Probing the neutron skin and nuclear symmetry energy
with isobar collisions at ., /sy = 200 GeV by STAR
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Ab StI'aCt The neutron skin thickness, Ar,, has traditionally been measured by low-energy hadron-nucleus and nucleus-nucleus scatterings over

decades. Recent studies indicate that the neutron skin can also be measured, unconventionally and possibly with better precisions than traditional methods,
by colliding isobar nuclei at relativistic energies. The idea is to compare the produced hadron multiplicities (V,,,), the mean transverse momenta ({p;)), and
the net charge multiplicities (AQ) to trace back the nuclear structure differences between the 1sobar nuclei. In this poster, we will present results on the NV,

(p7), and AQ ratios between Ru+ Ru and 96Zr+96Zr collisions at , /sy = 200 GeV by STAR. We extract the neutron skin thickness and the symmetry

energy slope parameter from these data. We compare our results to the global data on symmetry energy and discuss their implications 1n the context of
equation-of-state of dense matter and neutron stars.

Relativistic isobar collisions: | STAR Detector: Time Projection Chamber
STAR Collaborations, Phys.Rev. C105, 014901 (2022) . _@”=2°°Ge" _ . ‘ Silicop Vertex
| il Coile Maghet e
| n | | 1 | x u | ; . ; o mm&u i s s
1.02 |  STAR Isobar post-blind analysis, Vsyn = 200 GeV, Ru+Ru/Zr+Zr, 20-50% 5 WMMMM HHIH”’ rl Tlme Of thht deteCtor
095 |  Ru+Ru/Zr+Zr | . ” - E-M .
o 1rrk----—-—--"=-"=-"=-=-=-=-=-=-=-=-=-=-=---7 _?_ - T 7 oo | -'-g?atﬁberCase-z | 'l‘.“ 7 —“ g = y Tim jl‘lorL"°:'
5 _ + | | — IE!
oC 0.98 1.1 | Efficiency uncorrected tracks P-.-'. ~ Dte Of
. ) e flight :
T PR I {Nﬁlm“ﬂ -\ s Acceptance
. | | . | | | g ety #** tEA
. & <2° < QO $ QC’ s QO ¢ Qc’ 4 & s R c';\@‘%@’i@@@&& 6\‘§ - Ru+RWZr+Zr |§ E‘ nl > ‘ H ‘ <1
& \r§° \r§° N S S §F R |"
3 TS o S > 0.2 < p; <2 GeVic
\ ¢ ¢ AN 0 100 200 300 400 - FA s !
Nl lorms >0< ¢p<2rm
> (Clear differences in multiplicity and elliptic oot Timeropecion Chamber
ﬂow2 indicating 1§0bar structure .dlofference, s " % Sens1t1ve observables to probe the neutron skin
moving the baseline from the original RS L AL T Ry Ry
. . . e =8
expeetatlons of CME search 1n 1sobar 0004 | zozs iy %é ' ‘ BN Smaller r, larger density S Larger N, and <pT>
collisions. |
HJX, et.al, Phys.Rev.Lett, 121, 022301 (2018) okt B <' @ B Larger r, smaller density S Smaller N, and (pr)
> The STAR 1sobar data demonstrate thick Wl el | sy, S S e,
° EPD (2.1<n|<5.1)
halo-type neutron skin in Zr, consistent with | . w e
yP 1 @ _____ 8 ;____gi____‘?i____?___.e-.--@-..@.é_ > Mult1p11c1ty distributions H. Li, HIX, et.al, Phys.Rev.Lett., 125, 222301 (2020)

energy density functional theory calculations. . . |
HJX, et.al, Phys.Lett. B819, 136453 (2021) Centrality (%) > Mean transverse momentum HIJX, et.al, arX1v:2111.14812

> Net charges (1sospin sensitive) HIX, etal, Phys.Rev. C105, LO11901 (2022)

Results: L L
. Multiplicity (N,;,) distributions o Mean transverse momentum ({p;)) . Net charges (AQ)
N[ STAR Preliminary Glauber+DFT(eSHF) Py 'STAR Preliminary IEBE-VISHNU + DFT(eSHF) d' | STARPreliminary TRENTo+DFT(eSHF)
£ - o <
5 £ | Isobar \sy, =200 GeV ——L(p)=20MeV | | " lsobar Vs =200 GeV L(p,)=20 MeV T4 4l Isobar \s . = 200 GeV — = L{p) =20 MeV
ELZ“ 1.3 () =473 Mevjf I 51 .008_— \'Snn === L(p )=47.3MeV 0'% 1 .4: — - L(p) = 47.3 MeV
\E : —— Data — A L(p ) 70 Mev Zl— — + Data i L(pC)=7O MeV ﬁ B O.2<p_T<2 GeV/C — - I—(pc) — 70 Mev
| 1 X ~ R L LT Deformed ~ B
& 10— b ¥ 1.006 c =0
s 1oy ot - 0.2<p <2 GeVic 2 iD t
Z~ [ State-of-the-art spherical DFT £ - )tﬂ_\.\—"*""""i' e, = 4
A ~ with eSHF nuclear potential N ~ i< wo e T
1.1 P Aéi!? 1'004_ ‘:V“// _m_m_“,_',j,'_"-'-l;.', e
5 Zhang, Chen, PRC94, 064326 (2016) A 5 # I \‘\,\"“/‘“‘/ \‘_\\\,m"‘ 7, v.,j‘
: IR R WL o
1. 1.002 —’/”
B - o Deformed: Ru(p.=0.16),Zr (B.=0.20)
“| | | | | | | | | | | | | | _‘\}'\\\I | | | | | | | | | | | | | I Lo I I L1 1 1 1
0 200 400 600 b 20 40 60 80 - 0? o
Efficiency uncorrected N°""*(i<1) Centrality (%) Efficiency uncorrected N ™ (ml<1)
> (N, ) ratios in central collisions to extract Ary, | (py) ratios in top 5% centrality to extract Aty > AQ ratios in very peripheral collisions are
with linear interpolation with linear interpolation directly related to Ar,, and
> Ary, 7, =0.195+0.019 fm > Ary, 7, = 0.202 +0.024 fm a=AQ0,,/AQ,,
Aryp e = 0.051 £0.009 fm Arypre = 0.052 £ 0.012 fm > Data imply a ~ 0, contrast to model studies
> Uncertainties dominated by nuclear deformation | > Uncertainties dominated by nuclear deformation Amodel ~ O-3HJX e Rer 105 1011901 (2022
, et.al, Phys.Rev. ,
Compare to world wide data: - Summary:
B. Li, et.al Universe 7, 182 (2021) > The multiplicity and elliptic flow differences are crucial for the CME search 1n 1sobar
- 2021 Fiducial value (24 new analyses of neufron star data + 19 MeV PREX I o o
110 h()hll(:lgs'\'sllcnulllics:;} unul,\sclx'). by (;cncl et dl 58%171)2;7.\.&—\’”‘“ . (PRL2021) COlllSlOnS
2013 systematics (29 analyses) by Li & Han 58.9 £ 16 MeV ®

100

(N.,) and (pr) ratios in isobar collisions to probe neutron skin and symmetry energy

o L(p.) =53.8%x1.7%7.8MeV from (N,) ratio
“L(p.) = 56.8 £0.4 = 10.4 MeV from (py) ratio

- Consistent with world wide data with good precision
> Net charge ratios in isobar collisions imply the o = AQ, /AQ,,, ~ 0, contrast to model
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c% conicenceoncies) — gtudies a4 ~ — 0.3, need further investigation.
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