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Isobar Collisions

𝐵!" > 𝐵#$, larger about 12-20%

Backgrounds Signal Ru+Ru

Zr+Zr

ü Expectations for CME signal:

𝑶𝒃𝒔𝒆𝒓𝒗𝒂𝒃𝒍𝒆 𝑹𝒖 + 𝑹𝒖
𝑶𝒃𝒔𝒆𝒓𝒗𝒂𝒃𝒍𝒆 𝒁𝒓 + 𝒁𝒓

> 𝟏

Backgrounds Signal

∆ Signal
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𝛄-correlator 

∆𝛾%%&= 𝛾%%&'( −𝛾%%&((

𝛾%%& = cos 𝜙) −𝜙* −2Ψ!+

ü The ∆"!!"
#"

is sensitive to CME and can 
be clearly observed in AVFD events. 

The normalized quantity:

∆𝛾%%&
𝑣&

To account for the trivial scaling 
from the 𝑣! contribution.

Sergei A. Voloshin, RC 70, 057901 (2004)
S. Choudhury, et al., Chin. Phys. C 46, 014101 (2022)

By utilizing the azimuthal correlation:

⁄"! #, Initial axial charge density, control 
chirality imbalance, hence CME strength.
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Signed Balance Function(SBF)

Observable:

2) Count net-ordering (e.g. excess of pos. 
leading neg. ) for each event :

1) Count pair’s momentum ordering along y direction 
in py :

3) Look for enhanced event-by-event fluctuation 
of net ordering in y direction. 

𝐵$,& 𝑆& =
𝑁'( 𝑆& − 𝑁'' 𝑆&

𝑁'
,

𝐵),& 𝑆& =
𝑁(' 𝑆& − 𝑁(( 𝑆&

𝑁(

𝛿𝐵& ±1 = 𝐵$,& ±1 − 𝐵),& ±1 ,
∆𝐵& ±1 = 𝛿𝐵& +1 − 𝛿𝐵& −1

=)"')#
)")#

𝑁& '( − 𝑁& ('
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By accounting momentum ordering:

ü The 𝑟!"# and 𝑅$ are sensitive to the CME signal 
and the differences between isobars systems can 
be observed in models. 
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Toy model: ρ00 + v2 + CME

A.H. Tang, Chin. Phys. C 44, 054101 (2020)
S. Choudhury, et al., Chin. Phys. C 46, 014101 (2022)

Where Nαβ denotes the number of positive -negative pairs 
with a sign of Sy in an event. Sy is labeled as +1 if pαy > pβy,    
and -1 if vice versa, 𝑟$%&and 𝑟'()* are r calculate in the  
laboratory frame and pair rest frame separatly. 

𝑟 =
𝜎∆&*
𝜎∆&+

𝑅$ =
𝑟'()*
𝑟!"#

x

y B
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Isobar blind analysis at STAR

STAR Isobar blind analysis, PRC 105, 014901 (2022) 

v Pre-defined signature (𝑅𝑎𝑡𝑖𝑜 > 1) of CME is not observed.
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 1.02 STAR Isobar post-blind analysis, √sNN = 200 GeV,   Ru+Ru / Zr+Zr,   20-50%
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Isobar blind analysis at STAR

v Differences in the multiplicity 
and 𝑣& is observed between 
the two species.

ü This analysis: 
forced matching is employed
to remove these differences.

STAR Isobar blind analysis, PRC 105, 014901 (2022) 
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Forced match

Keep the Zr+Zr original and then match the 
Ru+Ru Distribution to Zr+Zr.

In this way, the CME related backgrounds are tuned to be exactly the same, 
making the interpretation on the ratio between  isobar systems straightforward. 

𝑓/,012 = 𝑁012 34 ∕ 𝑁012 56

S7 += 𝑂012 56 ( 𝑁012 56 ( 𝑓/,012

S/ += 𝑁012 56 ( 𝑓/,012

O𝑹𝒖 𝒎𝒂𝒕𝒄𝒉𝒆𝒅 = 𝑺𝑶 ∕ 𝑺𝒘

𝑁+,-

𝑁&+,:  normalized number of entries, 
𝑓-,&+,: weight factor, 𝑂&+, : observables
S/ and S- are the sum of the observable 
and weight entries in total, respectively. 
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STAR detectors

Ø Uniform acceptance, full azimuthal 
coverage, excellent PID capability 

Time Projection Chamber

Time Of Flight

Ø TPC: tracking, centrality, event plane  
Ø TPC+TOF: particle identification
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Analysis results: 𝛾
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Ø The difference in 𝑁+'7 is 
removed with 𝑁+'7 match.

Ø The ratio of 𝑣& are above 
1 with 𝑁+'7 match.

• 𝛄-correlator： Only the 𝑁+,- as the matching dimension.
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Analysis results: 𝛾
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Ø The ratio ∆9''(:(
≈ 1

with 𝑁+'7 match.

• 𝛄-correlator： Only the 𝑁+,- as the matching dimension.
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Ø The difference in 𝑁+'7, 𝑣& 𝑜𝑏𝑠𝑒𝑟𝑣𝑒 and 𝑐𝑜𝑠 2 Ψ; −Ψ< are removed.
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• SBF: 𝑁+,-, 𝑣. 𝑜𝑏𝑠𝑒𝑟𝑣𝑒 and 𝑐𝑜𝑠 2 Ψ/ −Ψ0 all as the matching dimensions.

Analysis results: SBF
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Analysis results: SBF

Ø Both the ratio of 
𝑟=>? and 𝑅@ are 
consistent  with 1 
with forced match. 
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Summary

ü No obvious CME signal has been observed in Isobar collisions.
Either with SBF method or 𝛾 correlator method, when the differences of the multiplicity 
and 𝑣. have been removed with forced match.

Full-event Sub-event

STAR Isobar,
[M. Abdallah et al. (STAR), Phys. Rev. C 105 (2022) 014901]

√sNN = 200 GeV,   Ru+Ru / Zr+Zr,   20-50% STAR Preliminary 
Forced match
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Backup: Analysis results

𝜅%%& =
∆𝛾%%&
𝑣& L ∆𝛿

The ratio of ∆𝛿 < 1 and 
𝜅11. > 1 with CME signal. 

Ø The ratio  ∆𝛿 is larger than 
even after 𝑁+'7 match.

Ø 𝜅%%& is below 1 with 𝑁+'7
match. 
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Backup: Connect between 𝛾 and signed balance function

S. Choudhury, et al., Chin. Phys. C 46, 014101 (2022)
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Backup: Why not ∆𝛿 and 𝜅778
Dmitri E. Kharzeev , Jinfeng Liao , 
and Shuzhe Shi, PRC 106, L051903 (2022)
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Backup: SBF(1)

Observable:

(>1 with CME)

3) Look for enhanced event-by-event 
fluctuation of net ordering in y direction. 
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Toy model
30-40%

where Nαβ denotes the number of positive -negative pairs with a sign 
of Sy in an event. Sy is labeled as +1 if pα

y > pβ
y,    and -1 if vice versa. 

2) Count net-ordering (e.g. excess of 
pos. leading neg. ) for each event :

1) Count pair’s momentum ordering 
in py :
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Backup: SBF(2)
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Observable:

Lab frame view
( pyα =  pyβ )

Rest frame view
( pyα >  pyβ ) 

Rest frame has the best sensitivity to 
momentum ordering.

Toy model

30-40%

Observable: (>1 with CME)
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Backup: Isobar Blind Analysis
Test of CME with Isobar collisions

Blind analysis   (by 5 separate STAR groups)
Status: Analysis codes developed from ”mixed” data now frozen & documented 
Next: short period of run-by-run QA checks (still blinded) before running each analysis

Blinding method 
document 
in arXiv

Establish all procedures Act "blindly” on all procedures

• Program Advisory Committee Recommendation: 
– The PAC strongly recommends that any STAR publication regarding CME 

observables should contain the result after unblinding and without any 
additional corrections applied after unblinding that are deemed necessary 
by STAR. If such additional corrections are needed, then a paper containing 
both the unblinded and post-unblinded results should be published for 
reference in papers reporting the isobar data. 

NUCL SCI TECH 32, 48 (2021)

Cartoon : P. Tribedy, WWND 2020

• STAR  implementation: “Rules” for blind analysis
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Backup: SBF

Requested

Coll
ec

ted
 (3

.1B
ea

ch
)

Data collected in 2018 RHIC run

ZrZr Ru Zr Ru Zr Ru
Interleaved fills for isobar 
species to minimize 
systematic differences
between two species..

J-H Lee for STAR, RHIC/AGS Mtg 2018

QPT2023, Zhuhai, Dec 14-19, 2023
20Y. F. Lin


