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The isobar program was designed to detect
the Chiral Magnetic Effect(CME)
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expectation before the isobar collisions:

Correlator[Ru] > Correlator[Zy] e CME
Correlator[Ru] = Correlator[Zy] == 1o CME
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expectation before the isobar collisions:
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1.02  STAR Isobarpost-blind analysis, Vsyy = 200 GeV, Ru+Ru/ Zr+Zr, 20-50%
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Bulk properties are not identical!
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STAR /sobar blind analysis
VSNN =200 GeV
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Re-analysis of the no-CME baseline:

STAR /sobar blind analysis -
VSNN =200 GeV

See J. Liao [Wed 11:30]
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y 'D. Kharzeev, J. Liao, and SS, Phys.Rev.C 106 (2022) 5, L051903
) See also F. Wang [Week 2]
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Giuliano Giacalone, Jiangyong Jia, Chunjian Zhang, et al.
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New opportunity!
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New opportunity! Giuliano Giacalone, Jiangyong Jia, Chunjian Zhang, et al.
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Key argument: ratios of observable
are insensitive to transport details.
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New opportunity! Giuliano Giacalone, Jiangyong Jia, Chunjian Zhang, et al.
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 Background: isobar collision v

* Proof of concept study:
. reconstruct nuclear structures of both nuclei

from observables and/or ratios



Outline
 Background: isobar collision v

 Bayesian Inference
* Proof of concept study:
. reconstruct nuclear structures of both nuclei

from observables and/or ratios

« Summary and outlook



Bayesian Inference

L(parameter | data) « P(data | parameter) X Prior(parameter)
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Bayesian Inference

nuclear structure heavy-ion collision
observables

=

L(parameter | data) « P(data | parameter) X Prior(parameter)

L(parameter | data) : likelihood of structure parameter given HIC data

04




Bayesian Inference

nuclear structure heavy-ion collision
observables

=

L(parameter | data) « P(data | parameter) X Prior(parameter)

L(parameter | data) : likelihood of structure parameter given HIC data

04




Bayesian Inference

nuclear structure heavy-ion collision
observables

=

L(parameter | data) « P(data | parameter) X Prior(parameter)

L(parameter | data) : likelihood of structure parameter given HIC data

P(data | parameter) : probability HIC data given model

—1
Za,b

2

P(data | parameter) eXp( — —= (% = Y P =y ))




Bayesian Inference

nuclear structure heavy-ion collision
observables

=

L(parameter | data) « P(data | parameter) X Prior(parameter)

L(parameter | data) : likelihood of structure parameter given HIC data

P(data | parameter) : probability HIC data given model

Model needed to map the nuclear structure to final state observables
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e e e . . final detected
Relativistic Heavy-Ion Collisions distributions

made by Chun Shen Kinetic
freeze-out
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collision evolution
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Model needed to map the nuclear structure to final state observables
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Monte-Carlo Glauber as Estimator

As a proof of concept study, assumed "perfect” Monte-Carlo Glauber modeling:

initial
E =
En =
€y =
d, =

final

N, =AvE
V) =/ &
V3 = A3 &3

(pr) = fd))

"perfect mappings’
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Monte-Carlo Glauber as Estimator

As a proof of concept study, assumed "perfect” Monte-Carlo Glauber modeling:
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Monte-Carlo Glauber as Estimator

As a proof of concept study, assumed "perfect” Monte-Carlo Glauber modeling:
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Markov Chain Monte Carlo (MCMCQC)

each parameter set

N

'scan" R, a, p,, D5 space

L(R, a, ﬁZ? ﬁB) X €Xp(_)(2/2)\/

compute )(2
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Markov Chain Monte Carlo (MCMCQC)

each parameter set
Emulator +

Markov Chain MC ~"

‘scan" R, a, p,, P; space compute

L(R, a, ﬁZ? ﬁB) X 6Xp(—){2/2)\/
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Markov Chain Monte Carlo (MCMCQC)

parameter space

Emulator + /\/ \

Markov Chain MC

"'scan" R, a, p,, D, space
el exp(—;a%ext/Z)]

P.... =min]|l,
weep l CXP (_)( %rev/ 2)

L(R, a, B, B3)  exp(—y*/2)




Markov Chain Monte Carlo (MCMCQC)

parameter space

Emulator + /\/ \

Markov Chain MC

"scan" R, a, p,, -, space
2213 exp(— ;(gext/z)]

P.... =min]|l,
weep l CXP (_)( %rev/ 2)

L(R, a, B, B3)  exp(—y*/2)
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ensemble of parameter sets that
follows the likelihood distribution
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single system test

1. start from known parameters;

2. run high-stat MCGlauber sim.
and use It as mock data:

3. run MCMC and reconstruct WS
parameters from mock data.
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single system test
1d and 2d marginal distribution
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single system test
1d and 2d marginal distribution

A Zr
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iIsobar pair?

1.

2.

single system

start from known parameters;

run high-stat MCGlauber sim.
and use It as mock data:

run MCMC and reconstruct WS
parameters from mock data.

1.
2. take Ru to Zr ratio as mock data:

3.

Isobar system

start from two parameter sets;

run MCMC and simultaneously
reconstruct Ru and Zr WS
parameters.
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Isobar pair

Posterior (a.u.)

RRu (fm)

observables: R[P(N )], R[v,], R[vs], R[{p)]
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isobar pair observables: R[P(N,,)], R[v,], R[vs], R[{p;)]
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Isobar pair observables: PR“(NCh), Pzr(NCh), R[v,], R[v4], R[{p7)]
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Isobar pair observables: PR“(NCh), Pzr(Nch), R[v,], R[v4], R[{p7)]

RRu (fm)

RZr (fm)
N\

| |
5.03|- e - !
|
| |
4.955 |- . |
1 1l |
I ] I B I I
= 0464 o b !
S S
N
2 | |
© 04511 e I o I
| L 1 | |1 ] ]
| o | L | | |
—~ 0.526F S S -
| |

I I B B /\ observable ratio =>
2 L T T L same parameter correlation

0.13

B2Rr
.

| ‘:- .
.

I I
I o I
0.12 . .
I I

0.01

|
0.161 : -

B3 r B2,z
/1s
.
-lw |
=

—-0.07F
|

I I I

N I L [ I AL
0.28 : : |
I I |

0.19
|

B,z
’
/
-
-




Summary and Outlook

e proof of concept study: "perfect” initial-final mapping assumed
* single system

e observable = nuclear structure

* |Sobar pair
e only ratio of obs. # nuclear structures

 multiplicity distribution + ratio of other obs. = nuclear structures

* Qutlook: more realistic model needed; AMPT-based in progress.



