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Shapes of atomic nuclei

s Collective phenomena of many-body quantum system
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Flow assisted imaging in heavy ion collision’

Nuclear structure Initial condition Final state

hydrodynamics
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Flow-assisted imaging relies on linear response: N, & Npgt [E)Tﬂ] o —R—f V, <&,

» Constrain the initial condition by comparing nuclei with known structure properties
» Reveal novel properties of nuclei by leveraging known hydrodynamic response.



Strategy for nuclear shape imaging

Flow observable = K ® initial condition (structure)
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QGP response, Structure of colliding nuclei,
a smooth function of N+Z non-monotonic function of N and Z

Compare two systems of similar size but different structure

238U+238J RUN12  193GeV  197Au+197Au RUN10/11 200GeV

238 is strongly prolate : By = 0.287£0.007 v = 6°8°
4 [B(E2) arXiv: 1312.5975 PRC 54, 2356 (1996)
AN

197Au predicted to be slightly oblate: Beau =0.1-0.14  7au < 40°
arXiv: 2301.02420

ﬂZ,rotor =

Use charged particles in |n|<1, 0.3-3 GeV/c with STAR TPC



Impact of quadrupole deformation in U+U °
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Three-particle correlation probes the triaxiality at leading order!



Quantify the correlation strength
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Influence of deformation limited to
20% centrality for v, and pt variances.
But the full range for <v,2 épt>



(v28p_) x 10°

Quantify the correlation strength
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P2 =
(v3)4/ ((6pr)*)

p2in AuAu is a better baseline for
spherical nuclei than p,Pce



Model comparison

Vo-ptis impacted by both initial state and final state effects.
1S: MC Quark Glauber model
IS+FS: IP-Glasma+Music+UrQMD from Chun Shen et.al.



Compare with hydro model
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(v%de) =a - bcos(37)5;

« Hydro model describes trends of p, but not its absolute values
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Compare with hydro model
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(v%dprp) =a - bcos(37)5;

» Hydro model describes trends of p, but not its absolute values
» Achieves a better description of <v,28p1>/<V,28p1>a,-
* The B,y ws=0.28, y,=0 agrees with the data.
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Compare with Glauber model

Linear response: V2 X €2 5ﬁT/pT o< dd,[/d, d.=1/R,

initial state estimator: (e30d./d. )yy / (€50d.1/d 1) auny:

g L4 4 ¢4
- > 4
o o

Lo

- STAR Preliminary

;\.'_ . e 0°

= s
E mmwa 20° Bz,u =0.28
P = 25°
L e e

1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1
40 30 20 10 0 40 30 20 10 0
Centrality [%] Centrality [%]
Glauber model prefers B,y ws=0.28, y,=0 Assuming B2y ws=0.28, data prefers

Values are consistent with low-energy estimates based on rigid rotor model
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Another way to probe deformation

(v30pr) ~ a — beos(37)Bs  (v3) = az + by <(5PT)2> ~ ag + bofs

Removing “a” terms by subtracting the system A (UU) and B (AuAu)

o (v30pr), — (v3dpT)p b (cos(3ya)B% — cos(37B)BE)  gynu—0 b cos(370)
(<V§>A - <V§>B)\/(<(5IJT)2>A - <(5PT)2>B) b2v/ by (ﬁi - 5123) ba+/bo

expected to work well only in central region
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Another way to probe deformation
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No dependence on methods, very little dependence on p; ranges
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Compare “subtracted” ratio to models
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Hydro model predicts the same limit in
UCC region for large B, (=0.28)
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Compare “subtracted” ratio to models
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Summary and outlook

Correlations of elliptic flow and radial flow carry imprint of the quadrupole
deformation 3, and triaxiality y. Strong suppression in central U+U
collisions but not Au+Au provides direct evidence that >*%U has a
pronounced prolate shape.

Comparison with hydro & Glauber models leads to B,; = 0.28 and yy; < 15°
within a Woods-Saxon parameterization. Shape imaged at shorter-time
scale at high Vs is consistent with low energy

Our study shows that initial condition is sensitive to and can be probed by
nuclear shape.

The flow-assisted imaging approach provides a new tool for studying the
collective, many-body structure of atomic nuclei across the nuclide chart.



