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STAR Detector
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» Low py: TPC
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with fits

» 7. Bose-Einstein
» K, p: Blast-wave
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» Extrapolate down to zero p;



Bulk Properties



What Can We Learn?

» Fundamental properties of the QGP created in Isobar collisions
» Critical constraints to model calculations

STAR, PRC 83 (2011) 034910
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» What drives the bulk properties? o et s & 4
> Previous Au+Au and Cu+Cu 0 MBS 7
measurements show multiplicity > | 5 Em
. . N ol
scaling regardless of nuclear size %h 7 o L
. : = cERt i
» Further test this picture with Isobar 057 i
collisions (Rc, < Ry ~ Rz < Ray) I
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Cross-Particle Ratios
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Baryon Number Carrier



What Carries the Baryon Number?

Valence Quarks Junctions

» Carry large momentum fractipgs » Consist of low-momentum gluons
» Hard to be stopped at midrapidity > Easier to be stopped at midrapidity
» Ensemble basis: Q ~ B x Z/A > Ensemble basis: O < B x Z/4

VS.

Compare QO vs. B x Z/A in Ru+Ru and Zr+Zr collisions

L0S (LL61) €T1 9 'SAUd "JoNN ‘OUBIZOUDA "D ‘ISSOY D "D
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Charge and Baryon Transport

v" Charge transport: net-charge number

QQ = (Ng+ + Ng+ + N,) — (Np- + Ng- + Nj)
v' Baryon transport: net-baryon number

B = (N,+ N,) — (N;+ Nz)

» Measured within [y| < 0.5
» Large rapidity transport: Ay ~ 5.4
» Almost all particles decay to T, K, p, n
» Measured spectra include resonance and weak decays

» Neutron yields estimated based on proton and deuteron yields following the
thermal model
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The Double-ratio Method

» Very difficult to measure net-charge with needed precision
» Instead, we can measure the net-charge difference between
AeRu+35Ru and 29Z7+75Zr collisions
AQ = Qrusru — Qzeszr ~ Np(R2: — 1) + N (R2x — 1) + N, (R2, — 1)
R2; = (Nyp+ [Nr- )RutRu/ (Nat+ /Ne- ) ze1 20

o Double ratios take care of multiplicity mismatch between two isobar collisions for a given centrality

v' We compare: .
Z — _ — —
AQ vs. BX A =44 —40=4,4 =96

A B: average between Ru+Ru and Zr+Zr
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Verify Double-ratio Method

» UrQMD: net-charge difference
calculated with truth information
and double-ratio method

» At midrapidity, the two methods
agree within 1%
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Ru+Ru/Zr+Zr ratio
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» Very precise measurement with negligible uncertainties
» Fit with a linear function to extrapolate down to zero py
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Double Ratios in Isobar Collisions

R2.—1~0.1%

R2,-1~0.1%
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(BYAQ xAZ/A vs. Centrality
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» Models predict ratio less than 1 € Asymmetry in strange quark transport

» Trento: decreasing towards peripheral due to different neutron skins between
Ru and Zr
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» AMPT predicts similar B/Q values at all stages of medium evolution
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» Central collision: UrQMD can describe baryon number, but significantly overshoots charge
number = enhancing baryon transport results in too many quarks stopped at midrapidity

» Correct model should describe both simultaneously
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M. Bleicher, et. al., J. Phys. G 25 (1999) 1859
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Conclusions & Outlook

> Identified particle (z*-, K-, p, p) spectra are measured within |y| < 0.5 in
Ru+Ru and Zr+Zr collisions at \/syy = 200 GeV

» Bulk properties (<pr>, yields, yield ratios) scale with N,,,; along with Au+Au
and Cu+Cu results = Driven by energy density, rather than geometry

» Future work: extract freeze-out parameters

» Significantly more baryon transport than charge transport = incompatible with
the scenario where the baryon number is carried by valence quarks

» See more evidences from y+Au and Au+Au measurements ( )

» Future work: further investigation at RHIC (strangeness, charge transport, etc),
junction PDF at EIC
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Valence Quarks
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What Carries the Baryon Number?

Junctions
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Net-charge Number
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Estimate Neutron Yields

In the framework of the statistical thermal model, the production yield for a particle is given by:

N = F(m)eBMB+Sus+QMQ_

)

where F'(m) is a function of the particle mass (m). B, S, and @); are the baryon number,
strangeness, and electric charge of the particle, while 1., 115, and /¢ are the chemical potentials
of the corresponding conserved quantum numbers. Consequently,

02/12/2024

Ny = F(my)e "B7HQ

Ny = F(mg)e*BtHe

Nz = F(my) —2uB—HQ

N, = F(m,, = my)el'® = Nz\/Ng/Ng
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(6)
(7)
(8)
9)
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(BYAQ xAZ/A vs. Centrality
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» Yellow line: use 2xnet-proton as the lower limit
o More neutrons than protons in the incoming nuclei
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