Imaging sh'-ap\es of
nuclear ¢

ic nuclei in hlgh energy.
{

/) Wi
/4‘%/

. m

/ / //"/ 49 V. 4
/ ‘4:’

2
e

L of

i”’

‘, \
3
I - b
b ‘ \\ ;,wO\oo led by the
13 > @ SN ¢
: - » =1 a4
Co . - A AIAN B




Nuclear shape at low energy: long exposure

HOUERBTE ) SRR E ) Ee Emergent phenomena of the many-body quantum system
A * Quadrupole/octupole/hexadecapole deformations
T2  Clustering, halo, skin, bubble...

Ay

l‘ « Non-monotonic evolution with N and Z
gamma spectroscopy |

radioactive decay

Traditional imaging method taken before destruction

A e ST — Low energy spectroscopic methods probe a superposition of
o —— Mass spectroscopy these fluctuations.
}'%." — |nstantaneous shapes not directly seen, but inferred from
d

model comparison.

laser spectroscopy

Each DOF has zero-point fluctuations within certain timescales.

Quantum fluctuations in orientations . E= h? JWJ +1)
. ) 21
6" ——— 0.307 MeV
4" ——0.148 MeV
Time scale: 7 > I/h ~ 10°-10% fm/c Coherent Supérposmon of 2" ——— 0.045 MeV

wavefunctions probed at low energy
Rotational band of *U
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Nuclear shape at high-energy: short exposure

Emergent seeing shape directly require access to

. . . . v r{,ro...
iInstantaneous nucleon distributions (r1, )

Will see all DOFs longer than exposure
timescale: T > Texpo

nucleons, hadrons, quark, gluons, gluon saturations
< 1MeV ~ 1-10 MeV ~ 100 MeV ~1GeV 2 100 GeV

> 4/ SNN

Hence concept of shape is collision energy dependent

0.04;
| PbPb, v sy =5.02 TeV

| P 3 4
0.03: centrality: || < 2.4
e

€2 — €p —I—p(Q)ﬁz +0 (,8%) -—oov-‘“‘" ——

R = o o s o ————

v HH
0. 01 Qm Q [ Q W
Vs-dependent  Global shape | T v —u@
quantum fluctuation rotational 0.00
. . - L 0.001 001 0.1 1 5
Spherical Woods-saxon Sampled with A nucleons induced shape vibrational centrality [%]
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Imaging by smashing method

Take a snhapshot Evolution Measurement

T, (T =0) 0,T"" =0, EOS, viscosity...
:‘:

Pressure-driven expansion of free-streaming

A N
I4 7

Quark-gluon plasma (QGP)

-
T~ 2Ry/T ~ 0.1fm/c T ~ 10fm/c T~ 10%fm/c
exposure expansion detection
— v __ —
T,..(t=0) 0, T* =0 Ty (T = 00)

snapshot —— evolution — measurement

J. Jia et al., Nucl. Sci. Tech 35, 220 (2024)

Image inferred after destruction

i# 151 INPC2025 @ &

May 25-30, 2025, INPC2025, Daejeon, Korea Chunjian Zhang (Fudan University)



Imaging by smashing method

Take a snhapshot Evolution Measurement

Nuclei collisions T, (7 = 0) 0,T" =0, EOS, viscosity...

s

-
Pressure-driven expansion of

— >
Quark-gluon plasma (QGP)

free-streaming

A 4

& o
T~ 2Ry/T ~ 0.1fm/c T ~ 10fm/c T~ 10%fm/c

exposure expansion detection

Large entropy production enable a semi-classical description
« Initial condition is a fast snapshot of nuclear structure (<0.1fm/c)
« Transformed to the final state via hydrodynamic expansion J. Jia et al,, Nucl. Sci. Tech 35, 220 (2024)

» Reverse-engineer to infer the snapshot, aided by large information output

Ability to image «—— Understanding of the QGP
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Imaging by smashing method

Take a snhapshot Evolution Measurement
Nuclei collisions T, (7 = 0) 0,T" =0, EOS, viscosity...
: e
Pressure-driven expansion of free-streaming
L — > >
Quark-gluon plasma (QGP)
> o
T~ 2Ry/T ~ 0.1fm/c T ~ 10fm/c T~ 10%fm/c
exposure expansion detection

PO observables

p('f', 07 ¢) - 1+ e(r—R(@,(,ﬁ))/ﬂo

d*N ,
— N o —ing
dbdpy (pr) (27; Vae )
Event-by-event linear responses:

d R
ab initio theory/shell model/DF T size & sha pe RO CLO IB n [[ppzi] x — = L Vn X gn
T L

B2 —» quadrupole deformation
Bz — octupole deformation
Y — triaxiality

a9 — surface diffuseness

Ry —> nuclear size

Key: 1) fast snapshot (yoctoseconds), 2) linear response, 3) large multiplicity for many-body correlation

May 25-30, 2025, INPC2025, Daejeon, Korea Chunjian Zhang (Fudan University)
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STAR detector at BNL

T P C

RHIC energies, speci binations and luminosities (Run-1to 95
U

am"  STAR detector provides

1) Large/uniform acceptance, better centrality resolution

2) Sufficient statistics for emitted final-state hadrons

3) Different collision systems: U+U, Au+Au, Ru+Ru, Zr+Zr, O+0O ...

8 9 12 15 17 20 23 27 39 54 56 62 130193200410500510

Center-of-mass energy ‘JsN_\ [GeV] (scale not linear)

Chunjian Zhang (Fudan University)



Nuclear structure in heavy 238U nucleus

B PO
p(r,0, ) = 1 er—R6.0))/an

R(0,¢) = Ry (1 + B2 [cos1Ya0(8, @) + sinyY55(0, ¢)] + B3Y30(0, #) + BaYu0(6, $))

) 77T \ ]
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Imaging nuclear shape in high-energy snapshot as a novel way

* Nuclear shape in intrinsic (body-fixed) frame not directly visible in the lab frame
--Mainly inferred from non-invasive spectroscopy methods.

Quantum fluctuations in orientations c E= W2 JJ + 1)

: 2/
‘ ‘ ‘ 6* 0.307 MeV
4* 0.148 MeV
Time scale: 7 2 I/ ~ 10°-10* fm/c Coherent supe,pos,,,on of 2" 0.045 MeV

o+

wavefunctions probed at low energy
Rotational band of 2®U

1 fm/c = 3 x 1072* seconds
=3 x 10 attoseconds

= 3 yoctoseconds
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Imaging nuclear shape in high-energy snapshot as a novel way

## T5VINPC2025 @ @

Nuclear shape in intrinsic (body-fixed) frame not directly visible in the lab frame
--Mainly inferred from non-invasive spectroscopy methods.

Quantum fluctuations in orientations H2JJ +1)

; - L) STAR, Nature 635, 67-72 (2024)
,,,,,, € ‘ a 8 201 Mo https://www.nature.com/articles/s41586-024-08097-2
e«\od 4 0.148 MeV
\,o\e° Time scale: 7 2 I/ ~ 10°-10* fm/c Goheceriksuperposilion:of. 2 0.045 MeV
wavefunctions probed at low energy 0 . P a C rO S S e n e rg y S Ca I e S
Rotational band of “*°U
d e f Body-body: large-eccentricity large-size
a\‘K’Q\ uon g\asma a“_g\uo“ p\as‘“"
V2/l pT\‘
U o (. % Tip-tip : small-eccentricity small-size
Body-body 3
figurati ndy Y x a\ Pt
configuration T<. > e 6,9 gma! I<} \_a\'ge vzsﬂ\ VZ\‘ pT 7
Boosted to Pressure-driven Particlization and
relativistic speed I' > 100 hydrodynamic expansion free streaming STAR 0-0.5% centrality
,g\uonv‘asm + ' U * U
| sl # < Au+ Au

Cc -

Tip-tip I
configuration .

1 fm/c = 3 x 1072* seconds

- \ / Y I O
e 3 S ~ L Q0
9
~  gmal® 4+ M
- -6 I
=% 10 ctioeeconde Time scale: ¢ ~ 2Ry/I" ~ 0.1 fm/c £~ 10 fm/c £~ 10" fm/c ! 0.2 <pr <3 GeVic
= 3 yoctoseconds :

exposure expansion detection 7 _0i16' _0'05 . '0 005 0.10
8p-/(loy))
Shape-frozen like a snapshot during nuclear crossing (10-2°s << rotational time scale 10?s)

probe entire mass distribution in the intrinsic frame via multi-point correlations

May 25-30, 2025, INPC2025, Daejeon, Korea
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https://www.nature.com/articles/s41586-024-08097-2

Ratio of observables
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Elliptic flow and size fluctuation are enhanced by the nuclear deformation effect.

Ratios cancel final state effects and isolate the effects of initial state/nuclear structures.
— U deformation dominates the ultra-central collisions (UCC)

May 25-30, 2025, INPC2025, Daejeon, Korea

G. Giacalone, J. Jia, C. Zhang, PRL 127, 242301(2021)

Chunjian Zhang (Fudan University)




Imaging shape of the ground-state 238U: #, and y

a
0.2 <p;<3GeV/c
. L
/§ 15 L —@— STARdata 5
s |~ Hydro,, =028,7,=0°
> o -
@ I  — Hydrop,;=0.25y,=0 .
1] | L
€ ol 290 0.0 9.7 ..
1 1 1
40 20 0

Centrality (%)

15

1.0

R(5PT)2 = «SPT)z)u/ ((SpT)z)Au

1 1

40 20 0
Centrality (%)

Rzso, = (V3001 (V3P A,

40 20 0
Centrality (%)

ORTD
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Imaging shape of the ground-state 238U: #, and y

0.2<p; <3 GeV/c " .
L 0-5% centrality

Sufficient precision is achieved

,S: 1_5'_ —@— STARdata n ® sl ) . L.
S [ ekttt e — [ from ratios in ultra-central collisions
& r = TE = % STAR data
\||/ K : — Hydroy, = 00
C | ® o0 oo 0® 1ok — gzgzz:g Relation confirmed from hydro

I i —— Hydro y, =20°

B ' o .' ; 2 2

® Centrazl:iy(%) ’ ’ o £y o <'U2> = a —|_ b]_/Bz

<(5PT)2> = ay + b33
<v§6pT> = a3 — b3f cos(37)

15 -

1.0

Riep,ye = (BP0 )/ (BP0,

1 1

40 20 0 0 0.05 0.10
Centrality (%) B

Rsp. = (V§59T)u/ (ngﬁ;\u

40 20
Centrality (%) ﬂgu
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Imaging shape of the ground-state 238U: #, and y

(B2 EPD) Ay

R,y

(VB3P (VB8P 1),

Rz,

1.0

1.5

-
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|
N

0.2 <p;<3GeV/c
| —@- STARdata

|l — Hydrop,,=0.28,y,=0°
I  — Hydrop,,=0.25,y,=0°

e e e o0 0® 10

0-5% centrality

....... STAR data
— Hydroy,= 0°
—— Hydroy,=10°
— Hydroy,=15°
—— Hydroy, =20°

1 1
40 20

1
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0.10
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b e
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40 20 0 0 0.05 0.10
Centrality (%) ﬂgu
f

40 20
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" 1
0.04

0.35

0.30

0.25

Model constraints
From sz

From R(sp,)z

From Rz,

Confidence contours at
10%, 30%, 60% and 90%

From R(“PT)Z RngPT

0

5 10 15 20
1y ()

Sufficient precision is achieved
from ratios in ultra-central collisions

Relation confirmed from hydro

(v3) = a1 + b1 3
<(5PT)2> = ag + by 35

(v3dpT) = a3 — b3 cos(37)

High-energy estimate:

Bay = 0.286 + 0.025
YU = 8.5° +4.8°

Low-energy estimate:
Boy = 0.287 4 0.007
’)/U — 60 _ 80

Chunjian Zhang (Fudan University)



Probing octupole deformation in 238U

Octupole deformation enhanced atomic EDM moment

SATR measurement model prediction
10_3 —' ' I ' ' ' I ' ' ! I ' ' M I — T T T T I T T T T | T T T T
Lo i - 1.6 IP-Glasma+MUSIC+UrQMD —
e P ] g B,=0.00, B,=0.09 -
. § - g== p,=0.05, ,=0.09 | From Peter Butler
E e " e, . [33=0.10, [34=0.09 |
o 8 TP, » -~ p=0.15, B,=0.09
) - "\% - 14 & wemen 2010, B=0.00 |
‘ & : 3 4 n
o \ - : ni<1,0.2<p_<3 GeV/c
o - /\D /\< H T
STAR Preliminary 2=
104 == Au+Au 200 GeV - Lo
: = J4U 193 GeV ] centre of mas centre of charge
I o —
| 0'2<pT<12 GeV, °'1<l'“a’“c>1 C. Zhang, J. Jia, J. Chen. S. Chun, L. Liu, 2504.15245
60 40 20 0 0'""7 1 ! ! 1|0 ! ! | ! 2|0 | 1 | !
vz is fluctuation driven, expect in central finite size and shape of nucleus breaks the symmetry
2 2
(v3) o <53> ~1/A Higher sensitivity via Schiff nuclear moments in heavy nuclei

. . i . I
mass number rigid per-shape or octupole vibration?

Nature 497, 199 (2013); Rev. Mod. Phys. 91, 015001 (2019); Rep. Prog. Phys. 80, 046301 (2017);
L ] Ann. Rev. Nucl. Part. Sci. 69, 219 (2019); The 2023 Long-rang plan for nuclear physics
STAR manuscript is in preparation.
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Nuclear structure in isobaric °°Ru and %Zr nuclei

_ Po
o0, ¢) = TR —
Ro-R,

R(0,¢) = Ro (1 + B2 [cosYY2(0, ¢) + sinyY22(0, ¢)] + B3Y3,0(0, @) + B1Ya0(0,9))

large B, ry, larger B3z with large uncertainties.
B> Ey (MeV) Bs E;- (MeV)
*Ru|0.154  0.83 - 3.08
°Zr [0.062  1.75  [0.202,0.235,0.27 | 1.90

Evidence of static octupole moments at low energies is rather sparse.



. _ . O u Tt Oss u ’
Nuclear structure via collectivity v, ratio O%R +@%R =1
Zr Zr

v, Ratio 5 21 0.2% v3 Ratio 5 21 0.2%
(@) T T T [ T T T T T T T[T T T 1 (@) T T T [ T T T 1 T T T[T T T T
= | -Vyn /Voy STARData | | 1= | IR 1
g o E e _
o®® %°,
14 Lo i = ®oge T oo B
: ! Lo i %o rooor 7
- oo - 'oo.. R .
| STAR Preliminary + ] - XV 1
[ V.. - o | -
C e® 0.95l- o L U -
1.05- | :.'.'? 4 99 sTAR Preliminary ' %, ]
i Ny A T i e ]
Yy A T A
_...oo'““'ooo...“.“...;o. : : : : : - V3p, /Vsz STAR Data : : §°°: ¢ + :
e ke 0.9F A
1 1 1 1 | 1 1 1 1 | 1 1 :I I:l: 1 :I 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 :I I:l: 1 :I 1 1 ]
0 100 200 ffI_300 0 100 200 ﬁr300
Noe - (nl<0.5) No - (Inl<0.5)

- IR\ T Toy LN - W Al \ay 25-30, 2025, INPC2025, Daejeon, Korea Chunjian Zhang (Fudan University)



Nuclear structure via collectivity v, ratio

O%Ru -+ OgﬁRu r
O%Zr + O%Zr N

v, Ratio

5 21 0.2%

Ratio

r 'e' V2,Ru /V2,Zr AMPT Bz

1.1

| STAR Preliminary

1.05

T T T T T T T .|. T T T T
L 8-V, /Vaz STAR Da{a

0 100 200

v Ratio 5 o1

0.2%

Ratio

() RO

| .
095 sTAR Preliminary \

" —@Vyn, /Vas STARData
i _e_ VS,Ru /VS,Zr AMPT ﬁz :
0.9 |

I
0 100 200 300
(

C. Zhang and J. Jia, PRL128, 022301(2022); J. Jia, C. Zhang, PRC 107, L012901(2023)
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2
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Boru~ 0.16 increase v,, no influence on

Vs ratio

Baru = 0.16 £ 0.02

AB;  ABs

difference

Aao ARO

0.0226 -0.04

-0.06 fm 0.07 fm

Current estimation is from transport model

Chunjian Zhang (Fudan University)




Nuclear structure via collectivity v, ratio 5, ——5.

O%Ru -+ OgﬁRu r

.9 T T T T | T T T T { T T :I T : | : T :I T T -9 T T T T | T T T T T T :I T : | : T :I T T
-|C—Ul - +V2,Ru /V2,Zr STAR Da a , L \ — .‘(_6' | [
o [ © Ver [Vaoz AMPT B T 1 CC |

- B Vory /Voz AMPT 32,3 E E E E . 1 i, RO -~y . . : ......

1.1 S 7= Co
" STAR Preliminary | ]
0.95F .

1.05 . STAR Preliminary

" —8-V3p, [V STAR Data
[ O Vapu/Vaz AMPT B,
0.9 B Vapy /Vaz AMPT B

0 100 200 300 0 100 200 300

NoF"™ (Inl<0.5) N (Inl<0.5)

* Direct observation of octupole deformation in °®Zr nucleus

C. Zhang and J. Jia, PRL128, 022301(2022); J. Jia, C. Zhang, PRC 107, L012901(2023)

Boru~ 0.16 increase v,, no influence on
Vs ratio

Bsz,~ 0.2 decrease v, in mid-central,
decrease v ratio

Bory = 0.16 +0.02 |83,z = 0.20 &= 0.02

A,B% AB% Aao ARO

difference

0.0226 -0.04 -0.06 fm 0.07 fm

Current estimation is from transport model
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Nuclear structure via collectivity v, ratio 5, ——5.

O%Ru -+ OgﬁRu r

v, Ratio 5 21 0.2% v3 Ratio 5 21 02%
.C% - 8- Vyp, /Vaoz STAR Da{a E E | E E . -'% | Lo
o [ © Veru/Vez AMPT B, L E E 1

<

- B Vop, [Voz AMPT B B | "
1.1 % Voru /Voz AMPT 32’3 a, N

| STAR Preliminary

0.95

| STAR Preliminary

" —-V3gr,/Vsz STAR Data

i _e_ VS,Ru /V3,Zr AMPT BZ
0.9 & Vsp, /Vaz AMPT B
- - Vap, [Voz AMPT B a

1.05

0 100 200 300 0 100 200 300
Noffllne

N (Inl<0.5) oM (Inl<0.5)

* Direct observation of octupole deformation in °®Zr nucleus
* Imply the neutron skin difference between °°Ru and %¢Zr

C. Zhang and J. Jia, PRL128, 022301(2022); J. Jia, C. Zhang, PRC 107, L012901(2023)
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Boru~ 0.16 increase v,, no influence on

Vs ratio

Bsz,~ 0.2 decrease v, in mid-central,
decrease v ratio

Aay=-0.06 fm increase v, mid-centra
smallimpact on vy

L

/82,Ru = 0.16 =0.02 Bg,zr = 0.20 +=0.02
- AB;  AB3 Aag ARG
difference 5500 e—5 04 7-0.06 fm [0.07 fm

Current estimation is from transport model

May 25-30, 2025, INPC2025, Daejeon, Korea Chunjian Zhang (Fudan University)




B} . . . O,y + Osery
Nuclear structure via collectivity v, ratio O%R +@%R =1
Zr Zr

v, Ratio 5 21 0.2% v3 Ratio 5 21 0.2% Bor,~ 0.16 increase v,, no influence on
LI BB B W L .
R V4 ratio

T T T T | T T T T T T T T | T T T T
- -V, /Voz STAR Da{a ! L §
L O Vory [Voz AMPT B Lo g L N

‘_E_V2RU/V22rAMPTB 2 E E E E 1 S [oxige = 7 S " ke D
1_1_—.—v2Ru/v22rAMPTB 3 P Sved : ~
_’_VZRU/VZZrAMPTB

| STAR Prellmlnary

Ratio
Ratio

Bsz,~ 0.2 decrease v, in mid-central,
decrease v ratio

0.95[

" STAR Preliminary Aay=-0.06 fm increase v, mid-central,

smallimpact on vy

1.05

[ —8-V3p, /Vsz STAR Data

i ‘e‘VSRu/VserMPTf’

0.9F B Vapy [Vaz AMPTB -
- _._VSRU/V:BZrAMPTB 0 Lo
_’_VSRU/VsZr AMPT 523 oR : : : : 4
1 1 1 1 | 1 1 1 1 | 1 1 :| |:|: 1 :| 1 1 1 1 1 1 | 1 1 1 1 | 1 1 | 1 | 1 | 1 1

0 100 200 i 300 0 100 200 i 3
NCine” (jni<0.5) NCfine” (jni<0.5)

Radius ARy = 0.07 fm only slightly affects
vV, and v ratio.

* Direct observation of octupole deformation in °®Zr nucleus
* Imply the neutron skin difference between °°Ru and %¢Zr
 Simultaneously constrain parameters using Bayesian analysis

Bory = 0.16 +0.02 |83,z = 0.20 &= 0.02

ORu 2 2 : ABs AB2 Aa AR
Ro = 81+ c1ABZ +caABE + c3sARy + calla P 3 0 0
- 1853 + €200 + calilip + 4 difference - 5506—0.04 [ -0.06 fm [0.07 fm
C. Zhang and J. Jia, PRL128, 022301(2022); J. Jia, C. Zhang, PRC 107, L012901(2023) Current estimation is from transport model

May 25-30, 2025, INPC2025, Daejeon, Korea Chunjian Zhang (Fudan University)
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Benchmarking tomography of many-body correlation in 1O

from one-body distribution to many-body nucleon correlations

1+ w(r?/R?)
T o)

» first-principle ab initio framework

p(r) o

“for his prediction of the existence of mesons
on the basis of theoretical work on nuclear forces”



Geometric tomography of 10O nucleus

O+0 run2021: 600M MB and 250M HM events

£o{4} |e,{2} from three models:
1. WS is away from STAR data.

1.0 l T . 2. VMC and EFT have a visible difference.
- 0+0 |s, = 200GeV . _ o _
B ® V{4, 2-sub.Jv,{2,IAn>1.0, subtracted} i Can many-r!u_cleon com:zlatlons significantly impact
~ g the eccentricity fluctuations? YES!
Svel STAR Preliminary |
<% & - | .. .
I = 1 VMC and EFT theory have visible differences
K e —————— _ describing the v,{4}/v,{2}. The interplay between
~N L _ sub-nucleon fluctuation and many-nucleon
el PHOBOS Glauber |  correlation.
= STAR, PRL130, 242301(2023)
< — AFDMC _
> L ef8)e 2} NLEFT |
i — 3pF fitto AFDMC |
------ 3pF fit to NLEFT
0.4— 1 1 Lo 1 | 1 1 Lo 1 | ~
10
NLEFT is from Dean Lee.
(va{2})” = ca{2} = (v}) e2{2}* = (e2)
2 2
(va{4})! = —ea{4} = 2(2})" — (v}) e2{4}" = 2(e2)” — (e2)

i# 151 INPC2025 @ &

May 25-30, 2025, INPC2025, Daejeon, Korea Chunjian Zhang (Fudan University)



Geometric tomography of 10O nucleus

O+0 run2021: 600M MB and 250M HM events; dAu: 70M MB

VA4V {2He{4) e,{2})

—
o
|

o
©
|

o
-t
-t
oy
ym
lllllllllll
LB
lllllllll

PHOBOS Glauber
— 00 VMC

----- OO NLEFT

[ e OO 3pF(VMC)

u STAR Preliminary =" C?SA 3PF(N|—EFT)

04—

o
o
|

lllll 1 1 lllllll 1 1

1 Centrality(%)
(va{2})? = ca{2} = (42)
(va{4})* = —ca{4} = 2(02)" — (v?)

e2{2}? = (&3)

e {4}t = 2(e2)” — (eh)

£o{4} le2{2} from three models:
1. WS is away from STAR data.
2. VMC and EFT have a visible difference.

Can many-nucleon correlations significantly impact
the eccentricity fluctuations? YES!

VMC and EFT theory have visible differences
describing the v,{4}/v,{2}. The interplay between
sub-nucleon fluctuation and many-nucleon

correlation.
STAR, PRL130, 242301(2023)

Geometric scan elucidates nuclear tomography
and strong nuclear force?

NLEFT is from Dean Lee; VMC is from PRC97, 044318 (2018)

more ab-initio/macroscopic model inputs are also needed.

Current O+0 and d+Au at RHIC and p+0O, O+0O and Ne+Ne at LHC Run2025

i# 151 INPC2025 @ &
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Conclusions and Outlooks

1. Intersection of nuclear structure and hot QCD across energy scales:

— better control variation of the QGP initial conditions
— a novel way to unveil nuclear structure across energy scales

2. The signatures of nuclear structure in nuclear collisions are ubiquitous:

— constrain 8, and observe y shape in ground-state 238U: Boy = 0.286 £ 0.025 yy = 8.5° +4.8°

— observe large S5 in %Zr, a, difference between isobaric %Zr and %Ru
Boru = 0.16 £ 0.02| |83z = 0.20 == 0.02

AB% AB? Aao ARO

difference 0.0226 -0.04 | -0.06 fm 10.07 fm

3. Many potential applications from large to small heavy-ion collision systems :

— high-order 3 and , nuclear deformations (rigid/vibration )
— rigid and soft y (shape fluctuations/coexistence)

— neutron skin
— nuclear cluster in light nuclei (i.e.0 and 2°Ne) at RHIC and the LHC
— nucleosynthesis, nuclear fission, neutrinoless double-beta decay
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Thank You,



Activities for intersection of nuclear structure and high-energy nuclear collisions

Recently organized activities from 2022: Intersection of nuclear structure and high-energy nuclear collisions:
2025 Program and Workshop, link

RBRC workshop Jan 2022, link
EMMI Taskforce May&Oct 2022, link

ESNT workshop Sep 2022, lin

INT program Jan-Feb 2023, link
link

Dalian workshop Aug 2023, lin

Beijing workshop April 2024, |

K
n

K
ink
link

CERN workshop Nov 2024, li

Continue the efforts to further constrain QGP initial conditions and nuclear structure across energy scales.
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https://indico.bnl.gov/event/13769/
https://indico.gsi.de/event/14430/
https://esnt.cea.fr/Phocea/Page/index.php?id=107
https://www.int.washington.edu/programs-and-workshops/23-1a
https://indico.ihep.ac.cn/event/17999/
https://indico.ihep.ac.cn/event/20877/
https://indico.cern.ch/event/1436085/timetable/
https://napp.fudan.edu.cn/event/45/
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Surprise finding reveals
mitochondrial ‘energy factories’
come in two different types

A method to take snapshots of exploding nuclei could hold clues about the fundamental

properties of gold, uranium and other elements.

By Elizabeth Gibney
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Mitochondria divide to share the load when nutrients are scarce — plus, how smashing
atomic nuclei together helps identify their shapes.

Chunjian Zhang (Fudan University)


https://www.nature.com/articles/d41586-024-03466-3
https://www.nature.com/articles/d41586-024-03633-6
https://www.nature.com/articles/d41586-024-03646-1
https://www.bnl.gov/newsroom/news.php?a=122119
https://www.nature.com/articles/s41586-024-08097-2

Viscosity, nuclear parameters, and model variations

STAR, Nature 635, 67-72 (2024) 2) Effect from nuclear parameters are small, included as model systematics.
https://www.nature.com/articles/s41586-024-08097-2
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Nuclear structure is inherent of heavy-ion probes
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