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Shape of nuclei
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Shape of nuclei
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s How the shape/size/skin evolves along 1sotopic chain
= Strong test on nuclear structure model

Energy (MeV)

m Octuple (pear-shaped) deformation .,
= Octupole correlation or static deformation
= Strong test on EDM effects
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Have large uncertainties.

= shape coexistance
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Use shape imaging in heavy-ion collision to help?



Nuclear structure vs HI method
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s Shape from B(En), radial profile from e+A or 1on-A scattering

«rotational» spectrum
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s Probe entire mass distribution: multi-point correlations
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Flow response to probe the nuclear structure
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Evidence of deformation in U+U vs Au+Au ™

https://indico.cern.ch/event/854124/contributions/4135480/

Large deformation in 238U
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Shape of the initial state in HI

Body-Body En = ene™® oc (re™?) Tip-Tip

O O O

82~095BZ £2~O48BZ £2~O

shape of overlap = shape of nucleon dist. projected along Euler angle Q=¢@6y
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Parametric dependence
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Isobar collisions as precision tool

s Unique running mode of RHIC and STAR to minimize the
detector systematics

= 0.4% precision 1s achieved in ratio of many observables between
two isobar systems=> precision imaging tool

?

A key question for an Ox4x
yq Y| 2522 = 1| 4,45 6 4y 44y

HI observable O Ovy.iv

Deviation from 1 must has its origin in the nuclear structure, which is
reflected by the initial state and then survives the final state. A precision tool
to study initial state and final state responses

s Many such pairs of 1sobars in the nuclear chart.
= Small system isobar such as 10B and 10Be.

= Large system isobar up to 250Cm and 250Cf = =pt¥Ba 5

A new handle to probe
heavy ion physics
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Isobar collisions as precision tool

s Unique running mode of RHIC and STAR to minimize systematics

= 0.4% precision is achieved in ratio of many observables between two isobar
systems—> precision imaging tool

?

A key question forany | Ox+x * .
HI observable O Oyty

AX 4+ vs Y +4Y

Deviation from 1 must has its origin in the nuclear structure, which is
reflected by the initial state and then survives the final state. A precision tool
to study initial state and final state responses
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Glauber results: N, dep
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Glauber results: scaled

AR dep Aa dep AB,? dep
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Verifies the relation: 1 + c; AB5 + coAB; + c3Aa + c4, AR




AMPT results: scaled
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Scaling approach to nuclear structure

ORu
OZr

Works well for most single- and two-particle observables:
v2,v3, p(N), but also <p;>, <dp,2>
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s Determine ¢ once, and predict ratios for other parameter values.
» Constrain parameters via y> analysis or Bayesian inference.

= Generalize to multi-particle observables:--



Compare with isobar data

from Chunjian Zhang DNP STAR talk
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7 Large ; g,

Large 37

Use these ratios to probe shape and radial structure of nuclei.
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Nuclear structure via v _-ratio

Ru gy R=509Mm s [(,z,~0.16 increase v,, no influence on v, ratio

a=0.46 fm
Ba = 0.162

Al s diffu. Aa;=-0.06fm increase v, mid-central, no influe. on v;.

Quadrupole B;,,~0.2 decrease v, in mid-central, decrease v, ratio

o6 = Similar study by Haojie et.al.
Zr *Zt  R=502fm . : ,
M =052 fm = Radius AR,=0.07fm only slightly affects v, and v, ratio.

Octupole £

By = 0.06
By = 0.20 — 0.27
J. Jia, aXiv:2106.08768
5 21 0.2% 5 21 0.2%
@) T T T T T T T T T T T T 1 L L T T T T T T T T 7 1
= | V,q/Vo, STARData = | ] -2 Coh T ]
g - - VoRu /szwo"\/”:’-rl3 g i

- B Vor, [Voz AMPTB
1.1 Vora /Voz AMPTﬁ 3

- Vore /Voz AMPT B, @, Ry i
| STAR Prellmlnary '

1.05 0.95

STAR Preliminary

[ —8-Vgp, /Vsz STAR Data
[ S ViR /V32r AMPT B

1 - 09 _E_VZRU /VZZr AMPT BZS 1 [ 1 1
i - - Vip, [Vaz AMPT B o R 1
_’_VSRU/VSZrAMPTB Ro : : : : .
1 1 1 1 I 1 1 1 1 I 1 1 | 1 l 1 | 1 1 1 1 1 1 I 1 1 1 1 I 1 1 | 1 l 1 | 1 1
0 100 200 - 30 0 100 200 » 300
NCTie” (11<0.5) NS (11<0.5)

Simultaneously constrain these parameters using different N, regions
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Nuclear structure via p(N,)-ratio

%Ry R =509 fm

i a=0.46 fm — : : 1 1 —_~
Quadrupole / e s [,z,~0.16 decrease ratio, increase after considering 3;,,~0.2
A0 m  The bump structure in non-central region mostly sensitive

o to differences in surface diffuseness Aa, and radius AR
Zr %Zr  R=5.02fm

a=0.52 fm
Octupole By = 0.06
B = 0.20 — 0.27
J. Jia, aXiv:2106.08768
5 21 0.2%
N T T T T I T T T T I T I T o

¢ - —e— STAR data x 1.015 |
£ x

5= - > AMPTB, _

Pt - —= AMPTp .
~~ 23

X 1.05 = AwmPT B, % 7
& i ]
£, ~~ AMPT B, a,R, |

E‘i—'

= ]

. | ) L e
200 300
Noffllne (|n|<05)

trk
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Nuclear structure via p(N,)-ratio

R =5.09 fm
a=0.46 fm . b : :
- ~0.16 decrease ratio, increase after considerin ~0.2
Quadrupole By = 0.162 B 2Ru > g B 37Zr
B0 m  The bump structure in non-central region mostly sensitive

-7 to differences in surface diffuseness Aa, and radius AR,
r R=5.02fm
™ =052 fm m All these trends are quantitatively reproduced by Glauber

. P2 =0.06
B3 = 0.20 — 0.27
5 2 1 920/0 T T T T I T T T T T T T ] T T T
acf“N . e STAF|% data x 1.015 | ‘ ‘ | | > STARdatax1.0275 { .‘ 1
5% | o AWPTP - 14 PSR b
Z 2 | B
k= - = AMPTB . I e )]
e 23 23 0 { .
21.05- = AwPTp_ a A - B aR, - M ]
@é - ’ ] - : t a
£ o 4 AMPTE, 30 R | 1.05- {.+++- ﬁ |
Q_+= ' — | °
p e m ]
N . - ipadopnetiinseriey it 1
= i - ‘,ﬂq»?'f'f’g‘ it 'ﬂ’"mmml it i
{eeao Rt EaoosBl FF Nely/MNea T i l'..q?"'. it sttt .,.¢o»:.,.+t+wwt*mﬁw*ﬁﬁ I
Y Ty Lo Tz fosasisiott R e L fip —
| : R +*+ :
] I i 1
- N I v
| N 095 I +‘ —
| | | | | | | | | | | L A R o '\H -
0 100 200 300 o
Nofﬂine | | O 5 0 100 200 300 N
trk ( n <VU. ) ch
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Structure via radial flow: <p> & its flucs. °

R =5.09 fm . . 5[pT] 5dJ_
@=046 fm m  Glauber model is used by assuming X ——
\ By —o0.162 [pT] d,
T P3~0

= Variance: B,;,~0.16 increase ratio, 3;,~0.2 decrease it
*Zr  9Zr  R=502fm

e s  AMPT has wrong <pT> responses, only for qualitative info

By = 0.06 = R,anda plays most important role
Bs = 0.20 — 0.27
<pT> variance <pT> mean
5 21 0.20/0 = T T T T T T T T I T T :I |:|:| :I T
-9 1 2_ T T T ‘ T T T T ‘ T T :\ T : |: T :\ T T ] /Q\-lr\—‘ | —o— AMP-IJ Bz
T 7+<8pi>/ (pT)2 Ru/Zr Data | R —&— AMPT 32’3
- - -~ Glauber estimator [32 4 /\E
: Lo o
- - Glauber estimator 3 I } ~
: o %{D : 1.002
14 STAR Preliminary e o
' P +
I OQO oo‘¢ |
i OOQO | .o’ [ﬁ[b[g i
, o T i
OOO o Dm L 0]
: Soos o
o o &
1-e ey, ...DDD """"" S —
L DD[] .....O.....DD i
i Ny Ry |
‘ L L N AR AL
0 100 200 300 0



Probing the Neutron Skin

i Neutron skin: Constraints from structure and low-
0 energy heavy-ion experiments
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p= 1+ e~ (r-Ro)/a Arpp = <7'31,>1/2 - ("'2>1/2

p Analyses of Terrestrial Experiments
A A 404 1 304.3368
=1 1904.12269 =1 PRLB7082501
. a n - a n % and IAS +n-skin Isospin
SE——=>p EfFE===. .
o P 3 N P j -
\ \
. \ﬁ’ ﬁ> [
skin-type halo-type

120

80

Related to the EOS of symmetry energy,
in particular the slope parameter “L”

L(p,)/MeV

404

E(p, @) = Esxm(p) + Bsym(p) & o = (pu — pp)/p =
1
Esym(p) ~J+ Lz + E-Kvsymmz T

= ([) - psat)/3/)sa‘t
Fundamental importance in nuclear and astro-physics

04F —-zrsLy4 “\ .
[ —-RuSLy4 \\ ]
. . . . - [ Zrws 1
Distribution has more sophisticated form,  oosf - ruws \\ 3
but typically parameterized with WS N
1.2 T
1 :_r:g;_a?___§.~<= S },\_;; ______ ~
0.8 S




Hydro-response to Neutron skin

Sensitive to L parameter via hydro response:  (p.) ~d. = y/Npart /51

Soe4F T T T T T T T T T = L L
E I ] E:\% 1.01 [ —Le20 (b)
=~ — Lc47
£0.63 .
- — Lc70 E
B(p, @) ~ Bysa(p) + Fopm(p) - 02 I |
1 I 1  1.00sF .
Egm(p) =~ J + Lz + EKsym$2 0621 ] I |
a = (pn— pp)/p ool o] - _
xr = ([) - psat)/gpsat : i T
1k i
ol vt ] N T Y S
20 40 60 80 20 40 60 80
Centrality (%) Centrality(%)

Insensitive to final state effects, direct probe of the initial state:

~10——1F7— 10777
1.010 - 1|
— Xu et al, 2111.14812  Guliano| & Led7 (©) F | ¥ (d)
1.008 | EE FluiduM O(Y/s),,,,,=0-025 Ols) =0.04
o r —(Q/s)max=0.052(DefauIt) 1 - —(n/s)min=0.081(DefauIt)
= O (Us), =01 | - O(ws) =016
= 1.006 | 1.005 |- O O 4 1.005
— 4
£ 1.004 ]
o~ O
g ]
1.002 } ]
1 - 1 -
1.0004 10 20 30 10 ]
NRTTT PR S SR I T TR SR AN SR S S N S S PR ST SR NN SN SR TR ST ST SR S N S S
centrality () 20 40 60 80 20 40 60 80

Centrality(%) Centrality(%)
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Skin by peripheral isobaric collision

Enhanced skin contribution in the
collisions reduces net charge

Rpo = AQRuRu _ gruru + @/ (1 — @) OEZS_' ! ! _(;35'3
°7 N7z qzm+a/(1-a) Q. | U s
@ =~ —0.352 is net-Q ratio in nn vs pp collisions Oé \i\\ | = Le47
J<11L ol }\ NQ Lc70
Large neutron skin of 96Zr % \+3\k\+
. vy L N
Is sensitive to L parameter T t;\\
151 ﬁ*“¢$\\
' RIS
X AN
i SR
i A
1-. | |




A direct link to Neutron Skin .
3 , 7 ><1+_ZIB2> %%\

Using relation for WS: F°={()~ (gR% + s 7a

|||||||

Neutron skin expressed by R and a parameters for nucleons and protons:

9 9 2 2 2
n S ECE 3(RG—Rg )+ 77" (a”—ay) N2y
np

" R(6+1) \/_RO\/1+7§ ez (1+0+55 %, 52)

The difference between two isobar can be expressed as

Tt a® (AY | v Aa  ARg
AY 3}?3(2 +Y a RO))

VISRo(1+6+ 225 %, B2)
where Y = 3(R2-R3 ))+7r%(a*-a?) Az =1 -x2 T = (21 + 22)/2

A(Arpy) = Arpp1 — Arppa =

Can obtain skin diff. from AR, Aa for nucleons and known AR, Aa for protons

Example:

T Ru L7 Direct calc.:  A(Ar,,)=0.0296 fm — 0.1606fm = -0.1310fm
R a R a
T sms oss sos oss  Formular A(Ar,)=-0.1319 fm

p+n 5.067 0.500  4.965 0.556



How to do system (isobar) scan
(e5) = 1.3/A+0.23p; e,-B, plot
<€2> — CL/ - blﬁg 0-1% centrality
9 9 0.03 Glauber model

In central collisions
! 2 0.01 S ==
a = <82>|ﬂ2:0 x1/A —

0.02

31

208 g
a:<v§>‘ﬂzzoocl/A L

b’, b are ~ independent ot system

Systems with similar A fall on the same curve.

Fix a and b with two isobar systems with known 3,
then make predictions for third one

Similar approach also works for R, and diffusivity.



Application in 197Au+'97Au vs 238U+238U
Collisions at Vsy=193-200 GeV

body-+body

Need to correct for slightly different size: @< 1/A, 7= =

tip+tip

@ U+U

2 _ 2
UQ,Au =QAu T b62

A simple relation for B, and B, :

102

(v2)

-o®

10°

o:‘
o8t

STAR Preliminary
—®= Au+Au 200 GeV

—*—-U+U 193 GeV

Centrality [%]

Suggests |B,|5,~0.18+-0.02, larger than NS model of 0.13+-0.02
Note: 197Au is a odd-mass nuclei, 3, not measured.

a_D
ca B

0.08)-

0.06

0.04— -

2 2
U2,U - CLU + b/BQ

apay 238
=1.21
ay 197
_ 2
T2Ta 1 ﬂ2 Uy
b/ + rv% Au TUS - 2
ay 2,Au
[ T T T T T T | T T T T _]
- BU=O_29 ....... ?uc!tear ................................... T
R = bostructure .o D] IS =
Bu 0.28---structure P
IR
o *L\OQ Lo

I‘| I I I | T T

0-1% cegntrality

g — Hydro ekpectation
- "> ---- Total uncertainty
0.02— =8
1 1 1 1 | 1 1 1 1 | 1 Iv\ 1 | 1 1 1
0 0.02 0.03 0.04 [32

32



Higher-order correlations

A wide range of possibilities, focus only one topic...
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TriaXiaI ity Y R(0,¢) = Ry (1 + Ba[cosyYs o +sinyYs o]

Prolate Triaxial

B2 = 0.25,cos(3v) =1 B2 = 0.25,cos(3y) =0

€2 \I/) R, \L
cov(e%,RL) >0

Probability

34

Oblate
B2 = 0.25,cos(3y) = —1

bodytbody tip+tip
e, R | €, R T
cov(e%,RL) <0

D body-body = 4 body-body
6 E 6’
: T
L [e) L
4f a 4j
2 2t

02B, 0 02B, &R /R, 0.2 B, 0 02B, &R /R, 02B, o0 02B, R /R,
3
((@R1)*) <0 ((6R.)*) =0 ((6R.1)*) >0

cov (v, pr) <0 pr] ~1/R, =d, cov (v, pr) =0

<(5PT)3> >0 <(5PT)3> =0

cov (v%, pT) >0

<(5pT)3> <0




V,%-ps correlation at LHC

B Bally, M Bender, G Giacalone, V Soma 2108.09578

0.4
——Pb+Pb 3 = 0.062, v = 27.04°
=reeXet+Xe F=0.207, v = 60°
0.3r - ==Xe+Xe B = 0207, v = 26.93°
—-=Xe+Xe §=0207,7v=0
0-19‘ Q/ "/. — R(f) (ﬁ)) = Ry (1 + 3 [(‘.OS Y5 o + sin ";Y:_).-g]
>/’ /./ ~QO~ATLAS, Pb+Pb > Er-based

~{)~ATLAS, Xe+Xe Y Er-based

Xe+Xe / Pb+Pb

0.0 R
0.8 A PG\ -
oo QEE O '/E\lﬁﬂ Bob
EE SN w
qogm NN B
-/ — —
. O g "’ /.\.J/
0.6 ’. II ‘/
Lt Rd
II N 7 B > Er-based, 0.5 < p; < 2 GeV
[ ./ [0 3 Er-based, 0.5 < p; < 5 GeV
O 4 LI j 1 1 1
0 D 10 15 20

centrality (%)

m Clear sensitivity to the triaxiality of 129Xe.
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Influence of triaxiality on initial state

N 1.5><1?_3 6d T T T T T T T T T T T ~~ T OI T T T T T T T T T T T T T T T
Skewness super sensitive © ' i <gg_l> T uncetormes 1Sl (o, \F| - wnasomed’ ]
~, i ., d, —o— B,=0.28, cos(3y)=1 (—) +B =0.28, cos(3y)=1
2 1\ = B,=0.28, cOs(31)=0.5 | ﬂ;g
RN : >, - B,=0.28,cos(3))=0 | (31)=-0.
Described by T b RN o p02 cosey=0s | Gr)=-1
8 ’ +BZ=0.28, cos(3y)=-1 & |
I ' st og] [
/ / / 3 Y ,
a'+ (b +c cos(3v))ps
osl  U+U | |
L ‘ ' ‘ _ 100 200 300 400
1bo 200 300 400 "
Npart

variances insensitive to y R «I)) ;22;8_22,222221 0

—+— B,=0.28, cos(3y
—¢— B,=0.28, cos(3y

)
)

—=— B,=0.28, cos(3y)
)=-0.5
)=

_;oo

Only a function of 3, in central

a’ +b BS "

—— B =0,y=0
B =0.28,cos(3y)=1
+B =0.28,cos(3y)=0.71

ﬁ =0.28,co0s(3y)=0.3
+ﬁ =0.28,cos(3y)=0
B2=0.28,cos(37)=-0.3
+B,=0.28,cos(3y)=-0.71
e [32=0.28,‘cos(37)=-1

1 I 1 | 1 | L Il Il 1 | 1 1 1 1 ‘ Il Il L 1 | 1 1 1
300 350 400 450 100 200 300 400

L

Use variance to constrain [3,, use skewness to constrain y
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(B-,y) diagram in heavy-ion collisions

The (3,,y) dependence in 0-1% (€3) ~ [0.02+ 43] x 0.235 p= (a0,

U+U Glauber model can be  ((sd,/d,)?) ~ [0.035 + 52] x 0.0093 (e3)4/ ((dd.1)?)

approximated by: (£26d, /d, ) ~ [0.0005 — (0.07 + 1.36 cos(37)) 3] x 107

Map from ((3,,y) plane to HI observables How about
(v3d[pr]) vs. (v3)

e Y [l ol P VS (D)
o | )

A Z

\ ‘o
Of oY Y A
D ) \‘
0.5 B

0
0.1 0.2 0.3 0.4 I 1 1 1
[32 0 0.01 0.02 0.03

Collision system scan to map out this trajectory: calib. coefficients
with species with known [3,y, then predict for species of interest.



Contrast Glauber model with STAR data ™

[p;] variance [p;] skewness v, [p+] covariance

T T T T T T I T T /\'_ T T T T | T T T l- T T T
STAR Preliminary g s STAR Preliminary — -9 4
. ) — o
10°f e~ Au+Au 200 GeV . “%" 107 g e~ Au+Au 200 GeV E B ]
C i - - 12
B —*-U+U 193 GeV 1 £ " - U+U 193 GeV 4 & 02 s, -
- . ~ B T | ......... | | i
i ] ook - LT O..o.o.....i.. I
- 2 § [ tee,,, | ._q '
. i . ] i e, | | )
i ] o
o~ o ceocoe oo, 0] PP |. |. ........... —
107 o L i - | % | _
— : ° . 3 STAR Preliminary i .L
] - ° ]
- [ ] 4 o N T
] [ . ] | - Au+Au 200 GeV o]
| 108 n=1.49 $ = 02 —*- U+U 193 GeV !0/ !0/ .¢ _
] : ; o 6 3% '
O.2<pT<2 GeV, i1 C 0.2<pT<2 GeV, Inl<1 ] - 0.2<pT<2 GeV, Inl<1 a ! .
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 I 1 1 1 | 1 l 1 1 I I 1
0 200 400 o C600 0 200 400 o C600 0 200 400 o c600
N, (nl<0.5) N, (nl<0.5) N, (nl<0.5)
2 3
5dl ~= >1<L)jr 5dl LA L N R B A 82 5dl \
’18_2 ! l ) di —e— undeformed ] 0.5 L\ <2 d / I !
8 < B,=0.28, cos(3y)=1 g o B,=0.28, cos(3y)=1 . 1 UsU
(@) —=— B,=0.28, cos(3y)=0.5 r —— [32=0.28, cos(3y)=0.5 | 3
= [32=0.28, cos(3y)=0 | | = [32=0.28, cos(3y)=0 i =
| —— [32=o,28, cos(3y)=-0.5 | | —— [32=0.28, cos(3y)=-0.5 -
+— B,=0.28, cos(3y)=-1 i —+— B.=0.28, cos(3y)=-1 | ]| ok
L , 20\ _ V00
N . b —e— undeformed
1% | | 29035555565303€ncs@c66@ o] [ —B,=0.08
C ] i B YN  —=B,=0.15
. i I & 5 , oe98ssa gpgqge -0.5— = [32=0.22
i 1 OFE L _eeesstotestite tetreried - ——PB,=0.28 1
- 1 e R -+ B,=0.34 1
i i e 1 o b 1l
! P PRI B P . I lé \ 100 200 300 400
100 200 300 400 100 200 300 400 Noar

part part

Require high-stat. hydro simulation to quantify the response!



Proton number

nuclear structure shape/size landscapes ~

A lot of possibllities, need to
identify most impactful ones!

B,-landscape

~ Ps-landscape

1~2

[e}

100

80

60- o — known nuclei
T . o S T S S e L drip lines
A o » stable nuclei
40- : s .

100 120 140
Neutron number

180 200

S (fm)

Radii-landscape

53

s
i Y
iLu

55 60 65 70 75 80 85 90 95 100105110

-
D T ] T T T 3 T
m  experiment ]
linear average 106, 116 -3
02 of experiment 45Cd 1
A prediction Eq. (2) 116
B FSUGold 50
o i -

(=]
lIl\ll\IlllllllIlll

Ar, (skin)-landscape
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Thoughts on scan strategy

s  Even-even nuclei (0" ground state) can be compared with Nuclear Structure exp.

= We collided several odd-mass ones & , , X W
A list of Iarge systems 238y 0.286 [9] 0.078 [10] 0.094 [10] [|*°*®*Pb| 0.06 [9] 0.04[11] ?
from RHIC and LHC 97 Au|-(0.13-0.16) [12, 13] 7 -0.03 [12]||"®Xe|0.16 [12] 7 ?

Ru 0.16 [14] ? ? 97r 10.06 [14] 0.20-0.27 0.06 [12]

2102.08158

A isobars A isobars A isobars
. . ] . 36 Ar, S 106 | Pd,Cd | 148/ Nd, Sm
m A partial list of 1sobar pairs ‘0| CaAr |108 Pd,Cd |10 Nd, Sm
= Mapping the nuclear structure 0| mv.ce |a| oan |e| on Dy
within each isobar pair. 54| OnFe 14| Cd 5o 18] Gd, Dy
64 Ni, Zn 115 In, Sn 160 | Gd, Dy
QI 70 Zn, Ge 116 Cd, Sn 162 Dy, Er
= Control system-size depgndence i I ol ot el oo
hydro-response by stepping 76| Ge,Se |122| Sn,Te |168| Er, Yb
. . . 78 Se, Kr 123 Sb, Te 170 Er, Yb
between different isobar pairs 80| Se Kr |124] Sn, Te, Xe |174| Yb, Hf
. . . 84 | Kr, Sr, Mo | 126 Te, Xe 176 | Yb, Lu, Hf
= How to optimize the choices? 86| Kr St |128| Te Xe |180| HfW

87 Rb, Sr 130 | Te, Xe, Ba [184| W, Os
92 | Zr, Nb, Mo | 132 Xe, Ba 186 W, Os
94 Zr, Mo 134 Xe, Ba 187 Re, Os
96 | Zr, Mo, Ru | 136 | Xe, Ba, Ce | 190 Os, Pt
98 Mo, Ru 138 | Ba, La, Ce | 192 Os, Pt
100 Mo, Ru | 142 Ce, Nd 198 Pt, Hg
102| Ru, Pd 144| Nd,Sm |204| Hg, Pb
104 Ru, Pd 146| Nd, Sm
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Future Opportunities

s  STAR proposed to explore such opportunities in the next few years

. . . : 5 days each
= Partl: calibrate systematics with two species around °7Au: 205Pb & !9°Hg oppo?/tunistically

= 208pp vs=0.2 RHIC vs 5 TeV @LHC: Precision on IS and pre-equlibrium dynamics
= 208Pph Vs=0.2 vs 197Au Vs=0.2 TeV: Quantify effects of Au deformation
= 198Hg \s=0.2 TeV: with known B, cross-check the consistency of B, v in 17Au.

= Part2: explore more exotic regions for triaxial and octupole deformations
= Scan a isotopic chain: '*Sm ($,=0.08),'4¥Sm (B,=0.14,triaxial),'>*Sm ($,=0.34) .
L 154 154 potentially for
« Compare a pair with equal mass: >*Sm (3, = 0.34) and '>*Gd (3, =0.31) 2026 if running

But priority is SPHENIX, very limited possibility at RHIC.

m  Maybe at LHC beyond 2030 (RUNS)? See CERN yellow report

Table 4: Parameters and performance for a range of light nuclei with a moderately optimistic value of
the scaling parameter p = 1.5 in (3).

| 1608+ | 40Ar18+ | 40Ca20+ | 78Kr36+ ‘ 129X654+ | 208Pb82+

0 3760. 3390. 3760. 3470. 3150. 2960.
VSnn/TeV 7. 6.3 7. 6.46 5.86 5.52

= Other heavy ion facilities such as NICA? Vs up to 11 GeV

= Measure the same isobar pair at different energies.

Manifestation of nuclear structure are Vs and rapidity dependent!



Energy dependence of nucleon size

+ Sensitive to the nucleon width parameter (size of nucleon)
= IP-Glasma ~ 0.3; v-USPhydro ~ 0.5; Trajectum~0.7; JETSCAPE (TRENTo) ~ 1.1

v,2-p7 has strong

0.4}

sensitivity to nucleon
width

0.2

0.0

G. Giacalone, private communication

SN

p(v3. pr)

—0.2¢

—0.4

| Credits: G. Giacalone

0

Nucleon size have strong s, dependence
Large w at LHC

05<p, <2.0GeV 1

0

2
RICR)
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0.2

Very different peripheral

behavior at RHIC vs LHC 7
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60 80
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1 1 l 1 1 1
40

= w(IP-Glasma) < w(v-USPhydro)<w(Trajectum) < w(JETSCAPE)

0.4}

—— [P-Glasma+MUSIC+UrQMD

—&— v-USPhydro
—4— Trajectum
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Slide from You Zhou

w~ I

O'nn~42mb 0.2<pT<ZGeV/c -

—e— Au+Au |f5 =200 GeV ]|

—e— U+U 'SNN=1 93 GeV

Two-subevent method

STAR Preliminary
M I |

Centrality %

20

40

80
Centrality %

60
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Questions

» How are nuclear shape and radial profile inferred from
hydrodynamic response related to properties measured in nuclear

structure experiments?
s How does the uncertainty brought by nuclear structure impact the

initial state of heavy-ion collisions and extraction of QGP transport
properties?

» What is the energy and longitudinal dependence of nuclear structure?
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