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Why Measure Light Hadrons?

 Measure i, K, p, & p across pr and rapidity
- Kinetic & Chemical Freeze-out
- Baryon and Strangeness Chemical Potentials
- Associated Production of K+
- Baryon Stopping
— Collective Radial Flow with Blast-Wave Model
« Beam Energy Scan Il (BES-II)
- Vsw=7.7,9.2,11.5, 14.6, 17.3,

lEarly Universe The Phases of QCD
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Particle Identification in STAR
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Yield Extraction
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Corrections to the Spectra

—

* Feed-Down Decays
- 15% for protons aty =0, Vsw = 19.6 GeV
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Mid-Rapidity Yields at 54.4 GeV B Al
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Rapidity Dependent Spectra
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- Wide Rapidity Coverage (BES-I reported mid-rapidity)
- Spectra fit at low pT to extract dN/dy
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dN/dy

Pion Production

* Pair production of pions

W_/W+

* 1T excess at low Vsyn due to

delta resonance

n* dN/dy Au+Au |s,, = 19.6 STAR

220 - STAR Preliminary
200 @ This Work

- O Reflected
180 ; i B STAR, PRC 44904
160
140
120—
100
80—
60—
40— g
20 T -

E e SRS -

ot e U o oy A A M N A S M

-1 -0.5 0 0.5 1

Quark Matter

220
200
180
160
140
120

100
80
60
40
20

70-80% oF .

Neutron rich initial conditions

7 dN/dy Au+Au |s, = 19.6 STAR

STAR Preliminary
@ This Work
O Reflected
B STAR, PRC 44904

~

Y

Houston, TX

5 Ser

1.4

1.2

0.8

0.6

World Data

B STAR Data Bes-) STAR Preliminary

® New STAR Results Au+Au

Hett

Mid-Rapidity
Pion Ratio

10° 10°

Vsyy (GeV)

sy

10

10*




K+ and Associated Production

« Associated K+ production dominates over pair K™ e o lsmpul S
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Baryon Stopping

* Participant protons slowed toward mid-rapidity 10°
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Kinetic Freeze-out at 54.4 GeV

: : ' I J ' . 5 I y b ' J I ' i ! ' ] LI l LI 1 I ] I 1 LI | I 1 LI 1 | I I 1 I I I LI 1 T I T
%, : 200~ -
102k %,  AutAU\sy=544GeV -~ Au+Au STAR Preliminary |
§ g 0-5% i i |
) B - L -
g 10 - STAR Preliminary . 1801 N
3 : s | = St :
% | CF [T O
© g_ 1 é— & N —E 3 B ! n i
§ Fox e "nbs, s | i 2 U
™€ F oK sk _ g8l — 100} " -
10" - pBGB.; Simultaneous Fit m N - & 77Gev 4 115 GeV e i
L. '015' - 11 N .1|5. i 2L : “-196GeV 27 GeV :
' p, (GeV) ' L -39 GeV - 54.4 GeV (BES-II) -
Blast-Wave Model : Hydrodynamic inspired model 50 _— 4 624GeV  —+ 200 GeV —_
R . Ll | Ll 1 I ] 1 1 Ll I 1 Ll 1 | 1 1 1 | I 1 Ll 1 | L | L
N, frdrnrrlg(stmhp(r))xKl(erOShp(r)) 01 02 03 04 05 06
pTd)T 0 -";a‘n -’;dn (B)
s, ocse! unctions * Twin and <B> show anti-correlated trend,
=T dial fl loci o e .
o Kineto freese-out temperature similar to the other BES-I energies

11

Quark Matter Houston, TX 5 Ser



Chemical Freeze-Out at 27 GeV

* Fits by THERMUS

- Chemical equilibrium model
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Chemical Freeze-Out at 27 GeV
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Conclusions

« dN/dy of m*, K%, p, & p with pr spectra
- Vsw = 14.6, 19.6, 27, 54.4 (mid-rapidity) GeV

- Associated Production of K*
e 40% at Vsan=14.6 GeV - 15% at Vsw = 54.4 GeV

- Baryon and Strangeness Chemical Potentials (Vsw =27 GeV)
 Ag ~ 25 MeV for Ay =1 (baryon stopping)
* Aus~ 10 MeV for Ay = 1 (associated production)
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Negative 54.4 GeV Spectra
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dN/dy

14.6 GeV Pion dN/dy
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14.6 GeV Proton dN/dy
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19.6 GeV Kaon dN/dy
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HYBRID FEED-DOWN METHOD

LoeE
RS - A + X9 Spectra
—~ 3.5 .
§ 35“ Au+Au /sy = 27 GeV
= = [-0.5,0.5
2|5, =l :
T | = 25 —
"“ C —a—
=~ C
S 2— t
N B UrQMD Spectra
- % 15— o
SR e Scaled UrQMD Spectra
Z 1 - e —n——
» Scale UrQMD strange spectra to mid-rapidity BES c b T BES-I Measured Spectra
measurements 05 *WHH ——
> Many analyses need rapidity dependence and BES-I 0Er L W%W
published mid-rapidity strangeness only 0 02 04 06 0.8 ! 12 1.4 16 18 mT_fn

No measured coverage at low pr

Scale and stretch parameters determined by y?> minimization
> Scale: d*N/dmpdy — a - d*Ni/dmdy

> Stretch: my—my— b - (mp—my)

~and = spectra assumed identical (Z° not measured)

X */A ratio conserved (X not measured)

»Strange hadron production in Au+Au collisions at  /syy = 7.7,

11.5, 19.6, 27, and 39 GeV. Phys. Rev. C 102 34909 (2020)
»2Z~ and Z° decays into A were corrected by data-driven feed-
down (23% at low pr) assuming uncorrelated uncertainties.

»>? considered prompt (included in A) and Q™ considered
insignificant to A production

Matthew Harasty : LFS Analysis Meeting : 20 June 2022 : Slide 9 I




PION PRODUCTION

» Thermally produced

SR o S

STAR, PRC 44904

> Charge chemical potential (uq)

» Little variation in ratio by centrality
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