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Are HI probing the same thing as low-energy structure exp? Can HI 

provides competitive constraints on nuclear shape and radial profile? 
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Shape-flow transmutation via pressure-gradient force: 
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" β2Ru~0.16 increase v2, no influence on v3 ratio
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" β2Ru~0.16 increase v2, no influence on v3 ratio

" β3Zr~0.2 decrease v2 in mid-central, decrease v3 ratio
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" β2Ru~0.16 increase v2, no influence on v3 ratio

" β3Zr~0.2 decrease v2 in mid-central, decrease v3 ratio

" ∆a0= -0.06fm increase v2 mid-central, small influ. on v3.
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" β2Ru~0.16 increase v2, no influence on v3 ratio

" β3Zr~0.2 decrease v2 in mid-central, decrease v3 ratio

" ∆a0= -0.06fm increase v2 mid-central, small influ. on v3.

" Radius ∆R0=0.07fm only slightly affects v2 and v3 ratio.  
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" For Nch ratio:

" β2Ru~0.16 decrease ratio, increase after considering β3Zr~0.2

" The bump structure in non-central region from ∆a0 and ∆R0

" For  <pT> ratio:

" Strong influence from ∆a0 and ∆R0

AS;6+,#)*$&.*6+.6*#$>%)$5J;+"KO$]5!v=*).%'

|<0.5)η (|
offline

trkN

0 100 200 300

Z
r

)
o

ff
lin

e

tr
k

p
(N

/ 
R

u
)

o
ff

lin
e

tr
k

p
(N

1

1.05

5 2 1 0.2%

STAR data

 

 

 

 

|<0.5)η (|
offline

trkN

0 100 200 300

Z
r

)
o

ff
lin

e

tr
k

p
(N

/ 
R

u
)

o
ff

lin
e

tr
k

p
(N

1

1.05

5 2 1 0.2%

STAR data

2
βAMPT  

 

 

 

|<0.5)η (|
offline

trkN

0 100 200 300

Z
r

)
o

ff
lin

e

tr
k

p
(N

/ 
R

u
)

o
ff

lin
e

tr
k

p
(N

1

1.05

5 2 1 0.2%

STAR data

2
βAMPT  

2,3
βAMPT  

 

 

|<0.5)η (|
offline

trkN

0 100 200 300

Z
r

)
o

ff
lin

e

tr
k

p
(N

/ 
R

u
)

o
ff

lin
e

tr
k

p
(N

1

1.05

5 2 1 0.2%

STAR data

2
βAMPT  

2,3
βAMPT  

0
 a

2,3
βAMPT  

 

|<0.5)η (|
offline

trkN

0 100 200 300

Z
r

)
o

ff
lin

e

tr
k

p
(N

/ 
R

u
)

o
ff

lin
e

tr
k

p
(N

1

1.05

5 2 1 0.2%

STAR data

2
βAMPT  

2,3
βAMPT  

0
 a

2,3
βAMPT  

0 R
0

 a
2,3
βAMPT  

D)*,%#*$&.67%#&$'-$."%&$4*'P$0UW%O$0U8$l6O$N/WBAYO$AAASCB$JACACK$)*l%>3ABBBUBTeBA$

w)C )-7$w/C$%-4,6#-+#&$)77$65 w)C )-7$w/C$%-4,6#-+#&$+)-+#,



AT/#,).%-9$.'$-#6.*'-$&H%-3

)*l%>3ABBBUBYYY?

E'*$x''7&=<)I'-3;#6.*'-$&H%-$'()* #I5*#&&#7$(:$/C )-7$)C
4'*$-6+,#'-&$)-7$5*'.'-&3



AY/#,).%-9$.'$-#6.*'-$&H%-3

1&'()*$+',,%&%'-$P#)&6*#$y7%44#*#-+#$'4$-#6.*'-$&H%-z$4*'P$
w/C w) 4'*$-6+,#'-&O )-7$H-'F-$w/C w) 4'*$5*'.'-&3

)*l%>3ABBBUBYYY?

E'*$x''7&=<)I'-3;#6.*'-$&H%-$'()* #I5*#&&#7$(:$/C )-7$)C
4'*$-6+,#'-&$)-7$5*'.'-&3



A\q%*#+.,:$5##,%-9$'44$."#$&H%-$P)..#*

WU$W%6O$8U$l6$#.U), AACSUC??AT

!"#

$
%
&
''

()*+,-.'/01.

234*'5'234*23$,'5'23$,

$
%
&

678

;U{'X:*#>O$1U$N&"#-%+"-'> AACTUCbBe?
" <5#+.).'*$-#6.*'-&$%-$6,.*)=+#-.*),$%&'()*$+',,%&%'-&$%&$#-")-+#7$
(:$-#6.*'-$&H%-

2'P5,#.#$&#5)*).%'-$(#.F##-$
5)*.%+%5)-.$)-7$&5#+.).'*$P)..#*

Andrea Jedele

;6<:PACAB

" <%P%,)*$.'$,'F$#-#*9:$4*)9P#-.).%'-$*#)+.%'-



Ab1&'()*$*).%'&$-'.$)44#+.#7$(:$4%-),$&.).#
" p)*:$."#$&"#)*$>%&+'&%.:$>%)$5)*.'-%+ +*'&&=&#+.%'-

" E,'F$&%9-),$+")-9#$(:$SC=YCsO$."#$>- *).%'$6-+")-9#7U$

/'(6&.$5*'(#$'4$
%-%.%),$&.).#|

Ab

"

" E,'F$&%9-),$+")-9#$(:$SC=YCsO$."#$>- *).%'$6-+")-9#7U$



Ae

" Different ways of depositing energy
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" Shape from B(En), radial profile from e+A or ion-A scattering
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" Shape frozen in crossing time (<10-24s), probe entire mass distribution

via multi-point correlations. 

2',,#+.%>#$4,'F$*#&5'-&#$.'$-6+,#)*$&.*6+.6*#



SC

" In principle, can measure any moments of p(1/R, +2, +3…)

" Mean          

" Variances:

" Skewness

" Kurtosis 

…

" All with rather simple expressions, for example:

" Skewness

" Kurtosis
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20Ne with 5 alpha has the most extreme ground state shape: .#/&012 .3/&040*Use O+O 

and Ne+Ne to observe “strong” purely-geometric effects at dN/dy~100. 

Trajectum framework 

Ratio 20Ne+20Ne /16O+16O
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Transition from nearly-spherical to well-deformed 

nuclei when size increase by less than 7%. Using 

HI to access the multi-nucleon correlations leading 

to such shape evolution, as well as dynamical .3
and .5 shape fluctuations.
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" Access the difference of neutron skin by comparing 40Ca+40Ca and 48Ca+48Ca  
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N"'.'=-6+,#)*$%-$[N2$

;#6.*'-$&H%-3 STAR: 2204.01625 

*#)+.%'-=5,)-#$#,,%5.%+$4,'F

2206.10449 

?\/6@?\R*

;#6.*'-$&H%-$4'*$ACeN(
" Extract skin of 208Pb in UPC or by comparing with 197Au



TA

" Further explore connections between NS and HI, more observables

" More case studies with Ru/Zr, Au/U, Pb/Xe. cancel most final state effect

" Shape fluctuations and shape coexistence

<")5#=4,6+.6.%'- '*$&")5#=P%I%-9

<")5#$+'#I%&.#-+#
A=5$+'**#,).%'-

T=5$+'**#,).%'-

S=5$+'**#,).%'-
\=5$+'**#,).%'-

0#)>:$%'-$
'(&#*>)(,#&3

B?C\UCbYTAB?C\UCbYTA



" Precision QGP initial condition via constraints from both NS input and HI 

observables# Improve the extraction of QGP properties.

" Understanding how initial condition respond to NS in turn allow us to probe novel 

nuclear structure properties and compliment low-energy experiments

" Identify interesting isobar species across nuclear chart to map out initial condition 

from small to larger system (250 stable isotopes, 141 isobar pairs or triplets )

TS<6PP)*:

)*l%>3ABCAUCeBYe
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