 t B f
T it @ @ [ ¢ @ @
: D UrQMD cascade (t <50 fm/c), n'r’ : D UrQMD cascade (t <50 fm/c), '’
ol |:|UrQMD cascade (t <50 fm/c), n*n* oL DUrQMD cascade (t <50 fm/c), n'n*
| 1 | 1 | 1 1 | | | 1 1 1 | 1 | 1 | 1
0.2 0.4 0.2 0.4

0.6
m [GeV/C] .. D. Klncses CPOD24 m [GeV/CZ]
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16, LEVY EXPONENT FROM 3.2 TO 200 GEV

* Non-gaussian values (a¢ < 2) o D. Kincses, CPOD 24
_— S 2
Increasing density — 185 STAR preliminary o(m_)=c,

rescattering decreases a! -8; U
* 200 GeV centrality dependence, same trend: 1 65_
* lLarger a for peripheral collisions :: gz_
¢ Trend illustrated by power-law: TIE
ay = 0.85 + m—o-l‘L 1:_ T htmode Collider moae SO
0-8 - % 0-10% Au+Au, t'nt'
* Good description by UrQMD at FXT 0.6F * 30-40% Au*Au, r'r*
energies, comprehensive energy scan is 0 4: + 0-10% Au+Au,
: - < 0-10% Au+Au, nt'n*
ongoing 0 2:__ 0_854_‘{3—“ 0.14 J |

* No non-monotonic trend in a observed yet,

' ' ' y Aino
far from conjectured critical value (0.5) 1 10 \/31 0 [GeV]
NN
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17.. LEVY FEMTOSCOPY IN 3D AT 200 GEV

* Lévy exponent a: negligible dependence on my, average value ~1.3
* Far from critical value (0.5), Cauchy (1.0),and Gauss (2.0).

* Correlation strength A: small increase from low to high my, can be attributed to resonance ratio changes
<

Au+Au, |sy, =200 GeV STAR Preliminary 1_5- Au+Au, \'sy, =200 GeV STAR Preliminary
2 0-10% centrality 3D Analysis 0-10% centrality 3D Analysis
15 * ' ] +#+##*#i¢+#++i
TTTTL TTELIEL L i
AU » N #
1
0.5
05 " T " T
| e S. Bhosale, WPCF 2024 . Tt S. Bhosale, WPCF 2024
, , 1
Ol.2 0.3 0.4 0.5 0.6 0.2 0.3 0.4 0.5 0.6
m, [GeV/c?] m; [GeV/c?]

- COLLID:
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18, SOURCE RADII: 3D LEVY MEASUREMENT VS GAUSSIAN

* Levy-scale R: usual decreasing trend with mr

* Free « fits reduce y? by 200-500 units compared to Gaussian fits

o 1 500
=
5 N " 400
* y“INDF values within |-1.04 for all fits W
* Confidence levels (p-values) improve by |-3 orders of magnitude with free & 200
i S.Bhosale, WPCF 2024 .
£ ” STAR, Au+Au @ sy = 200 GeV . 1w (0-10%), avg. a~1.3 STAR Preliminary
Y STAR PRC 2015
o' . nt-nt (0-10%), avg. a~1.3 . + e o ’
o i mt-m(0-5%), 0=2.0

x? difference

STAR Run-11, Au+Au @ |'sy, = 200 GeV
s Centrality 0-10%, n'n

I

0.2

fit p-values

E STAR Run-11, Au+Au @ {/s,,y = 200 GeV.
F Centrality 0-10%, n'n v
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9, EPOS COMPARED TO STAR 3D PRELIM. DATA AT 200 GEV

* EPOS and data (both from 3D analysis) comparison shows good agreement for radii
e EPOS analysis described in arXiv:2409.10373

* Moderate discrepancy for R;;4. and a: maybe due to long-range Coulomb scattering (not in EPOS)

* See effect of Coulomb potential in a 2D solid-state physics paper: E. |. Kiselev, Phys. Rev. B 103,235116 (2021)

RO.S.l vsmr S. Bhosale, WPCF 2024 a vs mr
AU © (=200 6oV - 7w (0-10%), data STAR Preliminary | © | AurAu, {5 =200 Gev STAR Preliminary
o . w+-n+ (0-10%), data 0-10% centrality 3D Analysis
"  mtm(0-10%),EPOS | e 0 | |
1.5 me  ; .
‘o
- ** :iﬁ:ﬂijj.¢¢==.#*++=
= i
y g 1
6 i "\*\~\~‘; : - : l : " = -1, data
—atel dat
* nt-m*, data
* Rout side long | |mtnt, EPOS
03 04 05 06 0.3 0.4 05 0.6 03 04 05 06 03 04 05 06
m; [GeV/c?] m; [GeV/c] m; [GeV/c] m, [GeV/c]
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CONCLUSIONS AND OUTLOOK
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* Lévy parameters for pions measured from 3.2 to 200 GeV with STAR
* Lévy a:between | and 2, decrease with /sy, constant with my

* R:decrease with my, similarly to Gaussian radii
* Relation to Gaussian through HWHM/HWHI

* A:decrease at low my, overall increase with /sy

* Possible reasons for power-law tails and Lévy sources:

* Critical phenomena — no non-monotonicity seen in @ vs Sy,
more energies to be investigated

* Resonance decays — part of the reason, predicts larger «

* Hadronic scattering, Lévy walk — close to measurements
* Questions to be answered:

* EoS (& model) dependence of a and R2,; — RZ;4. VS \/Snn

* What collision energy dependence do models predict!?

\S]

1.5

0.5

0-4;_ & 0-10% Au+Au, 1'n*

0.2 — 08545, "

1; " fxtmode collider mode

0.8 % 0-10% Auvau, v
0.6 * 30-40% AutAu, r'r

Au+Au, \'s,, =200 GeV STAR Preliminary
0-10% centrality 3D Analysis
[ EEEEE p
L
*:#u“;.;ﬂ“ﬂu#
= 7m-m, data
" wt-m, data
| n=r, EPOS
0.3 0.4 0.5 0.6
m; [GeV/c]

E 4 0-10% Au+Au, t1




Au+Au, |sy, =200 GeV STAR Preliminary 3 o STAR preliminary, sy, = 3.2 GeV 20 —-- - sl
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