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Abstract
Relativistic heavy-ion collisions offer a unique opportunity to probe the deformation of colliding nuclei. The quadrupole deformation parameter 𝜷2 has 
been extensively studied through the flow coefficient v2 in such collisions, as well as through low-energy measurements of the electric quadrupole 
transition probabilities, B(E2). In contrast the hexadecapole deformation 𝜷4 has often been neglected in modeling heavy-ion collisions, primarily due to 
large experimental and theoretical uncertainties. In this poster, we present measurements of the non-linear response coefficient between v4 and v2, 
𝝌4,22, in Au+Au and U+U collisions at  200 GeV and 193 GeV, respectively. A deviation from unity of the ratio of 𝝌4,22 between U+U and Au+Au collisions 
would suggest sizeable hexadecapole deformation in Uranium-238. These results are compared with iEBE-VISHNU hydrodynamic and AMPT model 
studies, which incorporate the 𝜷4 value of Uranium-238 from nuclear structure theory calculations. 
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The non-linear response coefficient 
𝝌4,22 in Au+Au and U+U collisions 

The “v2 puzzle”：   
    v2 ratio can either explained by a large 𝜷2 and/or large 𝜷4.
measurement of the 𝜷4 of U are crucial to remove the ambiguity?【1,2】

Experimental analysis:
Ø The STAR Detector 
ü  2π azimuthal coverage
ü  Large acceptance

Ø 3 sub-event method 
ac2{3}, v24, v4{2}2

𝝌4,22 and cos(4𝝍2-4𝝍4) 

Au+Au vs. U+U:

Summary: 
Ø Non-linear response coefficient 𝝌4,22 in Au+Au and U+U collisions.
Ø The 𝝌4,22 ratio between U+U and Au+Au deviation from unity in the 

central collisions.
Ø VISHNU with 𝜷4=0.1 over predicts the deviation from1. 

Consistent with AMPT using 𝜷4=0.1 
Ø Indicate sizable hexadecapole deformation of Uranium-238 using 

the relativistic heavy-ion collisions.

Results:

q The centrality dependences of the ratios of the correlators between U+U 
and Au+Au collisions.  

q 𝝌4,22 ratio compared with model studies from iEVE-VISHNU hydrodynamic 
and AMPT, which included the 𝜷4 of U.
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Hydrodynamic and AMPT studies show that due to the 
nonlinear response, v4 is not a good probe to gauge the 
𝜷4, instead model studies show 𝝌4,22 is an ideal probe to 
determine the 𝜷4, which is insensitive to 𝜷2 【3，4】
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