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Abstract

While most nuclei generally poses an intrinsic deformation, the most significant contribution Is
caused by the quadrupole moment characterized by strength 4, and the axial structure . We
present direct measurement of higher-order standardized cumulants of mean transverse
momentum fluctuation as a fine probe for accessing Initial conditions of AA collision of
deformed nuclel due to sensitivity to strength 4, and triaxiality .

Nuclear deformation

» Deformation caused by multipole moments of the nucleon density function.
» Low energy experiments mostly based on proton charge distribution
» Use high-energy physics to probe the complete nucleon distribution

Model the complete nucleon distribution by the Wood-Saxon potential

No
1 + exp([r —R'(8,9)]/ao)

p(r,0,p) =

Where n, Is the nucleon density and a, Is the surface diffusion. For deformed nuclel the
nuclear surface R'(6, ¢) can be expressed by spherical harmonics parametrized by the
strength £, and triaxiality y

R'(6,9) = Ry(1 + Bylcos(y) Y2(6, @) + sin(y) Y,,(6, 9)])

fluctuations

Eitfect of deformation in heavy-1on collision

Nucler can collide with

A0

different orientations e

Transverse nucleon density d, In the
overlap region of the colliding nuclel
fluctuates with the orientation
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Fluctuation In transverse nucleon density
0 d, causes final state fluctuation In the
transverse momentum spectrum [1]
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1. Unravelling nuclear shapes in heavy-1on collision with cumulants

» In the QGP stage, particles becomes correlated through their mutual energy distribution.

» Genuine m-particle correlation probes event-by-event fluctuation of the (pr) distribution.
The experimental process Is as follows

I.  Probe the complete m-particle (p) distribution with intrinsic moments
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3-particle cumulant

1. Decompose distribution Into a series of correlation functions|2]
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ilii. Isolate for the genuine correlation, denoted as the cumulant x(pt"
k(pr) = ((p'F)) —(p'T))* k(pr’) = ((p'7) = 3Pt (P'TN+2 ({p'?))

Standardized scaling #(p$) = k(p7¥) /\ k(pi?)3

K » Eliminate unknown transport properties » Compare different collision system
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2. Sensitivity to overall deformation 5, and y

3. Sensitivity to triaxiality y
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> K(p7) has shown to poses a sensitive to deformation, her both strength 8, and y.

> Diminishing difference in €(p7?) calculation as the nuclei goes towards the peripheral
range, snap-shot effect.

> Standardized ratios of £(p7) shows similar behaviour as in initial stage calculations.

» For nuclel with same guadrupole strength £, the observed effect w.r.t triaxiality y Is
significant.
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