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About BWIS

 Brookhaven Women in Science (BWIS) is a diverse and inclusive community 
that promotes equal opportunity and advancement for all women in 
support of world-class science. 

 We sponsor workshops, speaker series, scholarship and award ceremonies, 
and networking events. 

 We contribute to the community by working with schools, community 
groups, and organizations to support education in science, technology, 
engineering, and math (STEM), and professional development. 
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Gertrude Scharff-Goldhaber

Marc-André Pleier 4/9

 first woman PhD to be hired by 
BNL in 1950. 

 started the Brookhaven Lecture 
series in 1960

 founding member of BWIS
in 1979

 “The vicious cycle which was 
originally created by the overt 
exclusion of women from 
mathematics and science must 
be broken… [I]t is of the utmost 
importance to give a girl at a 
very early age the conviction that 
girls are capable of becoming 
scientists.”



Gertrude Scharff-Goldhaber

 first woman PhD to be hired by 
BNL in 1950. 

 started the Brookhaven Lecture 
series in 1960

 founding member of BWIS
in 1979

 Robert Park (APS): “One of the 
great women pioneers in what 
was an almost exclusively male 
profession. … An inspiration to 
generations of women in physics, 
she was only the third female 
physicist elected to the National 
Academy of Sciences.”
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Gertrude Scharff-Goldhaber

Marc-André Pleier 4/9

 first woman PhD to be hired by 
BNL in 1950. 

 started the Brookhaven Lecture 
series in 1960

 founding member of BWIS
in 1979

 Peter Bond: “Trudy Goldhaber 
made important contributions to 
science, but she also made 
strong contributions to the Lab 
as a whole, to women in science 
and to education. She made the 
Lab a better place.”



Commemorative Plaque 

 Gertrude Scharff-Goldhaber plaque installed in B510 next to her 
old office (1-200):

 Thanks for the support by Brookhaven Women in Science, the 
Nuclear & Particle Physics Directorate & the Physics Department! 
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1992 First Prize Recipient
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1992 First Prize Recipient

Marc-André Pleier 7/9



year name affiliation year name affiliation
2006 Enju Lima SBU

2023 Xiaofeng Wang Shandong 2005 Anne Sickles SBU
2022 Jiayi Chen Brandeis 2004 Mirna Lerotic SBU
2021 Yanzhu Chen SBU 2003 Lilia Anguelova SBU
2020 Rebekah Pestes Virginia Tech 2003 Carola Berger SBU
2019 Brooke Russell Yale 2002 Yiing-Rei Chen SBU
2018 Minjung Kim Seoul NU 2001 Jane Burward-Hoy SBU
2017 Anna Gura SBU 2001 Irina Mocioiu SBU
2016 Kathryn Meehan UC Davis 2001 Rebecca Christianson MIT
2015 Fen Guan SBU 2000 Diana Vaman SBU
2014 Li Yi Purdue 1999 Angelika Osanna SBU
2013 Sara Callori SBU 1998 Shan-Ho Tsai SBU
2012 Marija Kotur SBU 1998 Mary Josephine Bellanca SBU
2011 Megan Connors SBU 1997 N.N. N.N.
2010 Johanna Nelson SBU 1996 Q. Joan Harris MIT
2009 Na Li CCNU 1995 N.N. N.N.
2008 Christine Nattrass Yale 1994 Fang Shu SBU
2007 Manuela Kulaxizi SBU 1992 Xiaodong Zhang SBU
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Zhiwan Xu
2014-2018  B.S. Fudan University
2018-2024  Ph.D. in Physics, UCLA
2024-now  Postdoc, Los Alamos National Lab

“My curiosity of about the basic entities of 
matter and the origin of our universe led me 
on a journey to the cutting-edge research at 
the Brookhaven National Lab, where we focus 
on studying the fascinating world of particles 
and fundamental forces that shape everything 
around us.”

“Stay hungry. Stay foolish.” 
— Steve Jobs 2005



Search for the Chiral Magnetic Effect  
from RHIC Beam Energy Scan-II data

Zhiwan Xu 
Physics & Astronomy Department


University of California, Los Angeles

July 26, 2024

Supported in part by
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The Parity of Elementary Particles

Parity

Parity

“Handedness of Matter”  
       ~ Chirality

In Mirror
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Discovery of Parity Violation in Weak Interaction

1956: Co60 experiment (by Chien-Shiung Wu et al) discovered Parity symmetry breaking in 
the weak interaction. 
1957: Nobel Prize for Yang and Lee

Chien-Shiung Wu
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Parity Violation in Strong Interaction?

At High T

A vacuum still has stuff in it

Phase change to Plasma

T

P

H2O phase diagram

https://www.science.smith.edu/~jbrady/petrology/igrocks-diagrams/unary/H2O.php

Image courtesy of Brookhaven National Laboratory

http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/Nobel/
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Quark Gluon Plasma: the Small Bang
the “Small Bang” at RHIC The Big Bang Theory

“Baryogengesis” “Chirogenesis” More LH>RH (RH>LH) 
in local domainMatter > Anti-matter

https://www.bnl.gov/newsroom/news.php?a=11795



Zhiwan Xu, UCLAGoldhaber Award Presentation, 07/26/2024

E

N = − 1 0 1 2 ⋅ ⋅ ⋅

6

The Role of Vacuum Topology

Valleys represent a different universe (domain) 
with different proportions of hardness

~ 100 MeV

LH=RH
LH>RH

LH>>RH

“Chirogenesis”

Analogy: Electro-Weak vacuum

9 TeV

Baryogengesis

LH<RH (L+B)=anti(L+B) (L+B)>anti(L+B)

Matter= Antimatter > Antimatter

Amoroso, Simone & Kar, Deepak & Schott, Matthias. (2020). How to discover QCD Instantons at the LHC. 
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Chiral Magnetic Effect

⃗B ⃗J

uR

dL

uL
dR dR

uR

Magnetic field (B) can induce charge separation 
(current J) for quarks at chirality imbalance (μ5): CME.

Manifestly violate local Parity symmetry.

⃗J ∝ μ5 ⃗B
even parityodd parity

A strong B field The key condition

Spin

Momentum
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Gold-Gold Collisions at RHIC
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Heavy-Ion Collisions at RHIC

Spectator protons 
carry “+” charges 

Create B field

Participants: 
At high T: Quarks 
are liberated 
Gluons create 
chirogenesisSimulation
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Strongest Magnetic Field on Earth

B Field Effect

Quark Effect

Observation =

+

⃗B → ∅

Phys. Rev. X 14, 011028 
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Beam Energy Scan at RHIC

Beam Energy Scan-II
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The STAR detector

Front and Side View

Event Plane 
Detector

Time 
Projection 
Chamber
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⃗B ⃗J

uR

dL

uLdR dR

uR

y x

z
μ5 ≠ 0

+++++

- - - - -

Reaction  
Plane

13

How to measure the Chiral Magnetic Effect?

γ112 = ⟨cos(φ1 + φ2 − 2ΨRP)⟩ = ⟨v1v1⟩ − ⟨a1a1⟩ + BG(vcl
2 )Chiral Magnetic Effect 

 observables:
Δγ112 = γOS − γSS

2nd-order: Elliptic flow

Cancels out
Signal BKG

Reaction  
Plane

ΨRP

φ+
1

φ−
2

CME
⃗p

⃗p

dN±
dφ

∝ 1 + 2v1cos(φ − ΨRP) + 2a±
1 sin(φ − ΨRP) + 2v2cos(2φ − 2ΨRP) + . . .— Expansion:

∝ μ5B but <a1> averaged out to be zero

Elliptic 
Flow
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Measurement of Chiral Magnetic Effect

Measurement of CME is challenging because of the dominated background.

γos > γss, consistent with Chiral Magnetic Effect expectation

Non-CME BKG

Δγ112 = γOS − γSS = ΔγCME + k
v2
N

+ Δγnonflow

Signal Background > 80%

Flowing resonance decay 

CMEB
STAR, PRL 103(2009)251601;PRC 81(2010)54908;PRC 88 (2013) 64911
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Suppress the major background

Measured Signal Backgrounds 

Δγ112 = ΔγCME + k
v2
N

+ Δγnon−flow
Event Shape Selection Spectator Detector

We develop a new method to directly remove flow background in measurement. 
Project to spherical shape events (v2 = 0), by utilizing the emission pattern.

Z. Xu et al, PLB 848(2024)138367
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Beam Energy Scan II data at RHIC

Energy (GeV) Events (106) Year
27 555 2018

19.6 478 2019
17.3 220 2021
14.6 324 2019
11.5 230 2020
9.2 160 2020
7.7 101 2021

SNN(GeV)

BES-II

Forward spectators

participants

Event Plane Detector (EPD) Upgraded in 2018 
Targeting the spectator regions for B field 
Suppressing non- flow background

STAR PLB 839 (2023) 137779
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After Suppressing the flow BKG with ESS, and non-flow BKG 
with spectator plane from EPD:  

The intercept of CME observable present a finite value.

Particles 
of InterestΨ1

beam rapidity

Ψ1

η > ybeam: Forward spectators

Beam Energy Scan II at STAR

Measured Signal Backgrounds 

Δγ112 = ΔγCME + k
v2
N

+ Δγnon−flow
Event Shape Selection Spectator Ψ1

0 0.02 0.04 0.06 0.08 0.1 0.12
}

2,POI
2 {pair q

2,POI
single v

0

0.0005

0.001

11
2

γ
∆

-4 10× 0.21) ±Intercept = (0.46 (c)

STAR preliminary
 19.6 GeV 30-40% Au+Au

h-h(no protons), |η|<1, ηEP > 3.2

CME observable 

TPC

γ112 = ⟨cos(φ1 + φ2 − ΨEPD,e − ΨEPD,w)⟩

East EPD West EPD
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The Beam Energy Scan II Results 

The background indicator  is consistent with zero across the beam energy scan. 
Finite charge separation in  observed in mid-central 20-50% events between 10—20 GeV. 

at 11.5, 14.6 and 19.6 GeV, each with above 3σ significance.
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γ112 = ⟨cos(φ1 + φ2 − Ψ1,e − Ψ1,w)⟩CME observable

γ132 = ⟨cos(φ1 − 3φ2 + Ψ1,e + Ψ1,w)⟩Background Indicator
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The Beam Energy Scan II Results 

The background indicator  is consistent with zero across the beam energy scan. 
Finite charge separation in  observed in mid-central 20-50% events between 10—20 GeV. 

at 11.5, 14.6 and 19.6 GeV, each with above 3σ significance.
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Beam Energy Dependence

After removing the flow BKG with ESS, and 
nonflow BKG using Spectator Plane, 

A finite residual charge separation (3σ 
above zero) at 11.5, 14.6 and 19.6 GeV 

The background indicator is consistent 
with zero. 

The residual charge separation may come 
from the Chiral Magnetic Effects? 
It can largely enhance our understanding 
of the local parity violation in the strong 
interaction.

 BKG removal
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March 2024 STAR collaboration Meeting @BNL

2023 @ UCLA

2024 @ UCLA
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